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Paper III 

 

Question: Do women with twin pregnancies 

have increased risk of long-term 

cardiovascular disease mortality compared to 

women with singleton pregnancies? 

Period: 1967-2020. 

Study Population: 974 892 women with 

twin or singleton pregnancies registered in 

the Medical Birth Registry of Norway. 

Exposure: Reproductive history of women. 

Outcome: Cardiovascular mortality before 

70 years. 

Conclusion: Women with one lifetime 

pregnancy, twin or singleton, had an 

increased risk of cardiovascular mortality 

compared to women with three singleton 

pregnancies. 

Question: What is the birthweight of second 

singleton pregnancy after a first twin 

pregnancy compared to a first singleton 

pregnancy? 

Period: 1967-2020.  

Study Population: 778 975 women with 

twin or singleton pregnancies. 

Exposure: Plurality status of the first 

pregnancy (twin or singleton). 

Outcome: Birthweight in subsequent 

singleton pregnancy. 

Conclusion: Offspring’s birthweight in a 

second singleton pregnancy was similar for 

women with a first twin pregnancy or 

women with a first singleton pregnancy. 

 

Question: What is the risk of adverse 

pregnancy outcomes in twin-born women’s 

own pregnancies compared to singleton-born 

women’s pregnancies? 

Period: 1967-2020. 

Study Population: 9 184 twin-born and 

492 894 singleton-born women during 1967-

2005, with registered pregnancies during 

1981-2020. 

Exposure: Twin-born or singleton-born 

Outcome: Preeclampsia, preterm delivery 

and perinatal loss. 

Conclusion: Twin-born women had no 

increased risk of adverse pregnancy 

outcomes (preeclampsia, preterm delivery 

and perinatal loss) compared to singleton-

born women. 
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Abstract in English 

Background: Twin pregnancies are common but have generally been less studied 

compared to singleton pregnancies. Using population-based national registry data we 

were able to study twin pregnancies for better understanding on how their 

reproductive and obstetric history impact long-term mortality, birthweight in 

subsequent pregnancy and inter-generational association of adverse pregnancy 

outcomes. 

Aims: The first aim was to investigate if women with twin pregnancies had increased 

risk of long-term cardiovascular disease mortality compared to women with singleton 

pregnancies (Paper I). The second aim was to study birthweight in subsequent 

singleton pregnancy after a first twin pregnancy compared to after a first singleton 

pregnancy (Paper II). Finally, the third aim was to compare the later risk of adverse 

pregnancy outcomes between twin-born women and singleton-born women in their 

own pregnancies (Paper III).  

Material and Methods: The main data source was the Medical Birth Registry of 

Norway (1967-2020, Papers I-III) with linkage to The Cause of Death Registry 

(Paper I) and Statistics Norway (Papers I-III). The unique national identification 

number was used to link all births to a given mother, providing sibling and 

generational files. Cox regression proportional hazard models (Paper I), linear 

regression models (Paper II) and generalized linear models (Paper III) were used to 

calculate hazard ratio (HR), mean difference and relative risk (RR) with 95% 

Confidence Intervals (CI), adjusted for possible confounding factors. All statistical 

analyses were performed using STATA (StataCorp LLC, College Station, Texas). 

Results: Paper I: Women with one lifetime pregnancy, twin or singleton, had 

increased risk of cardiovascular mortality (adjusted HR 1.72, 95% CI 1.21-2.43 and 

1.92, 1.78-2.07, respectively), compared to women with three singleton pregnancies 

(reference population). However, women with a first twin pregnancy and continued 

reproduction did not have an increased risk of cardiovascular disease mortality 

(adjusted HR 0.76, 0.48-1.19) compared to the reference population. Adjusted HRs 
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for cardiovascular mortality in women with one lifetime pregnancy with any 

complications were 2.36 (1.49-3.71) and 3.56 (3.12-4.06) for twin and singleton 

pregnancy, respectively. Paper II: Mean combined birthweight of first-born twins 

was more than 1000 grams larger than mean birthweight of first-born singletons. 

When comparing mean birthweight of subsequent singleton babies following a first 

twin pregnancy to a first singleton pregnancy, the adjusted mean difference was just 

21 grams (5.2-36.7) Paper III: We found no increased risk for adverse pregnancy 

outcomes in twin-born women compared with singleton-born women’s later 

pregnancies adjusted RR for preeclampsia 1.00 (0.93-1.09), preterm delivery 0.96 
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Abstract in Norwegian 

Bakgrunn: Tvillingsvangerskap har vært mindre studert enn svangerskap med 

enkeltfødte. Ved å bruke populasjonsbaserte registerdata ønsket vi å belyse 

sammenheng mellom tvillingsvangerskap, reproduksjon og langtidsdødelighet. 

Mål: Den første målsetningen var å undersøke om kvinner med tvillingsvangerskap 

hadde høyere kardiovaskulær dødelighet sammenlignet med kvinner med 

enkeltfødsler (artikkel I). Den andre målsetningen var å studere fødselsvekt i 

påfølgende enkeltfødte barn etter et første svangerskap med tvillinger eller 

enkeltfødte (artikkel II). Den tredje målsetningen var å undersøke om kvinner som 

selv var født tvilling hadde økt risiko for svangerskapskomplikasjoner sammenlignet 

med enkeltfødte kvinner (artikkel III). 

Materiale og metoder: Hovedkilden til analysene var Medisinsk fødselsregister i 

Norge (1967-2020, artikkel I-III) med kobling til Dødsårsaksregisteret (artikkel I) og 

Nasjonal utdanningsdatabase ved Statistisk sentralbyrå (artikkel I-III). Personnummer 

ble brukt til å knytte sammen alle fødsler til en mor. Overlevelsesanalyser (artikkel I), 

lineære regresjonsmodeller (artikkel II) og generaliserte lineære modeller (artikkel 

III) ble brukt til å beregne hasard ratio (HR), gjennomsnittlig forskjell og relativ 

risiko (RR) med 95 % konfidensintervaller (KI) justert for mulige konfunderende 

faktorer. Alle statistiske analyser ble utført ved bruk av STATA (StataCorp LLC, 

College Station, Texas). 

Resultater: Kvinner med kun ett svangerskap, tvilling eller enkeltfødt, har økt risiko 

for kardiovaskulær dødelighet (henholdsvis justert HR 1.72, 95% KI 1.21-2.43 og 

1.92, 1.78-2.07) sammenlignet med kvinner med tre svangerskap med enkeltfødte. 

Kvinner med et første tvillingsvangerskap som fortsatte reproduksjonen har ikke økt 

risiko for kardiovaskulær dødelighet (justert HR 0.76, 0.48-1.19) sammenlignet med 

referansepopulasjonen som var kvinner med tre enkeltfødte. Kvinner med 

tvillingsvangerskap og kvinner med svangerskap med enkeltfødte får barn med 

sammenlignbar fødselsvekt i det påfølgende svangerskapet. Kvinner som selv var 
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1. Definitions and abbreviations  

Lifetime 

reproductive 

history 

In this thesis, in paper I, women’s reproductive history 

ascertained at the end of reproduction or 2020 (end of the study 

period), consisting of six mutually exclusive categories: 1) 

Women with only one twin pregnancy, 2) Women with only 

one singleton pregnancy, 3) Women with only two singleton 

pregnancies, 4) Women with a first twin pregnancy and 

continued reproduction, 5) Women with a first singleton 

pregnancy and twins in later reproduction and 6) Women with 

three singleton pregnancies. 

Cardiovascular 

diseases mortality 

In this thesis defined as Atherosclerotic Cardiovascular 

Disease (ASCVD) mortality for the deaths due to ischemic 

heart disease or cerebrovascular disease or peripheral arterial 

disease in women before 70 years of age. 

MBRN The Medical Birth Registry of Norway 

Gestational age Gestational age estimates were based on reported last 

menstrual period. Ultrasound based estimates have been 

recorded in the MBRN from 1999, and were used, when 

available, for women with missing information on last 

menstrual period or with a difference between ultrasound-

based estimate and last menstrual period estimates of more 

than 10 days. 

Birthweight Offspring birthweight measured at delivery and recorded in 

grams. 

Inter-pregnancy 

interval 

Interval between the date of the subsequent delivery minus the 

date of the first delivery minus the gestational age of the 

subsequent pregnancy 
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Preeclampsia An increased blood pressure to at least 140 systolic or 90 

mmHg diastolic combined with proteinuria (protein excretion 

of ≥0.3 g/24 h or ≥1+ on dip-stick) after 20 weeks of gestation. 

Perinatal loss Any fetal loss registered in the MBRN after 16 gestational 

weeks and neonatal deaths during the first week after birth 

(one or both infants in case of twin pregnancies) 

ART Assisted Reproductive Technology. ART refers to methods 

used to treat infertility. In vitro fertilization (IVF) and 

intracytoplasmic sperm injection (ICSI) are two types of ART.  

SGA Small for Gestational Age (usually defined as birthweight 

<10th percentile of gestational age) 

FSH Follicle Stimulating Hormone  

BMI Body Mass Index 

PPV Positive Predictive Value 

 

 

Statistical abbreviations 

CI  Confidence interval 

OR  Odds ratio 

SD  Standard deviation 

SE  Standard error 

HR  Hazard ratio 

RR   Relative risk  
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2.  Introduction and background 

Twin pregnancies are common in the modern world, with 1.6 million twin pairs born 

each year.(1) An early scientific account of twins appeared in the mid-1800s, when 

Mackenzie published the paper “Statistics of multiple births” in the Lancet.(2) Some 

years later Mattew Duncan, a Scottish obstetrician, provided maternal and perinatal 

characteristics of twin pregnancies in the Edinburgh Medical Journal.(3) Later in 

1875, Francis Galton recognized the value of studying twins to disentangle nature 

(heredity) and nurture (environment) by examining twins from infancy through 

adulthood.(4) Twins have inspired and challenged medical professionals and 

researchers since then, and they continue to do so in modern obstetric care and fetal 

medicine.   

 

It is well established that twin pregnancies constitute significant risk of adverse 

outcomes to both mother and fetuses compared to singleton pregnancies.(5-7) 

Women with a history of pregnancy complications generally have higher 

cardiovascular disease mortality.(8-10) Women with twin pregnancies are more often 

exposed to pregnancy complications. Most previous studies on twin pregnancies have 

focused on obstetric and perinatal outcomes, while very few studies have investigated 

the long-term morbidity and mortality of women with twin pregnancies.(11, 12) 

There is also limited research on reproductive outcomes for women born as twins. 

2.1 The twin phenomenon  

Although Galton highlighted the significance of twin research already in the 19th 

century, the various sub-types of twins were not identified until the early 20th 

century.(13) According to their fertilization process, twins can either be dizygotic 

(commonly known as non-identical or fraternal) or monozygotic (commonly known 

as identical) (Figure 1).(14) Dizygotic twins occur from two ova that are fertilized by 

separate spermatozoids. They have different chromosomes; and may or may not be of 

the same sex. Each embryo has its own individual amniotic sac and placenta. 

Monozygotic twins occur when a single ovum is fertilized by a single spermatozoid 
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and the egg divides, thereafter, establishing two embryos. The embryos have identical 

chromosomes, and the same sex. The monozygotic twins may develop in three 

different types of uterine environments; two placentas and two amniotic sacs 

(dichorionic-diamniotic), one placenta and two amniotic sacs (monochorionic-

diamniotic), or one placenta and one amniotic sac (monochorionic-

monoamniotic).(15-17) Monozygotic conjoined twins occur due to delayed 

separation of the zygote and is a very rare twin sub-type (Figure 1). 

 

Figure 1: Twin pregnancy development and distribution by zygosity and chorionicity 

(Figure illustrator Louise Sudour, published with permission from the author and the 

publisher).(14)  

 

In general, 75% of twin pregnancies are dizygotic, while 25% are monozygotic 

(Figure 1).(14) While women with dizygotic twins have been found to have an 

increased concentration of follicle-stimulating hormone (FSH), the cause of 

monozygotic twinning remains unclear.(16, 18, 19) Depending on biological factors 

such as zygosity, chorionicity and location of umbilical cord insertion in the placenta, 

significant variations in pregnancy outcomes have been observed between sub-types 

of twins.(20, 21) For example: Monozygotic twins seem to have higher rates of 
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perinatal mortality, stillbirths, neonatal mortality and lower birthweight compared to 

dizygotic twins.(22, 23) In this thesis, the focus is more on the general twin 

phenomenon, as data on zygosity and chorionicity were unavailable. Thus, the term 

twin in this thesis refers to any of its sub-types. 

2.2 Prevalence and trends in twin births internationally and nationally 

The occurrence of natural twinning varies greatly around the globe and within 

populations. A study published in 2021 by Monden and colleagues showed that the 

global incidence of twinning have increased markedly from 9 per 1000 to 12 per 1000 

deliveries between 1980-1985 to 2010-2015.(1) According to this study, African 

countries have the highest twinning rates in the world and account for 42% of the 

world’s twin deliveries during 2010-2015.(1) The study also demonstrated that 

twinning rate reached more than 15 per 1000 deliveries in Canada, the United States, 

Israel, South Korea, Taiwan and in several countries in Europe.(1) A study from 2016 

found a wider variation in twinning rates across the European countries.(24) The 

lowest rate was found in Romania (9 per 1000) and the highest rate was found in 

Cyprus (25 per 1000), with a median twinning rate of 16.8 twin births per 1000 

women having live or stillbirths across European countries in 2010.(24) 

 

In Norway, a report by Fellman (25) showed that the twinning rates peaked during 

the 1910s and 1920s, after which there was a decline until the 1970ies.(25) Figure 2 

shows the percentage of twin pregnancies among all pregnancies in Norway 

registered in the Medical Birth Registry of Norway (MBRN), 1967-2020, both 

natural conceived and those conceived by assisted reproductive technology (ART). 

There was a sharp increase in twin pregnancies during the 1990ties until reaching a 

peak after the millennium. After 2002, there has been a declining trend of twin 

pregnancies.  
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Figure 2. Percent of twin among all pregnancies by year of birth in Norway, 1967-

2020 (MBRN), above 16 gestational weeks. 

2.3 Causes of twinning and possible explanations for changes in twin 

proportions 

The cause of monozygotic twin pregnancy is essentially a random event among 

spontaneously conceived twins.(16) The occurrence of dizygotic twin pregnancy is 

influenced by several biological, environmental and genetical factors.(26) One of the 

important drivers of twin pregnancies in many countries is the delayed age at 

conception.(19, 27-32) Studies have shown a link between advanced maternal age 

and twin pregnancy.(30, 33) In Norway, Tandberg et al. reported a 2.5-fold (95% 

Confidence Interval (CI) 2.2-2.8) increased risk for natural conceived twin pregnancy 

for women older than 38 years compared to women below 20 years of age.(34) 

Additionally, women in higher parities are more likely to have twin pregnancies 

independent of their age.(35) The correlation between maternal age and spontaneous 
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twin pregnancy is believed to be caused by age related increase of natural multiple 

follicular growth, which is linked to elevated FSH levels at later age.(26, 36) 

 

Another important driver for increasing twinning rates globally is the availability of 

various types of ART. Twin pregnancy rates are higher for women receiving ART 

because of the need to stimulate surplus follicles and transfer excess embryos to 

achieve the intended pregnancy.(18) In Norway, the use of ART appears to have 

contributed to an increase in twin pregnancies during 1990ties, which however has 

declined in the recent years. In 2004, Thurin and colleagues published a randomized 

study that demonstrated effectiveness of single-embryo transfers to achieve live births 

and reduction of multiple births.(37) A change in clinical ART practice, may possibly 

explain some of the decline in total twin proportions in Norway in the new 

millennium (Figure 2).(38) When studying the frequency of twins excluding those 

conceived by ART, there was an increasing trend towards the millennium which 

leveled off towards the recent years. Several studies demonstrated increased twinning 

rates with the availability of ART.(6, 39, 40) A study using data from the Danish 

National Birth Cohort with births between 1998 and 2001 found that 15.5% of 

women with ART had twins, while only 1.3% of women who did not report ART had 

twins.(40) Further, this study also showed that women’s body mass index (BMI) ≥ 30 

or more was positively associated with spontaneous twin pregnancy.(40) A study 

from Norway also found that women with BMI ≥30 or height ≥ 173 cm had a higher 

chance of having twins, when adjusted for potential confounding factors such as age, 

parity and smoking.(41) A study in the United States also demonstrated an 

association between maternal weight and height and twinning.(42) Another factor 

influencing twin pregnancy is family history. Several studies from various parts of 

the world have reported familial association of twinning (26, 43, 44), particularly if 

the mother was twin.(45) 
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2.4 Twin pregnancies and health outcomes 

In comparison to singleton pregnancies, twin pregnancies constitute increased obstetric 

and perinatal risk to both the mother and her offspring. Previous findings on long- and 

short-term outcomes in twin mothers and in her offspring are summarized in the chapter 

below.  

2.4.1 Pregnancy complications in women delivering twins 

The physiological changes during pregnancy exhibit more pronounced burden to the 

maternal organ systems in twin pregnancy compared to singleton pregnancy.(5) 

Women with twin pregnancies have larger placentas,(46) higher cardiac output,(47) 

greater nutritional demand,(48-50) evidence of systolic and diastolic dysfunction (51) 

and altered circulating angiogenic factors.(52) It has been well established that 

women with twin pregnancy have an increased risk of hypertensive disorders of 

pregnancy such as preeclampsia, although the underlying mechanism remains 

unclear.(53) A study from Norway by Laine and colleagues reported that independent 

of confounders such as maternal age, parity, educational level, smoking, 

comorbidities and use of ART, risk of preeclampsia in women with twin pregnancies 

was 4-fold higher compared to women with singleton pregnancies (OR 4.07, 3.65-

4.54).(53) More than 50% of women with twin pregnancies deliver preterm (<37 

gestational weeks). (54) In the U.S population, women with twin pregnancies were at 

almost 6-fold greater risk of delivering preterm (<37 gestational weeks) and 8-fold 

increased risk of delivering before 32 gestational weeks compared to women 

delivering singletons.(55) A study from European countries showed a 9-fold 

increased risk of preterm delivery (<37 gestational weeks) and 12-fold increased risk 

of very preterm delivery (<32 gestational weeks), compared to singleton 

pregnancies.(24) In a recent systematic review of twelve cohort studies, Wu and 

colleagues showed that hypertensive disorders in pregnancy increased the risk of 

preterm delivery for women with twins (OR 1.86; 1.36-2.55).(56) Several other 

adverse outcomes such as gestational diabetes, caesarean section delivery, postpartum 
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hemorrhage, post-partum depression and maternal mortality are increased among 

women with twin pregnancies.(24, 53, 57-70) These pregnancy complications have a 

link to women’s long-term health and will be described below. 

2.4.2 Short- and long-term health outcomes for twins 

Twin offspring have a higher risk of fetal and infant morbidity and mortality 

compared to singleton offspring. As discussed in the previous paragraph more than 

half of the twin pregnancies are preterm (<37 completed gestational weeks).(54) 

Tingleff and colleagues showed that 54.7% of twin and 6.1% of singleton 

pregnancies were preterm in nulliparous women in Norway.(54)  An earlier study 

demonstrated that mean gestational age for women with naturally conceived twin 

pregnancies was 36 weeks.(34) A larger proportion of twin pregnancies results in 

stillbirths or mortality during the neonatal period compared to singleton pregnancies. 

Scher and colleagues described a 5-fold increased risk of stillbirth and a 7-fold 

increased risk of neonatal death in twin pregnancies compared with singleton 

pregnancies in the United States and Australia.(71) A study from Europe showed that 

median fetal mortality rate at or after 28 gestational weeks was 7.0 per 1000 total 

births among multiple pregnancies, while the rate was 2.8 per 1000 among singleton 

pregnancies.(24) It is believed that the larger placental size in twin pregnancies may 

worsen placental perfusion leading to more complications in twin offspring.(72, 73)  

Correspondingly, prior studies have extensively demonstrated increased risk of 

cardiovascular defects, cerebral palsy, low birth weight, small for gestational age, and 

perinatal and infant mortality in twin offspring.(6, 28, 54, 66, 71, 74-79) Further, 

studies have shown that pregnancies conceived by ART, both singletons and twins, 

have more adverse perinatal outcomes compared to naturally conceived pregnancies 

(80-82) and that multiple pregnancies are especially high risk.(81, 83) One of these 

studies, a meta-analysis of 39 cohort studies demonstrated that multiple pregnancies 

by ART were at higher risk of adverse pregnancy outcomes: preterm birth (<37 

completed gestational weeks) (RR 1.08, 1.03-1.14), very preterm birth (<32 

completed gestational weeks)  (RR 1.18, 1.04-1.34),  low birthweight (<2500 grams) 
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(RR 1.04, 1.01-1.07), and very low birth weight (<1500 grams) (RR 1.18, 1.04-

1.34).(81) 

 

The long-term health outcomes of twin offspring have been evaluated quite 

extensively. Stern et al. reported that twin-born were more likely to have adverse long 

term health effects if they were born before 28 gestational weeks.(84) A recent 

retrospective cohort study from Israel followed twin-born babies up to 18 years of 

age and found increased proportions of morbidity in twin offspring compared to 

singleton offspring: cardiac (1.9% versus 1.5%), respiratory (8.4% versus 7.1%), 

neurological (7.7% versus 7.4%), infectious (26.0% versus 24.1%) and malignancies 

(0.7% versus 0.4%).(85) The increased occurrence of morbidities was mostly linked 

to preterm born twins. The reproductive outcomes of twin-born have also been briefly 

studied, which will be discussed in a later chapter. 

2.5 Reproductive history and maternal long-term health 

Pregnancy is associated with significant physiologic adaptations in the maternal system 

while nurturing and accommodating the growing foetus.(86) The changes in the 

maternal system during pregnancy may exert numerous mechanisms for short and long-

term impact on woman’s health. Below is a summary of studies on exploring the link 

between reproductive history and long-term maternal health. 

2.5.1 Parity and maternal long-term health 

Studies have shown an association between parity (number of children) and long-

term maternal health and mortality. There is a J-shaped relationship between parity 

and risk of long-term all-cause mortality, with the lowest risk among women with 

two pregnancies.(87-90) Several studies have explored the association between parity 

and later life cardiovascular disease. While an earlier study by Colditz et al. reported 

no significant association between reproductive events and the risk of long-term 

cardiovascular disease,(91) subsequent studies have shown an association between 
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parity and cardiovascular disease in later life.(92-94) When accounted for 

cardiovascular risk factors such as smoking, type 2 diabetes and BMI in these studies 

the association remained the same.(92-94) A Swedish study showed a J-shaped 

association between parity and later life cardiovascular disease with the lowest risk in 

women with two births, also when accounting for potential confounders such as 

pregnancy-related complications and socioeconomic factors.(95) A review of ten 

cohorts studies found a relative risk (RR) of cardiovascular disease of 1.14 (1.09-

1.18) among parous versus nulliparous women. The authors also commented on a J-

shaped curve between parity and cardiovascular disease.(96) An earlier meta-analysis 

of ten prospective studies also suggested a potential J-shaped association between 

parity and cardiovascular disease mortality.(97) However, Halland et. al reported an 

association between parity and cardiovascular death only among women with low 

education.(98) The underlying biological mechanism behind these associations is not 

fully understood. It is possible that pregnancy leads to numerous cardiometabolic 

changes such as changes in the circulatory system, endothelial function, abdominal 

fat, pro-atherogenic lipid levels and systemic inflammation,(99-101) which may have 

a long-term impact on the cardiovascular system, increasing woman’s risk of 

cardiovascular disease in later life. There may be other unknown factors contributing 

to these associations. Additionally, pregnancy complications have been linked to 

long-term maternal cardiovascular disease.(102) 

2.5.2 Pregnancy complications and maternal long-term health 

The association between pregnancy complications and long-term cardiovascular 

disease morbidity and mortality has been widely studied.(8-10, 103-117) Studies have 

consistently demonstrated that women with a history of pregnancy complications 

such as preeclampsia, preterm birth, gestational diabetes, gestational hypertension are 

more likely to develop cardiovascular disease in later life compared to woman 

without any history of these complications.(103, 104, 118-123) In Norway, Irgens et 

al.(124)  found that women who delivered before 37 gestational weeks with 

preeclampsia had an 8-fold increased risk of cardiovascular disease mortality (HR 
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8.12, 4.31-15.33) compared to women who delivered after 37 gestational weeks 

without preeclampsia, when women were followed until 13 years after preeclampsia. 

Even without preeclampsia, women who delivered before 37 weeks had almost 3-fold 

increased risk of cardiovascular disease mortality (HR 2.95, 2.12-4.11).(124) Studies 

have demonstrated a range of risks between preterm delivery and maternal 

cardiovascular disease morbidity and mortality using different gestational age cut-

offs.(9, 105, 125-128) Skjaerven et al. (8) showed that parity as well as complications 

are critical predictors of long-term maternal mortality (Figure 3). They found almost 

2-fold (1.9-2.0) increased risk of long-term cardiovascular disease mortality in 

women with one lifetime pregnancy compared to women with two or more births. 

When accounting for pregnancy complications in adjusted analyses (maternal 

education, age at first birth and year of first pregnancy), women with one lifetime 

pregnancy and preterm preeclampsia had an almost 9-fold increased risk of future 

cardiovascular deaths (HR 9.4, 6.5-13.7) compared to women with two or more 

children without preeclampsia.(8) Lifetime number of pregnancies and associated 

complications seem to be important risk factors for future cardiovascular disease 

mortality.  
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Figure 3. Cumulative risk of cardiovascular death for women according to 

preeclampsia status at first pregnancy and number of subsequent lifetime pregnancies 

(Skjærven et. al 2012, reused with permission from the BMJ publishing group).(8) 

 

Pregnancy can be viewed as a “stress test”, that provides a window of opportunity to 

identify women at high-risk for chronic diseases.(129, 130) This information could 

potentially be used for prevention of the chronic conditions. The vast majority of 

prior literature on reproductive history and maternal cardiovascular disease mortality 

are mainly focused on women with singleton pregnancies. Also, research on the 

association between pregnancy complications and subsequent maternal health have 

been based on complications in the first pregnancy. Identifying woman’s total 

reproductive history, including twin pregnancies and associated complications may 

reveal heterogeneity in risk of future cardiovascular disease mortality. Analyses 

limited to the first pregnancy outcomes cannot capture this.(88)  

2.5.3 Twin pregnancies and maternal long-term health 

The long-term impact of twin pregnancies on maternal morbidity and mortality of 

women has received increasing attention in the recent years.(11, 12, 131, 132) A 
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study from Israel published in 2016 showed that women who ever had a twin 

pregnancy did not have increased risk of cardiovascular hospitalization compared to 

women without twins (OR 1.0, 0.8-1.1).(11) These results were adjusted for age, 

diabetes, parity, obesity (BMI>30kg/m2), preeclampsia and fertility treatment. In 

2020, Bergman and colleagues showed that in Sweden, women with a first twin 

pregnancy with and without preeclampsia did not have an increased risk of long-term 

cardiovascular disease compared to women who had a singleton pregnancy without 

preeclampsia: aHR 1.25, 0.83-1.86 and aHR 0.94, 0.79-1.10, respectively.(12) When 

adjusting for maternal age, chronic hypertension before birth, education and time 

period of birth, results were not altered.(12) A recent study from Canada showed that 

hypertensive disorder in twin pregnancies were less likely to be associated with future 

cardiovascular disease compared to singleton pregnancies with hypertensive disorders 

in pregnancy.(131) Consistent to these findings, a new study from the Netherlands 

also demonstrated that women with twin pregnancy with hypertensive disorder of 

pregnancy did not have increased risk of cardiovascular mortality compared to 

singleton women with hypertensive disorder of pregnancy.(132) We have not been 

able to identify earlier studies that have evaluated how twin pregnancy and woman’s 

full reproductive history are associated with long-term cardiovascular disease 

mortality.  

2.5.4 Cardiovascular disease in women 

Cardiovascular diseases comprise of a set of heart and blood vessels disorders: 

coronary heart disease, cerebrovascular disease, rheumatic heart disease and other 

related conditions.(133) Cardiovascular diseases are the major cause of death 

worldwide in both men and women.(133) In 2019, 6.2 million deaths occurred due to 

cardiovascular disease at age 30 to 70 years worldwide.(134) In Europe, 

cardiovascular diseases account for 45% of all deaths in women, with central and 

eastern European countries having the largest burden of cardiovascular diseases 

globally.(135, 136) Since the 1980s, there has been a declining trend in age-

standardized cardiovascular disease mortality risk in most European countries.(137, 
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138) In the Nordic countries, cardiovascular diseases are among the major diseases 

contributing to the disease burden.(139) In Norway, cardiovascular disease mortality 

has declined after 2009,(140) but remains as one of the most common causes of death 

in the recent years.(141)  

 

There are multiple risk factors contributing to the cardiovascular disease. One of the 

common risk factor of cardiovascular diseases include high blood pressure.(142) 

Another marker of cardiovascular disease is high cholesterol level (defined as ≥5.0 

mmol/L). Obesity is another contributing risk factor for cardiovascular disease.(143) 

Smoking and alcohol continue to be a major health concerns in the Nordic region. In 

2017, smoking alone was found to be responsible for 16% of the cardiovascular 

disease burden in the Nordic countries.(139) In Norway, a declining smoking trend 

has been observed among both men and women since 1973.(144) Further, studies 

have found that genetic factors significantly affect the risk factors of cardiovascular 

disease.(145-147) 

2.6 Factors affecting birthweight and the role of parity 

Several maternal and fetal factors are predictive of birthweight. Gestational age is the 

most important determinant of birthweight.(148) Birthweight increases with 

increasing gestational age.(149) Smoking habits and maternal BMI also affect 

birthweight and gestational age.(150, 151) Also, long and short inter-pregnancy 

interval have been linked to low birthweight in singletons,(152) however, to our 

knowledge, this has not been studied for twin pregnancies.  

There is a tendency for gestational age and birthweight to be repeated in the 

successive singleton births due to underlying pregnancy factors, that are not 

explained by prior adverse pregnancy outcomes or by factors that contribute to 

adverse outcomes in subsequent pregnancies.(153) Studies have found a parity effect 

on birthweight, that successive singleton babies are about 80-170 grams larger 
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compared to the birthweight of a first singleton baby. This has been shown in several 

populations.(154-157) However, the causes of this parity effect on birthweight remain 

unclear. Based on the studies in singleton pregnancies, the biological explanation for 

higher birthweight in subsequent pregnancy could be that structural changes in spiral 

and uterine arteries in subsequent pregnancy seem to provide better uterine 

capacity.(158-160) Pregnancy related changes in the cardiovascular system such as 

increased ventricular volume and cardiac output and decreased systemic vascular 

resistance may be incompletely reversed postpartum, which may result in a more 

favorable uterine environment in a subsequent singleton pregnancy.(161) Parous uteri 

have greater placental blood flow, which may allow more efficient oxygen and 

nutrient delivery to the fetus.(162, 163)  

In Norway, the mean birthweight for a newborn is about 3650 grams.(164) The mean 

birthweight of a twin fetus is about 2600 grams,(165) but the total birthweight of 

twins is greater as compared to a singleton birthweight. Exploring if this difference is 

linked to higher birthweight in the next singleton pregnancy could offer insight into 

the parity effect of birthweight. 

2.7 Inter-generational studies 

According to Debbie Lawlor, Sam Leary, and George David Smith, inter-

generational studies “are studies in which the relationship between characteristics 

obtained from family members from at least two different generations (e.g parents 

and offspring) are explored”.(20) Below is a brief summary of papers exploring 

adverse pregnancy outcomes across generations. 

2.7.1 Inter-generational studies in singletons 

Several studies have investigated familial patterns of recurrence of preeclampsia, 

preterm delivery, small for gestational age (SGA), breech delivery and intrauterine 

growth to determine the effect of maternal and fetal factors or genes, a shared 
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environment, or a combination of these factors on the risk of these adverse outcomes 

across generations.(166-172) In a Norwegian population, Lie and colleagues found 

that fetal genes from the father contributed to increased preeclampsia risk in the 

offspring.(166) Another study from the MBRN demonstrated that preeclampsia can 

be passed down through generations due to heritable traits carried by the maternal as 

well as the fetal genes.(173) Consistent to these results, a study from Sweden showed 

that preeclampsia is linked to family history on both the paternal and maternal 

side.(174) This study showed dominance of maternal genes, with variance of 

heritability estimated as 35% maternal genes, 20% fetal genes, 13% to the couple 

effect and remaining 32% to other effects.(174) Another Swedish study found that 

complete full sisters and mother-daughters shared a genetic component responsible 

for the development of preeclampsia and gestational hypertension, which was not 

found in half-sisters to both parents.(175) In Iceland, the prevalence of eclampsia and 

preeclampsia were increased for daughters born to eclamptic or preeclamptic mothers 

compared to daughters-in-law who were not exposed to preeclampsia.(176) In the 

United States, a study by Espin and colleagues demonstrated that men and women 

exposed in utero to preeclampsia had a 2-3-fold increased risk of developing 

preeclampsia in their later or partner’s later pregnancies.(177) Another inter-

generational study from the United States also demonstrated the role of fetal genes in 

triggering preeclampsia in offspring.(178)  

 

Early inter-generational registry studies on preterm birth observed no significant 

recurrence across generations.(167, 179, 180) However, later studies revealed that 

preterm delivery recurs across generations. Wilcox et al. found that preterm delivery 

across generation seems to be transmitted through the mothers.(170) It has also been 

found that increasing paternal birthweight seem to be linked to an increased risk of 

preterm birth when the mother herself was born small.(181) Another study also 

confirmed that preterm-born women but not men were at increased risk of having 

preterm offsprings.(182) Moreover, women born SGA were at higher risk of 

placental abruption, preeclampsia and preterm birth in Sweden.(183) Another inter-
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generational study found a higher risk of perinatal death in offspring born to very 

preterm mother or mothers with birthweight below 2000 grams in Norway.(184) In 

the United Kingdom, women who were born spontaneously preterm or had siblings 

who were preterm were likely to have spontaneous preterm delivery.(185) In 

Norway, other complications have also been explored in the inter-generational 

context such as stillbirths being more frequent in offspring born to diabetic mothers 

(186) and longer pregnancy duration at own birth was associated with having 

offspring with pregnancies of long duration.(187, 188) These inter-generational 

studies have been valuable in understanding whether the underlying etiology of 

adverse pregnancy outcomes are transmitted across generations.  

2.7.2 Inter-generational studies in twins 

Twin-born offspring or women giving birth to twins have received little attention in 

the context of inter-generational research. In 1992, Emauel and colleagues published 

an inter-generational study involving twins. This study from the United Kingdom 

showed that twin-born women had offspring of about 700 grams lighter compared to 

birthweight of offspring’s to singleton-born women.(189) Another study from the 

Swedish twin registry also showed that twin-born women with higher birthweights 

gave birth to larger singletons in their later pregnancies.(190) Another study from 

Sweden using a large sample size found that the recurrence of preterm across 

generation was stronger for preterm singleton-born women compared to preterm 

twin-born women (aOR 1.39, 1.29-1.50 versus aOR 1.06, 0.79-1.44).(191) An earlier 

inter-generational study from Norway described that twin offspring were at increased 

risk of perinatal mortality if the mother was born preterm or growth restricted.(192) 

These studies suggest less recurrence of adverse outcomes across generations in twin-

born women. Twins are more exposed to preeclampsia in utero, however, to our 

knowledge, the recurrence of these outcomes in later reproduction have not been 

studied among twin-born women. 

Literature review was completed September 2023. 
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Literature review was completed September 2023. 
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3. Aims of the study 

The overall aim was to expand the understanding on how twin pregnancy was 

associated with different health outcomes for the women and for the offspring. 

Specifically, we investigated if women who deliver twins have different short-term 

(birthweight in the next singleton) and long-term health (cardiovascular disease 

mortality) outcomes compared to women who give birth to singletons. We also aimed 

to reveal if women born as twin have more adverse reproductive outcomes than 

women born as singletons. 

 

The specific aims were: 

 

Paper I. To estimate risk of long‐term cardiovascular disease mortality in women with 

naturally conceived twins compared to women with singleton pregnancies, accounting 

for lifetime number of pregnancies and pregnancy complications. 

 

Paper II. To compare birthweight in singleton pregnancies following a first twin 

relative to a first singleton pregnancy to get a better understanding of the general 

parity effect on birthweight. 

 

Paper III. To compare the risk of adverse pregnancy outcomes between twin-born and 

singleton-born women. We also evaluated whether in utero exposure to preeclampsia 

or preterm delivery affected adverse pregnancy outcomes (preeclampsia, preterm 

delivery and perinatal loss) in the next generation. 
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4. Materials and methods 

4.1 Study design 

All three studies were based on data from the population-based national registries of 

Norway: MBRN and in paper I we also used data from the Norwegian Cause of 

Death registry. In paper I and II, we used sibling-linked data, with mothers as the unit 

of analysis. In paper III, we used an inter-generational design, with women born as 

either twin or singleton as the unit of analysis. Papers I-III are registry-based cohort 

studies, with prospectively recorded pregnancy data from 1967-2020. 

4.2 Data sources 

4.2.1 Medical Birth Registry of Norway 

The MBRN is a national population-based registry established in 1967. The primary 

objective of the registry was to monitor birth abnormalities and perinatal health 

problems for early prevention, as well as to provide data for research on causes and 

consequences of pregnancy and birth.(193, 194) The register records all live births, 

stillbirths, and pregnancy losses from 16 gestational weeks onwards by mandatory 

notification regulated by Norwegian law.(195) The vast majority of births in Norway 

takes place in public hospitals and the proportion of live births captured by the 

MBRN is close to 100%. A standardized notification form is used by the attending 

midwife or obstetrician to prospectively record information on women’s health before 

and during pregnancy, the delivery and the immediate postpartum period, including 

demographic information, complications and interventions during delivery and infant 

outcomes. Data were recorded as free text until 1999; or by predefined variables or 

check boxes in addition to free text after 1999. Since 2006, a gradual transition to 

electronic birth notification took place (complete in 2014), and the notifications are 

now based on pre-specified extractions from the medical records at the delivery units.  

 

18 

 

4. Materials and methods 

4.1 Study design 

All three studies were based on data from the population-based national registries of 

Norway: MBRN and in paper I we also used data from the Norwegian Cause of 

Death registry. In paper I and II, we used sibling-linked data, with mothers as the unit 

of analysis. In paper III, we used an inter-generational design, with women born as 

either twin or singleton as the unit of analysis. Papers I-III are registry-based cohort 

studies, with prospectively recorded pregnancy data from 1967-2020. 

4.2 Data sources 

4.2.1 Medical Birth Registry of Norway 

The MBRN is a national population-based registry established in 1967. The primary 

objective of the registry was to monitor birth abnormalities and perinatal health 

problems for early prevention, as well as to provide data for research on causes and 

consequences of pregnancy and birth.(193, 194) The register records all live births, 

stillbirths, and pregnancy losses from 16 gestational weeks onwards by mandatory 

notification regulated by Norwegian law.(195) The vast majority of births in Norway 

takes place in public hospitals and the proportion of live births captured by the 

MBRN is close to 100%. A standardized notification form is used by the attending 

midwife or obstetrician to prospectively record information on women’s health before 

and during pregnancy, the delivery and the immediate postpartum period, including 

demographic information, complications and interventions during delivery and infant 

outcomes. Data were recorded as free text until 1999; or by predefined variables or 

check boxes in addition to free text after 1999. Since 2006, a gradual transition to 

electronic birth notification took place (complete in 2014), and the notifications are 

now based on pre-specified extractions from the medical records at the delivery units.  

 

18 

 

4. Materials and methods 

4.1 Study design 

All three studies were based on data from the population-based national registries of 

Norway: MBRN and in paper I we also used data from the Norwegian Cause of 

Death registry. In paper I and II, we used sibling-linked data, with mothers as the unit 

of analysis. In paper III, we used an inter-generational design, with women born as 

either twin or singleton as the unit of analysis. Papers I-III are registry-based cohort 

studies, with prospectively recorded pregnancy data from 1967-2020. 

4.2 Data sources 

4.2.1 Medical Birth Registry of Norway 

The MBRN is a national population-based registry established in 1967. The primary 

objective of the registry was to monitor birth abnormalities and perinatal health 

problems for early prevention, as well as to provide data for research on causes and 

consequences of pregnancy and birth.(193, 194) The register records all live births, 

stillbirths, and pregnancy losses from 16 gestational weeks onwards by mandatory 

notification regulated by Norwegian law.(195) The vast majority of births in Norway 

takes place in public hospitals and the proportion of live births captured by the 

MBRN is close to 100%. A standardized notification form is used by the attending 

midwife or obstetrician to prospectively record information on women’s health before 

and during pregnancy, the delivery and the immediate postpartum period, including 

demographic information, complications and interventions during delivery and infant 

outcomes. Data were recorded as free text until 1999; or by predefined variables or 

check boxes in addition to free text after 1999. Since 2006, a gradual transition to 

electronic birth notification took place (complete in 2014), and the notifications are 

now based on pre-specified extractions from the medical records at the delivery units.  

 

18 

 

4. Materials and methods 

4.1 Study design 

All three studies were based on data from the population-based national registries of 

Norway: MBRN and in paper I we also used data from the Norwegian Cause of 

Death registry. In paper I and II, we used sibling-linked data, with mothers as the unit 

of analysis. In paper III, we used an inter-generational design, with women born as 

either twin or singleton as the unit of analysis. Papers I-III are registry-based cohort 

studies, with prospectively recorded pregnancy data from 1967-2020. 

4.2 Data sources 

4.2.1 Medical Birth Registry of Norway 

The MBRN is a national population-based registry established in 1967. The primary 

objective of the registry was to monitor birth abnormalities and perinatal health 

problems for early prevention, as well as to provide data for research on causes and 

consequences of pregnancy and birth.(193, 194) The register records all live births, 

stillbirths, and pregnancy losses from 16 gestational weeks onwards by mandatory 

notification regulated by Norwegian law.(195) The vast majority of births in Norway 

takes place in public hospitals and the proportion of live births captured by the 

MBRN is close to 100%. A standardized notification form is used by the attending 

midwife or obstetrician to prospectively record information on women’s health before 

and during pregnancy, the delivery and the immediate postpartum period, including 

demographic information, complications and interventions during delivery and infant 

outcomes. Data were recorded as free text until 1999; or by predefined variables or 

check boxes in addition to free text after 1999. Since 2006, a gradual transition to 

electronic birth notification took place (complete in 2014), and the notifications are 

now based on pre-specified extractions from the medical records at the delivery units.  

 

18 

 

4. Materials and methods 

4.1 Study design 

All three studies were based on data from the population-based national registries of 

Norway: MBRN and in paper I we also used data from the Norwegian Cause of 

Death registry. In paper I and II, we used sibling-linked data, with mothers as the unit 

of analysis. In paper III, we used an inter-generational design, with women born as 

either twin or singleton as the unit of analysis. Papers I-III are registry-based cohort 

studies, with prospectively recorded pregnancy data from 1967-2020. 

4.2 Data sources 

4.2.1 Medical Birth Registry of Norway 

The MBRN is a national population-based registry established in 1967. The primary 

objective of the registry was to monitor birth abnormalities and perinatal health 

problems for early prevention, as well as to provide data for research on causes and 

consequences of pregnancy and birth.(193, 194) The register records all live births, 

stillbirths, and pregnancy losses from 16 gestational weeks onwards by mandatory 

notification regulated by Norwegian law.(195) The vast majority of births in Norway 

takes place in public hospitals and the proportion of live births captured by the 

MBRN is close to 100%. A standardized notification form is used by the attending 

midwife or obstetrician to prospectively record information on women’s health before 

and during pregnancy, the delivery and the immediate postpartum period, including 

demographic information, complications and interventions during delivery and infant 

outcomes. Data were recorded as free text until 1999; or by predefined variables or 

check boxes in addition to free text after 1999. Since 2006, a gradual transition to 

electronic birth notification took place (complete in 2014), and the notifications are 

now based on pre-specified extractions from the medical records at the delivery units.  

 

18 

 

4. Materials and methods 

4.1 Study design 

All three studies were based on data from the population-based national registries of 

Norway: MBRN and in paper I we also used data from the Norwegian Cause of 

Death registry. In paper I and II, we used sibling-linked data, with mothers as the unit 

of analysis. In paper III, we used an inter-generational design, with women born as 

either twin or singleton as the unit of analysis. Papers I-III are registry-based cohort 

studies, with prospectively recorded pregnancy data from 1967-2020. 

4.2 Data sources 

4.2.1 Medical Birth Registry of Norway 

The MBRN is a national population-based registry established in 1967. The primary 

objective of the registry was to monitor birth abnormalities and perinatal health 

problems for early prevention, as well as to provide data for research on causes and 

consequences of pregnancy and birth.(193, 194) The register records all live births, 

stillbirths, and pregnancy losses from 16 gestational weeks onwards by mandatory 

notification regulated by Norwegian law.(195) The vast majority of births in Norway 

takes place in public hospitals and the proportion of live births captured by the 

MBRN is close to 100%. A standardized notification form is used by the attending 

midwife or obstetrician to prospectively record information on women’s health before 

and during pregnancy, the delivery and the immediate postpartum period, including 

demographic information, complications and interventions during delivery and infant 

outcomes. Data were recorded as free text until 1999; or by predefined variables or 

check boxes in addition to free text after 1999. Since 2006, a gradual transition to 

electronic birth notification took place (complete in 2014), and the notifications are 

now based on pre-specified extractions from the medical records at the delivery units.  

 

18 

 

4. Materials and methods 

4.1 Study design 

All three studies were based on data from the population-based national registries of 

Norway: MBRN and in paper I we also used data from the Norwegian Cause of 

Death registry. In paper I and II, we used sibling-linked data, with mothers as the unit 

of analysis. In paper III, we used an inter-generational design, with women born as 

either twin or singleton as the unit of analysis. Papers I-III are registry-based cohort 

studies, with prospectively recorded pregnancy data from 1967-2020. 

4.2 Data sources 

4.2.1 Medical Birth Registry of Norway 

The MBRN is a national population-based registry established in 1967. The primary 

objective of the registry was to monitor birth abnormalities and perinatal health 

problems for early prevention, as well as to provide data for research on causes and 

consequences of pregnancy and birth.(193, 194) The register records all live births, 

stillbirths, and pregnancy losses from 16 gestational weeks onwards by mandatory 

notification regulated by Norwegian law.(195) The vast majority of births in Norway 

takes place in public hospitals and the proportion of live births captured by the 

MBRN is close to 100%. A standardized notification form is used by the attending 

midwife or obstetrician to prospectively record information on women’s health before 

and during pregnancy, the delivery and the immediate postpartum period, including 

demographic information, complications and interventions during delivery and infant 

outcomes. Data were recorded as free text until 1999; or by predefined variables or 

check boxes in addition to free text after 1999. Since 2006, a gradual transition to 

electronic birth notification took place (complete in 2014), and the notifications are 

now based on pre-specified extractions from the medical records at the delivery units.  

 

18 

 

4. Materials and methods 

4.1 Study design 

All three studies were based on data from the population-based national registries of 

Norway: MBRN and in paper I we also used data from the Norwegian Cause of 

Death registry. In paper I and II, we used sibling-linked data, with mothers as the unit 

of analysis. In paper III, we used an inter-generational design, with women born as 

either twin or singleton as the unit of analysis. Papers I-III are registry-based cohort 

studies, with prospectively recorded pregnancy data from 1967-2020. 

4.2 Data sources 

4.2.1 Medical Birth Registry of Norway 

The MBRN is a national population-based registry established in 1967. The primary 

objective of the registry was to monitor birth abnormalities and perinatal health 

problems for early prevention, as well as to provide data for research on causes and 

consequences of pregnancy and birth.(193, 194) The register records all live births, 

stillbirths, and pregnancy losses from 16 gestational weeks onwards by mandatory 

notification regulated by Norwegian law.(195) The vast majority of births in Norway 

takes place in public hospitals and the proportion of live births captured by the 

MBRN is close to 100%. A standardized notification form is used by the attending 

midwife or obstetrician to prospectively record information on women’s health before 

and during pregnancy, the delivery and the immediate postpartum period, including 

demographic information, complications and interventions during delivery and infant 

outcomes. Data were recorded as free text until 1999; or by predefined variables or 

check boxes in addition to free text after 1999. Since 2006, a gradual transition to 

electronic birth notification took place (complete in 2014), and the notifications are 

now based on pre-specified extractions from the medical records at the delivery units.  

 

18 

 

4. Materials and methods 

4.1 Study design 

All three studies were based on data from the population-based national registries of 

Norway: MBRN and in paper I we also used data from the Norwegian Cause of 

Death registry. In paper I and II, we used sibling-linked data, with mothers as the unit 

of analysis. In paper III, we used an inter-generational design, with women born as 

either twin or singleton as the unit of analysis. Papers I-III are registry-based cohort 

studies, with prospectively recorded pregnancy data from 1967-2020. 

4.2 Data sources 

4.2.1 Medical Birth Registry of Norway 

The MBRN is a national population-based registry established in 1967. The primary 

objective of the registry was to monitor birth abnormalities and perinatal health 

problems for early prevention, as well as to provide data for research on causes and 

consequences of pregnancy and birth.(193, 194) The register records all live births, 

stillbirths, and pregnancy losses from 16 gestational weeks onwards by mandatory 

notification regulated by Norwegian law.(195) The vast majority of births in Norway 

takes place in public hospitals and the proportion of live births captured by the 

MBRN is close to 100%. A standardized notification form is used by the attending 

midwife or obstetrician to prospectively record information on women’s health before 

and during pregnancy, the delivery and the immediate postpartum period, including 

demographic information, complications and interventions during delivery and infant 

outcomes. Data were recorded as free text until 1999; or by predefined variables or 

check boxes in addition to free text after 1999. Since 2006, a gradual transition to 

electronic birth notification took place (complete in 2014), and the notifications are 

now based on pre-specified extractions from the medical records at the delivery units.  



 

19 

 

 

Every live-born infant in Norway, as well as all immigrants who become Norwegian 

inhabitants, are provided with a unique national identification number by the National 

Population Register, enabling data record linkage across national registries. The 

MBRN is routinely matched with the National Population Register and receives all 

national identification numbers and all dates of death through this linkage.  

4.2.2 Norwegian Cause of Death Registry 

The Norwegian Cause of Death Registry collects death certificates verified by 

doctors. The causes of death are coded by the International Classification of Diseases 

(ICD) coding system. Since its establishment in 1925 until 2014, Statistics Norway 

had the responsibility for the statistics on causes of death. From 2014, the Norwegian 

Institute of Public Health became solely responsible for operating the registry. In 

paper I, we used data from the Norwegian Cause of Death Registry. 

4.2.3 Statistics Norway 

Statistics Norway (SSB) governs the official national statistics in the country. 

Education level of the study population was derived from the National Education 

database located at Statistics Norway. Information on highest educational attainment 

of women was used in papers I-III.  

4.2.4 The National Population Register 

The Norwegian Directorate of Taxes governs the National Population Register. For 

each newborn, except stillbirths, a unique 11-digit national identification number (ID) 

is generated. These 11 digits serves several purposes: the first 6 digits represents the 

person’s date of birth (DDMMYY), the next 3 digits contains a unique serial number 

of the newborn while the last 2 digits hold a control number for the previous 9 digits. 

Finally, to ensure the quality of the control; boys are provided an odd number while 

girls get an even number. The reporting of the birth information of the newborn to the 

MBRN includes the new ID number of the child in addition to the parents’ numbers. 
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Women’s country of birth used in Paper II are also available from the National 

Population Register. 

4.3 Study populations  

Paper I 

The study population in Paper I consisted of 974 892 women with their first pregnancy 

registered in the MBRN and cause of death registered in the Norwegian Cause of Death 

Registry. We studied the reproductive patterns of the women with first pregnancy 

registered between 1967 and 2013, followed to 2020. Our study population included 

women with i. only one twin pregnancy (n=5643); ii. only one singleton pregnancy 

(n=173 480); iii. only two singleton pregnancies (n=499 684); iv. a first twin pregnancy 

and continued reproduction (n=5604); v. a first singleton pregnancy and twins in later 

reproduction (n=16 712) and vi. three singleton pregnancies (n=273 769).  Inclusions 

and exclusions are presented in the flowchart below (Figure 4). Our focus in this paper 

were reproductive history including twins and comparable reproductive history of 

women with singletons. Other reproductive histories than these were not included in 

the study population. 
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Paper II 

In paper II we used data from women with their first and second pregnancies 

registered in the MBRN. The final study population consisted of 778 975 women 

with a subsequent singleton pregnancy of which 4849 had a first twin pregnancy and 

774 126 had a first singleton pregnancy (See flowchart in Figure 5).  
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Figure 5. Flowchart of the study population (Paper II).  
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Paper III 

The study population of paper III consisted of 502 078 twin- or singleton-born 

women with their reproduction registered in the MBRN. It is based on 9184 twin-

born women and 492 894 singleton-born women during 1967-2005, with their later 

singleton pregnancies during 1981-2020. Inclusions and exclusions are presented in 

the flowchart below (See Figure 6). 

 

Figure 6. Flowchart of the study population (Paper III) 

*Women who only had second or later pregnancies registered in the MBRN were excluded (such as first births outside Norway). 
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4.4 Variables and methods 

4.4.1 Exposures 

Lifetime reproductive history 

Lifetime reproductive history of women was the exposure variable in Paper I. As 

described above in the study population, we constructed a composite variable for 

lifetime reproductive history ascertained at the end of reproduction or 2020, with six 

mutually exclusive categories. The composite variable accounted for women’s total 

number of pregnancies, plurality status of the pregnancy and the sequence of 

pregnancy as recorded in the MBRN. 

 

Table 1. Categories of reproductive history of women with a first twin or singleton 

pregnancy used in Paper I. 

 The exposure variable showing various categories of women’s reproductive history 

Source 

exposure 

variable 

 i. Women 

with only 

one twin 

pregnancy 

ii. Women 

with only 

one 

singleton 

pregnancy 

iii. Women 

with two 

singleton 

pregnancies 

iv. Women 

with first twin 

pregnancy and 

continued 

reproduction 

v. Women with 

first singleton 

pregnancy and 

twins in laterb 

reproduction 

vi. Women 

with three 

singleton 

pregnancies 

Number of 

pregnancies 

1 √ √     

2   √    

≥2    √ √ √ 

Plurality Twins √   √ √  

Singleton  √ √   √ 

Sequence 

of Plurality 

First 

twin 

√   √   

First 

singleton 

 √   √ √ 

bWomen with a twin pregnancy either in second, third or fourth pregnancy. 

 

We further stratified the six exposure categories by occurrence of any of the adverse 

pregnancy outcomes: preeclampsia, preterm delivery or perinatal loss giving us 12 

exclusive exposure categories.  
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Preeclampsia 

Preeclampsia is based on the clinical criteria applied by the Norwegian Society of 

Gynecology and Obstetrics,(196) aligned with the criteria recommended by the 

American College of Obstetricians and Gynecologists.(197) The definition of 

preeclampsia in the MBRN has changed somewhat over time in accordance with the 

update of the clinical criteria by the Norwegian Society of Gynecology and 

Obstetrics.(196, 198) The core criteria, throughout the study period has though been 

increased blood pressure to at least 140 systolic or 90 mmHg diastolic combined with 

proteinuria (protein excretion of ≥0.3 g/24 h or ≥1+ on dip-stick) after 20 weeks of 

gestation. In our analyses, preeclampsia included preeclampsia, HELLP syndrome 

(hemolysis, elevated liver enzymes and low platelet levels), eclampsia, as well as 

chronic hypertension with superimposed preeclampsia. Preeclampsia cases have been 

registered in the standardized notification form either as free text or, since 1999, by 

check box in the MBRN. 

 

Perinatal loss  

We defined perinatal loss as any fetal loss registered in the MBRN after 16 

gestational weeks and neonatal deaths during the first week after birth (one or both 

infants in case of twin pregnancies). 

  

Plurality of the first pregnancy 

In the MBRN, number of children born to woman in each pregnancy is indicated. In 

papers I and II, the plurality of the first pregnancy was determined by the type of 

pregnancy, twin or singleton at birth (excluding higher order births such as triplets etc.). 

 

Birthweight 

Offspring birthweight has been measured at the time of delivery and recorded in 

grams in the MBRN. Distribution of birthweights in first and subsequent singleton 

pregnancies were plotted using categories of absolute grams (ranging from 500-7249 

grams). In first-born twin pregnancies we used combined birthweights of twin pairs 
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and for singleton we used individual infant weights to describe birthweight 

distributions. 

 

Gestational age 

Gestational age estimates were based on reported last menstrual period. Ultrasound 

based estimates have been recorded in the MBRN from 1999, and were used, for 

women with missing information on last menstrual period or with a difference 

between ultrasound-based estimate and last menstrual period estimates of more than 

10 days. 

 

Preterm delivery  

Preterm delivery was defined as births before 37 completed weeks of gestation. We 

used the same definition of preterm delivery in all three papers. 

 

Z-score 

Z-scores for birthweight by gestational age were based on a Norwegian 

standards.(149)  

 

Inter-pregnancy interval 

Inter-pregnancy interval was calculated as the date of the subsequent delivery minus 
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birth. Based on this plurality status at birth, women were followed for their later 

reproduction. 
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In-utero exposure to adverse pregnancy outcomes 

We also explored possible modification by in utero exposure to adverse pregnancy 

outcomes: preeclampsia or preterm delivery among twin-born versus singleton-born 

women in paper III. The definition of preeclampsia and preterm delivery was similar 

as already defined above. 

4.4.2 Outcomes 

Paper I 

The main outcome of interest was Atherosclerotic Cardiovascular Disease (ASCVD) 

mortality defined as death from ischaemic heart disease or cerebrovascular disease or 

peripheral arterial disease (PAD) in women before 70 years of age. We used codes 

from the International Statistical Classification of Diseases and Related Health 

Problems (ICD) to define ASCVD. The codes from ICD 8th, 9th and 10th revisions 

were: a. Ischaemic heart disease: I20-I25 (ICD-10), 410-414 (ICD 8 and 9), b. 

Cerebrovascular disease: I60-I69 (ICD-10), 430-438 (ICD 8 and 9) and c. Peripheral 

arterial disease: I70-I72, I74 (ICD-10), 440-444 (ICD 8 and 9). In addition, in a 

sensitivity analyses we used more expansive definition of CVD. This extended CVD 

definition included in addition to ASCVD, hypertensive heart disease: I10-I15 (ICD-

10), 400-405 (ICD 8 and 9) and cardiomyopathy: I42 (ICD-10), 425 (ICD 8 and 9). 

 

Paper II 

The main outcome of interest was birthweight (grams) in the subsequent singleton 

pregnancy after a first twin or singleton pregnancy. 

 

Paper III 

The main outcomes of interest were preeclampsia, preterm delivery and perinatal loss 

in any pregnancy to twin-born compared with singleton-born women.  

 

27 

 

In-utero exposure to adverse pregnancy outcomes 

We also explored possible modification by in utero exposure to adverse pregnancy 

outcomes: preeclampsia or preterm delivery among twin-born versus singleton-born 

women in paper III. The definition of preeclampsia and preterm delivery was similar 

as already defined above. 

4.4.2 Outcomes 

Paper I 

The main outcome of interest was Atherosclerotic Cardiovascular Disease (ASCVD) 

mortality defined as death from ischaemic heart disease or cerebrovascular disease or 

peripheral arterial disease (PAD) in women before 70 years of age. We used codes 

from the International Statistical Classification of Diseases and Related Health 

Problems (ICD) to define ASCVD. The codes from ICD 8th, 9th and 10th revisions 

were: a. Ischaemic heart disease: I20-I25 (ICD-10), 410-414 (ICD 8 and 9), b. 

Cerebrovascular disease: I60-I69 (ICD-10), 430-438 (ICD 8 and 9) and c. Peripheral 

arterial disease: I70-I72, I74 (ICD-10), 440-444 (ICD 8 and 9). In addition, in a 

sensitivity analyses we used more expansive definition of CVD. This extended CVD 

definition included in addition to ASCVD, hypertensive heart disease: I10-I15 (ICD-

10), 400-405 (ICD 8 and 9) and cardiomyopathy: I42 (ICD-10), 425 (ICD 8 and 9). 

 

Paper II 

The main outcome of interest was birthweight (grams) in the subsequent singleton 

pregnancy after a first twin or singleton pregnancy. 

 

Paper III 

The main outcomes of interest were preeclampsia, preterm delivery and perinatal loss 

in any pregnancy to twin-born compared with singleton-born women.  

 

27 

 

In-utero exposure to adverse pregnancy outcomes 

We also explored possible modification by in utero exposure to adverse pregnancy 

outcomes: preeclampsia or preterm delivery among twin-born versus singleton-born 

women in paper III. The definition of preeclampsia and preterm delivery was similar 

as already defined above. 

4.4.2 Outcomes 

Paper I 

The main outcome of interest was Atherosclerotic Cardiovascular Disease (ASCVD) 

mortality defined as death from ischaemic heart disease or cerebrovascular disease or 

peripheral arterial disease (PAD) in women before 70 years of age. We used codes 

from the International Statistical Classification of Diseases and Related Health 

Problems (ICD) to define ASCVD. The codes from ICD 8th, 9th and 10th revisions 

were: a. Ischaemic heart disease: I20-I25 (ICD-10), 410-414 (ICD 8 and 9), b. 

Cerebrovascular disease: I60-I69 (ICD-10), 430-438 (ICD 8 and 9) and c. Peripheral 

arterial disease: I70-I72, I74 (ICD-10), 440-444 (ICD 8 and 9). In addition, in a 

sensitivity analyses we used more expansive definition of CVD. This extended CVD 

definition included in addition to ASCVD, hypertensive heart disease: I10-I15 (ICD-

10), 400-405 (ICD 8 and 9) and cardiomyopathy: I42 (ICD-10), 425 (ICD 8 and 9). 

 

Paper II 

The main outcome of interest was birthweight (grams) in the subsequent singleton 

pregnancy after a first twin or singleton pregnancy. 

 

Paper III 

The main outcomes of interest were preeclampsia, preterm delivery and perinatal loss 

in any pregnancy to twin-born compared with singleton-born women.  

 

27 

 

In-utero exposure to adverse pregnancy outcomes 

We also explored possible modification by in utero exposure to adverse pregnancy 

outcomes: preeclampsia or preterm delivery among twin-born versus singleton-born 

women in paper III. The definition of preeclampsia and preterm delivery was similar 

as already defined above. 

4.4.2 Outcomes 

Paper I 

The main outcome of interest was Atherosclerotic Cardiovascular Disease (ASCVD) 

mortality defined as death from ischaemic heart disease or cerebrovascular disease or 

peripheral arterial disease (PAD) in women before 70 years of age. We used codes 

from the International Statistical Classification of Diseases and Related Health 

Problems (ICD) to define ASCVD. The codes from ICD 8th, 9th and 10th revisions 

were: a. Ischaemic heart disease: I20-I25 (ICD-10), 410-414 (ICD 8 and 9), b. 

Cerebrovascular disease: I60-I69 (ICD-10), 430-438 (ICD 8 and 9) and c. Peripheral 

arterial disease: I70-I72, I74 (ICD-10), 440-444 (ICD 8 and 9). In addition, in a 

sensitivity analyses we used more expansive definition of CVD. This extended CVD 

definition included in addition to ASCVD, hypertensive heart disease: I10-I15 (ICD-

10), 400-405 (ICD 8 and 9) and cardiomyopathy: I42 (ICD-10), 425 (ICD 8 and 9). 

 

Paper II 

The main outcome of interest was birthweight (grams) in the subsequent singleton 

pregnancy after a first twin or singleton pregnancy. 

 

Paper III 

The main outcomes of interest were preeclampsia, preterm delivery and perinatal loss 

in any pregnancy to twin-born compared with singleton-born women.  

 

27 

 

In-utero exposure to adverse pregnancy outcomes 

We also explored possible modification by in utero exposure to adverse pregnancy 

outcomes: preeclampsia or preterm delivery among twin-born versus singleton-born 

women in paper III. The definition of preeclampsia and preterm delivery was similar 

as already defined above. 

4.4.2 Outcomes 

Paper I 

The main outcome of interest was Atherosclerotic Cardiovascular Disease (ASCVD) 

mortality defined as death from ischaemic heart disease or cerebrovascular disease or 

peripheral arterial disease (PAD) in women before 70 years of age. We used codes 

from the International Statistical Classification of Diseases and Related Health 

Problems (ICD) to define ASCVD. The codes from ICD 8th, 9th and 10th revisions 

were: a. Ischaemic heart disease: I20-I25 (ICD-10), 410-414 (ICD 8 and 9), b. 

Cerebrovascular disease: I60-I69 (ICD-10), 430-438 (ICD 8 and 9) and c. Peripheral 

arterial disease: I70-I72, I74 (ICD-10), 440-444 (ICD 8 and 9). In addition, in a 

sensitivity analyses we used more expansive definition of CVD. This extended CVD 

definition included in addition to ASCVD, hypertensive heart disease: I10-I15 (ICD-

10), 400-405 (ICD 8 and 9) and cardiomyopathy: I42 (ICD-10), 425 (ICD 8 and 9). 

 

Paper II 

The main outcome of interest was birthweight (grams) in the subsequent singleton 

pregnancy after a first twin or singleton pregnancy. 

 

Paper III 

The main outcomes of interest were preeclampsia, preterm delivery and perinatal loss 

in any pregnancy to twin-born compared with singleton-born women.  

 

27 

 

In-utero exposure to adverse pregnancy outcomes 

We also explored possible modification by in utero exposure to adverse pregnancy 

outcomes: preeclampsia or preterm delivery among twin-born versus singleton-born 

women in paper III. The definition of preeclampsia and preterm delivery was similar 

as already defined above. 

4.4.2 Outcomes 

Paper I 

The main outcome of interest was Atherosclerotic Cardiovascular Disease (ASCVD) 

mortality defined as death from ischaemic heart disease or cerebrovascular disease or 

peripheral arterial disease (PAD) in women before 70 years of age. We used codes 

from the International Statistical Classification of Diseases and Related Health 

Problems (ICD) to define ASCVD. The codes from ICD 8th, 9th and 10th revisions 

were: a. Ischaemic heart disease: I20-I25 (ICD-10), 410-414 (ICD 8 and 9), b. 

Cerebrovascular disease: I60-I69 (ICD-10), 430-438 (ICD 8 and 9) and c. Peripheral 

arterial disease: I70-I72, I74 (ICD-10), 440-444 (ICD 8 and 9). In addition, in a 

sensitivity analyses we used more expansive definition of CVD. This extended CVD 

definition included in addition to ASCVD, hypertensive heart disease: I10-I15 (ICD-

10), 400-405 (ICD 8 and 9) and cardiomyopathy: I42 (ICD-10), 425 (ICD 8 and 9). 

 

Paper II 

The main outcome of interest was birthweight (grams) in the subsequent singleton 

pregnancy after a first twin or singleton pregnancy. 

 

Paper III 

The main outcomes of interest were preeclampsia, preterm delivery and perinatal loss 

in any pregnancy to twin-born compared with singleton-born women.  

 

27 

 

In-utero exposure to adverse pregnancy outcomes 

We also explored possible modification by in utero exposure to adverse pregnancy 

outcomes: preeclampsia or preterm delivery among twin-born versus singleton-born 

women in paper III. The definition of preeclampsia and preterm delivery was similar 

as already defined above. 

4.4.2 Outcomes 

Paper I 

The main outcome of interest was Atherosclerotic Cardiovascular Disease (ASCVD) 

mortality defined as death from ischaemic heart disease or cerebrovascular disease or 

peripheral arterial disease (PAD) in women before 70 years of age. We used codes 

from the International Statistical Classification of Diseases and Related Health 

Problems (ICD) to define ASCVD. The codes from ICD 8th, 9th and 10th revisions 

were: a. Ischaemic heart disease: I20-I25 (ICD-10), 410-414 (ICD 8 and 9), b. 

Cerebrovascular disease: I60-I69 (ICD-10), 430-438 (ICD 8 and 9) and c. Peripheral 

arterial disease: I70-I72, I74 (ICD-10), 440-444 (ICD 8 and 9). In addition, in a 

sensitivity analyses we used more expansive definition of CVD. This extended CVD 

definition included in addition to ASCVD, hypertensive heart disease: I10-I15 (ICD-

10), 400-405 (ICD 8 and 9) and cardiomyopathy: I42 (ICD-10), 425 (ICD 8 and 9). 

 

Paper II 

The main outcome of interest was birthweight (grams) in the subsequent singleton 

pregnancy after a first twin or singleton pregnancy. 

 

Paper III 

The main outcomes of interest were preeclampsia, preterm delivery and perinatal loss 

in any pregnancy to twin-born compared with singleton-born women.  

 

27 

 

In-utero exposure to adverse pregnancy outcomes 

We also explored possible modification by in utero exposure to adverse pregnancy 

outcomes: preeclampsia or preterm delivery among twin-born versus singleton-born 

women in paper III. The definition of preeclampsia and preterm delivery was similar 

as already defined above. 

4.4.2 Outcomes 

Paper I 

The main outcome of interest was Atherosclerotic Cardiovascular Disease (ASCVD) 

mortality defined as death from ischaemic heart disease or cerebrovascular disease or 

peripheral arterial disease (PAD) in women before 70 years of age. We used codes 

from the International Statistical Classification of Diseases and Related Health 

Problems (ICD) to define ASCVD. The codes from ICD 8th, 9th and 10th revisions 

were: a. Ischaemic heart disease: I20-I25 (ICD-10), 410-414 (ICD 8 and 9), b. 

Cerebrovascular disease: I60-I69 (ICD-10), 430-438 (ICD 8 and 9) and c. Peripheral 

arterial disease: I70-I72, I74 (ICD-10), 440-444 (ICD 8 and 9). In addition, in a 

sensitivity analyses we used more expansive definition of CVD. This extended CVD 

definition included in addition to ASCVD, hypertensive heart disease: I10-I15 (ICD-

10), 400-405 (ICD 8 and 9) and cardiomyopathy: I42 (ICD-10), 425 (ICD 8 and 9). 

 

Paper II 

The main outcome of interest was birthweight (grams) in the subsequent singleton 

pregnancy after a first twin or singleton pregnancy. 

 

Paper III 

The main outcomes of interest were preeclampsia, preterm delivery and perinatal loss 

in any pregnancy to twin-born compared with singleton-born women.  

 

27 

 

In-utero exposure to adverse pregnancy outcomes 

We also explored possible modification by in utero exposure to adverse pregnancy 

outcomes: preeclampsia or preterm delivery among twin-born versus singleton-born 

women in paper III. The definition of preeclampsia and preterm delivery was similar 

as already defined above. 

4.4.2 Outcomes 

Paper I 

The main outcome of interest was Atherosclerotic Cardiovascular Disease (ASCVD) 

mortality defined as death from ischaemic heart disease or cerebrovascular disease or 

peripheral arterial disease (PAD) in women before 70 years of age. We used codes 

from the International Statistical Classification of Diseases and Related Health 

Problems (ICD) to define ASCVD. The codes from ICD 8th, 9th and 10th revisions 

were: a. Ischaemic heart disease: I20-I25 (ICD-10), 410-414 (ICD 8 and 9), b. 

Cerebrovascular disease: I60-I69 (ICD-10), 430-438 (ICD 8 and 9) and c. Peripheral 

arterial disease: I70-I72, I74 (ICD-10), 440-444 (ICD 8 and 9). In addition, in a 

sensitivity analyses we used more expansive definition of CVD. This extended CVD 

definition included in addition to ASCVD, hypertensive heart disease: I10-I15 (ICD-

10), 400-405 (ICD 8 and 9) and cardiomyopathy: I42 (ICD-10), 425 (ICD 8 and 9). 

 

Paper II 

The main outcome of interest was birthweight (grams) in the subsequent singleton 

pregnancy after a first twin or singleton pregnancy. 

 

Paper III 

The main outcomes of interest were preeclampsia, preterm delivery and perinatal loss 

in any pregnancy to twin-born compared with singleton-born women.  



 

28 

 

4.4.3 Potential confounding factors 

In paper I, the covariates were obtained from the MBRN except information on 

women’s education. The covariates used were year of first delivery, mother’s age at 

first birth (in years), and chronic medical conditions available in the MBRN (type 1 

or type 2 diabetes mellitus, hypertension, kidney disease and rheumatoid arthritis). 

We tried to account for the confounding cohort effect on the exposure, (both twin or 

singleton pregnancy and parity), and on the outcome (cardiovascular disease 

mortality) by controlling for age and the year of first delivery. Also, chronic medical 

conditions are likely to influence the number of pregnancies and the chance of dying 

early due to cardiovascular disease in later life. Educational attainment was another 

potential confounder controlled as a categorical variable in our data. Education was 

used as a proxy for socioeconomic position. In Norway, education is shown as an 

indicator of both the family size and later life risk of cardiovascular disease 

mortality.(98) 

 

In paper II, we adjusted for possible confounding variables available in our data that 

could affect plurality in the first pregnancy and birthweight in the subsequent: year of 

first delivery (categorized: 1967-1976; 1977-1986; 1987-1996; 1997-2006 and 2007-

2020) and mother’s age at first delivery (in years: ≤19; 20-25; 26-30; 31-35 and >35). 

Mother's BMI could potentially confound our results. Information on BMI was not 

available for the full study period; however, it is related to maternal education,(199) 

and we also adjusted for highest level of maternal education (<11 years, 11-13 years 

and >=14 years). It is known that twin pregnancies and consequently birthweight 

varies depending on geographical location.(30, 200, 201) To account for this 

variation, we controlled for women’s country of birth as a potential confounder 

(categorized as Nordic: women born in Norway, Finland, Sweden, Denmark and 

Iceland;  non-Nordic: women born outside the Nordic countries). 
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In Paper III, estimates were adjusted for the decade of the twin-born or singleton-

born women’s birth (categorized:1967-1969, 1970-1979, 1980-1989, 1990-1999 and 

2000-2005), and their mother’s educational attainment through 2020 (categorized as 

<11, 11-13 and ≥14 years) which are likely to affect the exposure and the outcome. In 

a sensitivity analyses, we further accounted for total number of pregnancies to 

women (categorized as 1, 2, 3+ registered in the MBRN through 2020), and her own 

educational attainment through 2020 (categorized as <11, 11-13 and ≥14 years). 

Women’s total number of pregnancies was included to capture the “opportunity” to 

have adverse outcomes which increases with increasing number of pregnancies. 

Education was used as a surrogate for behavioural factors (smoking, BMI etc) which 

may “transmit” through generations but were only recently added to the MBRN.  

4.4.4 Exclusions 

Pregnancies conceived by ART were excluded from the main analyses in papers I 

and II. Infertility/subfertility are associated with reproductive patterns and could be 

associated with underlying factors predisposing to cardiovascular disease.(202, 203) 

Also pregnancies conceived by ART are more likely to have twins. Additionally, 

there is time-dependent missing data for ART.  ART started in Norway in 1982 but 

systematic reporting of ART to the MBRN only started in 1988. In our study 

population, we have included mothers who have given birth since 1967. In paper I we 

also performed sensitivity analysis including women with ART, which however did 

not change our main results. We also excluded women with any higher order 

multifetal pregnancies (≥3 fetuses), as these pregnancies are both fewer in number 

and may be associated with specific obstetric challenges. 

Further, in paper I, we excluded women with other reproductive patterns than the six 

defined as our exposure variable. Such as women with four singleton pregnancies 

(n=63 756). In paper II, we excluded women who gave birth before gestational week 

22 or after 44 weeks or had implausible birthweight by gestational age z-score <-5 

and >5. In paper III, we excluded women born in higher order pregnancies (>2 
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fetuses) and women who only had second or later pregnancies registered in the 

MBRN (such as first births outside Norway or who started their reproduction before 

1967). We only included singleton pregnancies to twin-born and singleton-born 

women. 

4.5 Statistical analysis 

All statistical analyses were performed using STATA version 17 (Paper I) and 

version 18 (Papers II and III), StataCorp LLC, College Station, Texas. 

Paper I 

Descriptive characteristics of women’s first pregnancy were presented as frequencies, 

proportions and percentages. We used Cox proportional hazard regression models to 

estimate hazard ratios with 95% CIs for ASCVD mortality by six reproductive history 

categories. We used maternal age as the underlying time variable in the cox models. 

Women were considered at risk of death from the age of their last pregnancy and 

censored at death, age 70, or when follow-up ended in 2020, whichever came first. 

Models were adjusted for: age at first birth, year of first birth, maternal education, 

and chronic medical conditions.  

 

Paper II  

Descriptive baseline characteristics of women were presented as means with standard 

deviations (SD) for continuous variables and as numbers (n) and percentage (%) for 

categorical variables. We evaluated the association between twin or singleton status 

of the first pregnancy and birthweight for subsequent singleton pregnancies as a 

continuous outcome by linear regression models. We also adjusted for the possible 

confounders: maternal age at first delivery, year of first delivery, maternal education 

and country of birth. Plots were used to visualize the distribution of birthweight in the 

subsequent singleton pregnancy after a first twin or singleton pregnancy. Differences 

in length of inter-pregnancy intervals and birthweight at different intervals were also 

 

30 

 

fetuses) and women who only had second or later pregnancies registered in the 

MBRN (such as first births outside Norway or who started their reproduction before 

1967). We only included singleton pregnancies to twin-born and singleton-born 

women. 

4.5 Statistical analysis 

All statistical analyses were performed using STATA version 17 (Paper I) and 

version 18 (Papers II and III), StataCorp LLC, College Station, Texas. 

Paper I 

Descriptive characteristics of women’s first pregnancy were presented as frequencies, 

proportions and percentages. We used Cox proportional hazard regression models to 

estimate hazard ratios with 95% CIs for ASCVD mortality by six reproductive history 

categories. We used maternal age as the underlying time variable in the cox models. 

Women were considered at risk of death from the age of their last pregnancy and 

censored at death, age 70, or when follow-up ended in 2020, whichever came first. 

Models were adjusted for: age at first birth, year of first birth, maternal education, 

and chronic medical conditions.  

 

Paper II  

Descriptive baseline characteristics of women were presented as means with standard 

deviations (SD) for continuous variables and as numbers (n) and percentage (%) for 

categorical variables. We evaluated the association between twin or singleton status 

of the first pregnancy and birthweight for subsequent singleton pregnancies as a 

continuous outcome by linear regression models. We also adjusted for the possible 

confounders: maternal age at first delivery, year of first delivery, maternal education 

and country of birth. Plots were used to visualize the distribution of birthweight in the 

subsequent singleton pregnancy after a first twin or singleton pregnancy. Differences 

in length of inter-pregnancy intervals and birthweight at different intervals were also 

 

30 

 

fetuses) and women who only had second or later pregnancies registered in the 

MBRN (such as first births outside Norway or who started their reproduction before 

1967). We only included singleton pregnancies to twin-born and singleton-born 

women. 

4.5 Statistical analysis 

All statistical analyses were performed using STATA version 17 (Paper I) and 

version 18 (Papers II and III), StataCorp LLC, College Station, Texas. 

Paper I 

Descriptive characteristics of women’s first pregnancy were presented as frequencies, 

proportions and percentages. We used Cox proportional hazard regression models to 

estimate hazard ratios with 95% CIs for ASCVD mortality by six reproductive history 

categories. We used maternal age as the underlying time variable in the cox models. 

Women were considered at risk of death from the age of their last pregnancy and 

censored at death, age 70, or when follow-up ended in 2020, whichever came first. 

Models were adjusted for: age at first birth, year of first birth, maternal education, 

and chronic medical conditions.  

 

Paper II  

Descriptive baseline characteristics of women were presented as means with standard 

deviations (SD) for continuous variables and as numbers (n) and percentage (%) for 

categorical variables. We evaluated the association between twin or singleton status 

of the first pregnancy and birthweight for subsequent singleton pregnancies as a 

continuous outcome by linear regression models. We also adjusted for the possible 

confounders: maternal age at first delivery, year of first delivery, maternal education 

and country of birth. Plots were used to visualize the distribution of birthweight in the 

subsequent singleton pregnancy after a first twin or singleton pregnancy. Differences 

in length of inter-pregnancy intervals and birthweight at different intervals were also 

 

30 

 

fetuses) and women who only had second or later pregnancies registered in the 

MBRN (such as first births outside Norway or who started their reproduction before 

1967). We only included singleton pregnancies to twin-born and singleton-born 

women. 

4.5 Statistical analysis 

All statistical analyses were performed using STATA version 17 (Paper I) and 

version 18 (Papers II and III), StataCorp LLC, College Station, Texas. 

Paper I 

Descriptive characteristics of women’s first pregnancy were presented as frequencies, 

proportions and percentages. We used Cox proportional hazard regression models to 

estimate hazard ratios with 95% CIs for ASCVD mortality by six reproductive history 

categories. We used maternal age as the underlying time variable in the cox models. 

Women were considered at risk of death from the age of their last pregnancy and 

censored at death, age 70, or when follow-up ended in 2020, whichever came first. 

Models were adjusted for: age at first birth, year of first birth, maternal education, 

and chronic medical conditions.  

 

Paper II  

Descriptive baseline characteristics of women were presented as means with standard 

deviations (SD) for continuous variables and as numbers (n) and percentage (%) for 

categorical variables. We evaluated the association between twin or singleton status 

of the first pregnancy and birthweight for subsequent singleton pregnancies as a 

continuous outcome by linear regression models. We also adjusted for the possible 

confounders: maternal age at first delivery, year of first delivery, maternal education 

and country of birth. Plots were used to visualize the distribution of birthweight in the 

subsequent singleton pregnancy after a first twin or singleton pregnancy. Differences 

in length of inter-pregnancy intervals and birthweight at different intervals were also 

 

30 

 

fetuses) and women who only had second or later pregnancies registered in the 

MBRN (such as first births outside Norway or who started their reproduction before 

1967). We only included singleton pregnancies to twin-born and singleton-born 

women. 

4.5 Statistical analysis 

All statistical analyses were performed using STATA version 17 (Paper I) and 

version 18 (Papers II and III), StataCorp LLC, College Station, Texas. 

Paper I 

Descriptive characteristics of women’s first pregnancy were presented as frequencies, 

proportions and percentages. We used Cox proportional hazard regression models to 

estimate hazard ratios with 95% CIs for ASCVD mortality by six reproductive history 

categories. We used maternal age as the underlying time variable in the cox models. 

Women were considered at risk of death from the age of their last pregnancy and 

censored at death, age 70, or when follow-up ended in 2020, whichever came first. 

Models were adjusted for: age at first birth, year of first birth, maternal education, 

and chronic medical conditions.  

 

Paper II  

Descriptive baseline characteristics of women were presented as means with standard 

deviations (SD) for continuous variables and as numbers (n) and percentage (%) for 

categorical variables. We evaluated the association between twin or singleton status 

of the first pregnancy and birthweight for subsequent singleton pregnancies as a 

continuous outcome by linear regression models. We also adjusted for the possible 

confounders: maternal age at first delivery, year of first delivery, maternal education 

and country of birth. Plots were used to visualize the distribution of birthweight in the 

subsequent singleton pregnancy after a first twin or singleton pregnancy. Differences 

in length of inter-pregnancy intervals and birthweight at different intervals were also 

 

30 

 

fetuses) and women who only had second or later pregnancies registered in the 

MBRN (such as first births outside Norway or who started their reproduction before 

1967). We only included singleton pregnancies to twin-born and singleton-born 

women. 

4.5 Statistical analysis 

All statistical analyses were performed using STATA version 17 (Paper I) and 

version 18 (Papers II and III), StataCorp LLC, College Station, Texas. 

Paper I 

Descriptive characteristics of women’s first pregnancy were presented as frequencies, 

proportions and percentages. We used Cox proportional hazard regression models to 

estimate hazard ratios with 95% CIs for ASCVD mortality by six reproductive history 

categories. We used maternal age as the underlying time variable in the cox models. 

Women were considered at risk of death from the age of their last pregnancy and 

censored at death, age 70, or when follow-up ended in 2020, whichever came first. 

Models were adjusted for: age at first birth, year of first birth, maternal education, 

and chronic medical conditions.  

 

Paper II  

Descriptive baseline characteristics of women were presented as means with standard 

deviations (SD) for continuous variables and as numbers (n) and percentage (%) for 

categorical variables. We evaluated the association between twin or singleton status 

of the first pregnancy and birthweight for subsequent singleton pregnancies as a 

continuous outcome by linear regression models. We also adjusted for the possible 

confounders: maternal age at first delivery, year of first delivery, maternal education 

and country of birth. Plots were used to visualize the distribution of birthweight in the 

subsequent singleton pregnancy after a first twin or singleton pregnancy. Differences 

in length of inter-pregnancy intervals and birthweight at different intervals were also 

 

30 

 

fetuses) and women who only had second or later pregnancies registered in the 

MBRN (such as first births outside Norway or who started their reproduction before 

1967). We only included singleton pregnancies to twin-born and singleton-born 

women. 

4.5 Statistical analysis 

All statistical analyses were performed using STATA version 17 (Paper I) and 

version 18 (Papers II and III), StataCorp LLC, College Station, Texas. 

Paper I 

Descriptive characteristics of women’s first pregnancy were presented as frequencies, 

proportions and percentages. We used Cox proportional hazard regression models to 

estimate hazard ratios with 95% CIs for ASCVD mortality by six reproductive history 

categories. We used maternal age as the underlying time variable in the cox models. 

Women were considered at risk of death from the age of their last pregnancy and 

censored at death, age 70, or when follow-up ended in 2020, whichever came first. 

Models were adjusted for: age at first birth, year of first birth, maternal education, 

and chronic medical conditions.  

 

Paper II  

Descriptive baseline characteristics of women were presented as means with standard 

deviations (SD) for continuous variables and as numbers (n) and percentage (%) for 

categorical variables. We evaluated the association between twin or singleton status 

of the first pregnancy and birthweight for subsequent singleton pregnancies as a 

continuous outcome by linear regression models. We also adjusted for the possible 

confounders: maternal age at first delivery, year of first delivery, maternal education 

and country of birth. Plots were used to visualize the distribution of birthweight in the 

subsequent singleton pregnancy after a first twin or singleton pregnancy. Differences 

in length of inter-pregnancy intervals and birthweight at different intervals were also 

 

30 

 

fetuses) and women who only had second or later pregnancies registered in the 

MBRN (such as first births outside Norway or who started their reproduction before 

1967). We only included singleton pregnancies to twin-born and singleton-born 

women. 

4.5 Statistical analysis 

All statistical analyses were performed using STATA version 17 (Paper I) and 

version 18 (Papers II and III), StataCorp LLC, College Station, Texas. 

Paper I 

Descriptive characteristics of women’s first pregnancy were presented as frequencies, 

proportions and percentages. We used Cox proportional hazard regression models to 

estimate hazard ratios with 95% CIs for ASCVD mortality by six reproductive history 

categories. We used maternal age as the underlying time variable in the cox models. 

Women were considered at risk of death from the age of their last pregnancy and 

censored at death, age 70, or when follow-up ended in 2020, whichever came first. 

Models were adjusted for: age at first birth, year of first birth, maternal education, 

and chronic medical conditions.  

 

Paper II  

Descriptive baseline characteristics of women were presented as means with standard 

deviations (SD) for continuous variables and as numbers (n) and percentage (%) for 

categorical variables. We evaluated the association between twin or singleton status 

of the first pregnancy and birthweight for subsequent singleton pregnancies as a 

continuous outcome by linear regression models. We also adjusted for the possible 

confounders: maternal age at first delivery, year of first delivery, maternal education 

and country of birth. Plots were used to visualize the distribution of birthweight in the 

subsequent singleton pregnancy after a first twin or singleton pregnancy. Differences 

in length of inter-pregnancy intervals and birthweight at different intervals were also 

 

30 

 

fetuses) and women who only had second or later pregnancies registered in the 

MBRN (such as first births outside Norway or who started their reproduction before 

1967). We only included singleton pregnancies to twin-born and singleton-born 

women. 

4.5 Statistical analysis 

All statistical analyses were performed using STATA version 17 (Paper I) and 

version 18 (Papers II and III), StataCorp LLC, College Station, Texas. 

Paper I 

Descriptive characteristics of women’s first pregnancy were presented as frequencies, 

proportions and percentages. We used Cox proportional hazard regression models to 

estimate hazard ratios with 95% CIs for ASCVD mortality by six reproductive history 

categories. We used maternal age as the underlying time variable in the cox models. 

Women were considered at risk of death from the age of their last pregnancy and 

censored at death, age 70, or when follow-up ended in 2020, whichever came first. 

Models were adjusted for: age at first birth, year of first birth, maternal education, 

and chronic medical conditions.  

 

Paper II  

Descriptive baseline characteristics of women were presented as means with standard 

deviations (SD) for continuous variables and as numbers (n) and percentage (%) for 

categorical variables. We evaluated the association between twin or singleton status 

of the first pregnancy and birthweight for subsequent singleton pregnancies as a 

continuous outcome by linear regression models. We also adjusted for the possible 

confounders: maternal age at first delivery, year of first delivery, maternal education 

and country of birth. Plots were used to visualize the distribution of birthweight in the 

subsequent singleton pregnancy after a first twin or singleton pregnancy. Differences 

in length of inter-pregnancy intervals and birthweight at different intervals were also 



 

31 

 

explored visually using plots. Inter-pregnancy interval was expressed in each year 

increments initially but for graphical presentation of birthweight by inter-pregnancy 

interval, the longer inter-pregnancy intervals (> 3.9 years) were combined as 4-5.9, 6-

7.9, 8-9.9 and 10-11.9 years due to small numbers. 

Paper III 

The pregnancy characteristics of twin-born or singleton-born women were presented 

as frequencies, proportions and percentages. We used generalized linear models with 

log link binomial distribution to estimate RRs with 95% CIs for associations between 

twin-born women and later adverse pregnancy outcomes relative to singleton-born 

women adjusted for potential confounders: decade of women’s birth and maternal 

education. We used separate models for each outcome and each model used clustered 

standard errors to account for correlations between siblings. We also obtained 

stratified results based on in utero exposure to preeclampsia or preterm delivery and 

adverse outcomes in later pregnancies: preeclampsia, preterm delivery and perinatal 

loss as the main outcome. These results were presented using Knol and 

VanderWeelee’s recommended (204) methods for presenting RR. Further, E-values 

(205) were obtained for estimates with CIs outside 1 to assess the influence of 

unmeasured confounding. 

4.6 Missing information 

In general, missing data on the exposure and outcome variables were rare. In paper I, 

information on maternal age and year of birth of first child was complete in our study. 

Less than 1% of educational attainment was missing. In papers I and II, about 4% of 

the women’s gestational ages were missing in the first pregnancy. In paper II, also 

about 4% of the gestational age were missing in second singleton pregnancy. Less 

than 0.1% of the women did not have information on the country of birth.  
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4.7 Ethical considerations 

All the three papers included in this thesis are in accordance with the guidelines of 

the Declaration of Helsinki,(206) and comply with the Vancouver 

Recommendations.(207) All papers were based on de-identified, routine compulsory 

data and therefore individual consent was not necessary. The studies were approved 

by the Regional Committee for Medical Ethics Western Norway REC WEST 13818 

on July 1st 2020. 

  

We acknowledge our findings may be alarming for women concerned about their 

long-term health (Paper I). We are cautious about the language we use to explain our 

findings. While we do identify a population of women with higher risk of 

cardiovascular mortality before 70 years of age, we believe there is potential for 

preventive measure to reduce the risk for these women. 
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5. Summary of main results 

5.1 Paper I 

Women with a first twin pregnancy more often delivered preterm compared to 

women with a first singleton pregnancy (48% versus 6%). Preeclampsia (14% versus 

4%) and perinatal loss (6% versus 1%) were more frequent in women with a first 

twin pregnancy. A total of 42 182 women died before the age of 70 years during 

1967-2020, of which 5 699 (13.5%) died of cardiovascular related causes. 

Cardiovascular deaths (ASCVD) among women with twins in any pregnancy 

accounted for 2.8% of all cardiovascular deaths. 

 

Women with only one lifetime pregnancy, twin or singleton, had increased risk of 

ASCVD death (adjusted estimates aHR 1.72, 1.21-2.43 and aHR 1.92, 1.78-2.07, 

respectively), compared to women with three lifetime singleton pregnancies 

(reference group). Women with a first twin pregnancy and continued reproduction did 

not have increased risk of ASCVD death (aHR 0.76, 0.48-1.19) compared to the 

reference population. The aHRs for women with two lifetime singleton pregnancies 

and women with first singleton pregnancy and later twin pregnancies were 1.08 

(1.01-1.15) and 1.49 (1.22-1.81), respectively. The unadjusted estimates were slightly 

higher than the adjusted estimate, which was mostly driven by maternal age and 

education. 

 

When accounting for the presence of one or more pregnancy complications, women 

with only one lifetime pregnancy (twin and singleton) had substantially increased risk 

of dying from ASCVD (twin: aHR 2.36, 1.49-3.71 and singleton: aHR 3.56, 3.12-

4.06). Women with one lifetime pregnancy without complications also had an 

elevated risk of ASCVD death if the pregnancy was a singleton (aHR 1.99, 1.82-

2.17). The estimated risk of dying from ASCVD for women with one lifetime twin 

pregnancy without complications was aHR 1.57 (0.92-2.66). Women with a first twin 

 

35 

 

5. Summary of main results 

5.1 Paper I 

Women with a first twin pregnancy more often delivered preterm compared to 

women with a first singleton pregnancy (48% versus 6%). Preeclampsia (14% versus 

4%) and perinatal loss (6% versus 1%) were more frequent in women with a first 

twin pregnancy. A total of 42 182 women died before the age of 70 years during 

1967-2020, of which 5 699 (13.5%) died of cardiovascular related causes. 

Cardiovascular deaths (ASCVD) among women with twins in any pregnancy 

accounted for 2.8% of all cardiovascular deaths. 

 

Women with only one lifetime pregnancy, twin or singleton, had increased risk of 

ASCVD death (adjusted estimates aHR 1.72, 1.21-2.43 and aHR 1.92, 1.78-2.07, 

respectively), compared to women with three lifetime singleton pregnancies 

(reference group). Women with a first twin pregnancy and continued reproduction did 

not have increased risk of ASCVD death (aHR 0.76, 0.48-1.19) compared to the 

reference population. The aHRs for women with two lifetime singleton pregnancies 

and women with first singleton pregnancy and later twin pregnancies were 1.08 

(1.01-1.15) and 1.49 (1.22-1.81), respectively. The unadjusted estimates were slightly 

higher than the adjusted estimate, which was mostly driven by maternal age and 

education. 

 

When accounting for the presence of one or more pregnancy complications, women 

with only one lifetime pregnancy (twin and singleton) had substantially increased risk 

of dying from ASCVD (twin: aHR 2.36, 1.49-3.71 and singleton: aHR 3.56, 3.12-

4.06). Women with one lifetime pregnancy without complications also had an 

elevated risk of ASCVD death if the pregnancy was a singleton (aHR 1.99, 1.82-

2.17). The estimated risk of dying from ASCVD for women with one lifetime twin 

pregnancy without complications was aHR 1.57 (0.92-2.66). Women with a first twin 
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pregnancy and continued reproduction had a lower risk of future ASCVD with and 

without any complications (aHR 0.95, 0.55-1.64 versus 0.70, 0.31-1.56).  

 

In several sensitivity analyses, our results remained similar. To evaluate the 

robustness of our estimates, we restricted to women who had reached 40 years of age, 

we included women who conceived using ART, we restricted to women with 

pregnancies on or above 22 weeks as well as using an extended definition of CVD as 

outcome. 

5.2 Paper II 

The total mean birthweight for a twin pair was 4628 grams and 3444 grams for a 

singleton. For women whose first two births were singletons, mean birthweight 

increased by an average of 151 grams from first to second birth. The occurrence of 

preterm delivery and preeclampsia in the subsequent singleton pregnancies was 

similar for women with a first twin pregnancy or a first singleton pregnancy (4.5% 

versus 4.2% and 2.0% versus 2.0%, respectively). 

The mean birthweight in singleton offspring after a first twin pregnancy was 3621 

grams whereas singletons after a first singleton pregnancy was 3595 grams, resulting 

in a crude mean difference of 26 grams. The adjusted difference in mean birthweight 

in subsequent singletons among women with a first twin pregnancy compared to 

offspring of women with a first singleton was 21 grams (5.2-36.7). Further. there was 

no difference in the mean gestational age in the subsequent singleton pregnancy after 

a first twin or first singleton pregnancy (39.6 weeks versus and 39.7 weeks).  

We found a distinct pattern of offspring birthweights between a first twin pregnancy 

and a first singleton pregnancy. However, in the subsequent singleton pregnancy, the 

offspring birthweights distributions were almost similar. 
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5.3 Paper III 

When estimating the risk of adverse outcomes in twin- or singleton-born women’s 

own pregnancies, we found no increased risk for twin-born women: preeclampsia 

aRR 1.00 (0.93-1.09), preterm delivery aRR 0.96 (0.90-1.02) or perinatal loss aRR 

1.00 (0.84-1.18) compared with singleton-born women.  

Twin-born women delivered from a non-preeclamptic pregnancy had no increased 

risk of preeclampsia (aRR 0.98, 0.90-1.07), preterm delivery (aRR 0.97, 0.91-1.04) 

and perinatal loss (aRR 1.04, 0.87-1.24) compared with singleton-born women from 

non-preeclamptic pregnancies. The occurrence of preeclampsia was, however, more 
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6. Discussion 

6.1 Discussion of methods 

6.1.1 Study design 

Papers I, II and III were all based on population-based registry data derived from 

prospectively collected database on women’s complete reproductive history. The 

population-based registry data included every woman with a pregnancy above 16 

gestational weeks, providing all twin pregnancies in Norway within the study period. 

Our study population had a fair sample size of twin pregnancies followed up until 

death or the end of study period (2020). The population in Norway has been fairly 

stable (208) with low emigration among those born in Norway.(209) However, 

immigration has increased in the recent decades under study.(209) 

 

Paper I was based on a cohort of women characterized by their lifetime reproductive 

history and followed for cardiovascular disease mortality before 70 years of age. To 

ensure the complete reproductive history of women, we restricted our study group to 

women with their first pregnancy registered in the MBRN. Also, to allow for a 

second pregnancy within the study period, we limited inclusion of women with the 

first pregnancy before 2013. We evaluated the lifetime reproductive history for 

women with a twin pregnancy compared to women with a singleton pregnancy. As 

two or three pregnancies are a common family size in Norway,(210, 211) we also 

estimated the risk of cardiovascular disease mortality for women with this 

reproductive history. In our analysis, women with three singletons had lower 

cardiovascular disease mortality compared to women with two singleton pregnancies 

(4.82 versus 5.22 per thousand). Therefore, we selected women with three singletons 

as our reference group. We considered three pregnancies as a plausible stopping point 

for both twin and singleton first births, with two pregnancies for those who start with 

twins or three pregnancies for those who start with a singleton. A previous study in 
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the same population showed that cardiovascular disease mortality for women with 

two or three lifetime pregnancies was similar.(98)  

 

Paper II was based on a cohort of women with two consecutive pregnancies. Woman 

with either a first twin or singleton pregnancy and a subsequent singleton pregnancy 

contributed to the study. We focused on the parity effect on birthweight from first to 

second birth and not birthweight in later pregnancies because this sequence is when 

the increase in birthweight is largest. Also, we only included second singleton 

pregnancies for a homogeneous comparison in the outcome. We included women 

who gave birth within gestational age 22 and 44 weeks and birthweight by gestational 

age z-scores > -5 and < 5 to exclude implausible gestational age records. 

 

Paper III was based on a generation-linked data file. Twin- or singleton-born women 

during 1967-2005 contributed with their pregnancies registered in the MBRN during 

1981-2020. Using inter-generational data has a unique potential to investigate 

aetiology of pregnancy outcomes from one generation to the next. We accounted for 

the dependency between siblings by using clustered standard errors. CIs changed only 

by a few decimal values, when accounting for sibling correlations. The study design 

limited the study population to include only twin- or singleton-born women whose 

births were registered in the MBRN since 1967 and who themselves reproduced and 

had their own pregnancies registered in the MBRN. Women who themselves were 

not born in Norway were not part of the study population, leading to a more 

homogeneous study population. Though this will not be representative of the more 

ethnically diverse population of Norway today,(212) it has been argued that 

“statistical representativeness leads to particular statement about the world, not 

general statement about nature.”(213) Also, we restricted to singleton offspring to 

twin-born and singleton-born women to have a comparable outcome, which we 

believe have further strengthened the study design. 
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The benefits of registry data for research include their low cost, easy access, 

reliability, as well as the fact that they contain data collected over several decades 

that enable research on maternal long-term health as well as across generations.(193, 

214) The data containing mandatory notification of births are vital resources to study 

rare exposures and outcomes.(215, 216) Likewise, the linkage of the personal 

identification number between registries enable to design studies with long follow-up 

time to have a life course perspective.(217) On the other hand, the difficulty in 

drawing causal conclusions is an issue in observational studies.(215) For example, 

registry data may not cover all relevant variables and confounder information will 

often be incomplete.(218)  

6.1.2 Precision 

In an observational study, two types of error can lead to inaccuracy of results; random 

error (affecting statistical precision) and systematic error (affecting the internal 

validity of the study).(215) Techniques such as increasing the sample size or 

modifying the study design can be used to improve the statistical precision of the 

reported associations and reduce random error. The plausible strength and the 

direction of the association can be better interpreted using CI values.  

 

A major strength of this thesis is a large population-based dataset with mandatory 

notification of pregnancies in the registry. Since we have access to a large population-

based material, statistical precision is usually not an issue. However, since our project 

has the main focus on twin pregnancies, and women with twin pregnancy constitute a 

smaller group compared to women with singleton pregnancies, it is important to 

interpret our results carefully. In paper I, the HR estimates of cardiovascular disease 

mortality of women with twin pregnancies and continued reproduction had wide CI 

compared to women with singleton pregnancies. Similarly in paper III, the RR 

estimates of twin-born women with a perinatal loss in later pregnancies had a wider 

CI compared to singleton-born women. These results should be interpreted with 

caution. 
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6.1.3 Validity 

The validity of the study findings depends on both internal (i.e bias due to 

misclassification of study variables, selection bias and confounding) and external 

validity (i.e extent to which the study findings may be applicable to individuals 

outside the study population). This will be discussed in more detail below. 

Internal validity 

 

Internal validity refers to the extent of systematic error in a study.(215)  The 

minimization of systematic error ensures the conclusion drawn are acceptable with 

regard to the source population. The three main sources of systematic error that can 

compromise internal validity are: Information bias (misclassification), selection bias 

and confounding. 

 

Information/misclassification bias 

Information or misclassification bias are a common source of bias in the estimates 

due to error in measuring of the exposure and outcome. This may occur during the 

recording/reporting of information in the source population.(215)  

 

Misclassification bias of the exposure and outcome variables can lead to either 

differential or non-differential misclassification bias. Rothman described differential 

misclassification bias could occur “when the exposure is misclassified differentially 

according to a person’s disease status or disease is misclassified differentially 

according to a person’s exposure status”.(219) This type of bias could lead to over- or 

underestimation of an association. In papers I-III, the exposures are registered before 

the outcome and should in that regard not be dependent on the outcome. For instance, 

in paper I reproductive patterns are registered before and in a different data source 

than registration of cause of death. Similarly, outcomes in our studies were registered 

independently of exposures. While differential misclassification may be more 

unlikely in our studies, non-differential misclassification may occur. According to 
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Rothman, non-differential misclassification error of a dichotomous exposure could 

lead to an underestimation of the true effect (bias towards the null value) provided 

that measurement error is not dependent on other variables.(215) 

Misclassification of exposure 

In paper I, women’s reproductive patterns, including plurality status (twin or 

singleton status) were categorized according to women’s pregnancies as registered in 

the MBRN. Plurality status was determined during the time of delivery. Plurality 

status was also used as an exposure in papers II and III. There are some challenges 

with the registration of twins. Pregnancies identified by twins in the first trimester 

may eventually not be delivered as twins.(220) “Vanising twin” defined as a 

spontaneous loss of a twin during the first trimester, has been found in about 15-35% 

of twin pregnancies.(221) In our study population, it may be likely that some of the 

twins from pregnancies with a “vanishing twin” may be captured as singletons. As 

our study population is based on a large sample, we do not expect this possible 

misclassification to be of significance, however it could potentially lead to an 

attenuation of our estimates when comparing outcomes of women delivering 

singletons and twins.  

 

In paper I, we stratified the reproductive patterns on whether the women experienced 

preeclampsia, preterm delivery or perinatal loss.  Also, in paper III, our exposure was 

twin- and singleton-born women with in utero exposure to preeclampsia or being 

born preterm. Especially in the early years of the registry preeclampsia might not 

have been captured completely. The data quality of preeclampsia cases registered in 

the MBRN have been validated over the years. Klungsøyr and colleagues showed that 

term preeclampsia cases increased after introduction of the new notification form in 

1999.(222) Further, in a validation study of births 1967-2002, the proportion of 

pregnancies registered with preeclampsia in the MBRN that were verified using gold 

standards, registries and hospital records, was 88.3% (positive predictive value, 

PPV).(198) In another study of births 1999-2010, the PPV value of preeclampsia 
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registered in the MBRN among women participating  in the Norwegian Mother 

Father and Child Cohort study (MoBa) was 83.9%.(223) However, the sensitivity was 

less than 50% in this study, meaning that less than half of cases with preeclampsia in 

the total population were registered. The preeclampsia cases that were missed in the 

registry were found to have less severe outcomes.(223)  

 

In our data, misclassification of preterm delivery is possible. Since we use data from 

the beginning of the registry, when ultrasound measures were not used, we relied 

mainly on reported women’s first day of last menstruation. Gestational age estimates 

based on women’s last menstrual period may be imprecise for the preterm 

period.(224) However, a validation study of a selection of births between 1967-2012 

found PPV above 90% for recording of preterm birth in the MBRN.(225) In the 

MBRN, information on gestational age was missing for approximately 4% of the 

study population. Missing data on gestational age occurred mainly before 1999. In 

paper II, we excluded about 76 741 women with missing data on gestational age in 

first and/or second pregnancy. When including women with missing gestational age 

in our analysis, we found a similar birthweight pattern. Also, as mentioned above, in 

paper II women with pregnancies with birthweight by gestational age z-scores less 

than -5 and above 5 were excluded to remove implausible gestational ages.  

 

In our studies, preterm birth was defined as birth less than 37 completed gestational 

weeks for both twin and singleton pregnancies. This was done although the 

distribution of gestational length differs for singleton and twin pregnancies. However, 

a specific preterm definition for twin pregnancies is not established. In our study 

population, 6% of first-born singletons were delivered before 37 gestational weeks. If 

we defined "preterm" for twins at a similar cut-off, including 6% of those with the 

lowest gestational age, we would end up with a preterm cut-off at 28 gestational 

weeks for twins, that would surely be a very low cut-off. We want in future work to 

explore a twin specific cut-off for preterm birth applying a recent approach published 

by Wilcox et. al where they explore SGA cut-off points.(226) 

 

43 

 

registered in the MBRN among women participating  in the Norwegian Mother 

Father and Child Cohort study (MoBa) was 83.9%.(223) However, the sensitivity was 

less than 50% in this study, meaning that less than half of cases with preeclampsia in 

the total population were registered. The preeclampsia cases that were missed in the 

registry were found to have less severe outcomes.(223)  

 

In our data, misclassification of preterm delivery is possible. Since we use data from 

the beginning of the registry, when ultrasound measures were not used, we relied 

mainly on reported women’s first day of last menstruation. Gestational age estimates 

based on women’s last menstrual period may be imprecise for the preterm 

period.(224) However, a validation study of a selection of births between 1967-2012 

found PPV above 90% for recording of preterm birth in the MBRN.(225) In the 

MBRN, information on gestational age was missing for approximately 4% of the 

study population. Missing data on gestational age occurred mainly before 1999. In 

paper II, we excluded about 76 741 women with missing data on gestational age in 

first and/or second pregnancy. When including women with missing gestational age 

in our analysis, we found a similar birthweight pattern. Also, as mentioned above, in 

paper II women with pregnancies with birthweight by gestational age z-scores less 

than -5 and above 5 were excluded to remove implausible gestational ages.  

 

In our studies, preterm birth was defined as birth less than 37 completed gestational 

weeks for both twin and singleton pregnancies. This was done although the 

distribution of gestational length differs for singleton and twin pregnancies. However, 

a specific preterm definition for twin pregnancies is not established. In our study 

population, 6% of first-born singletons were delivered before 37 gestational weeks. If 

we defined "preterm" for twins at a similar cut-off, including 6% of those with the 

lowest gestational age, we would end up with a preterm cut-off at 28 gestational 

weeks for twins, that would surely be a very low cut-off. We want in future work to 

explore a twin specific cut-off for preterm birth applying a recent approach published 

by Wilcox et. al where they explore SGA cut-off points.(226) 

 

43 

 

registered in the MBRN among women participating  in the Norwegian Mother 

Father and Child Cohort study (MoBa) was 83.9%.(223) However, the sensitivity was 

less than 50% in this study, meaning that less than half of cases with preeclampsia in 

the total population were registered. The preeclampsia cases that were missed in the 

registry were found to have less severe outcomes.(223)  

 

In our data, misclassification of preterm delivery is possible. Since we use data from 

the beginning of the registry, when ultrasound measures were not used, we relied 

mainly on reported women’s first day of last menstruation. Gestational age estimates 

based on women’s last menstrual period may be imprecise for the preterm 

period.(224) However, a validation study of a selection of births between 1967-2012 

found PPV above 90% for recording of preterm birth in the MBRN.(225) In the 

MBRN, information on gestational age was missing for approximately 4% of the 

study population. Missing data on gestational age occurred mainly before 1999. In 

paper II, we excluded about 76 741 women with missing data on gestational age in 

first and/or second pregnancy. When including women with missing gestational age 

in our analysis, we found a similar birthweight pattern. Also, as mentioned above, in 

paper II women with pregnancies with birthweight by gestational age z-scores less 

than -5 and above 5 were excluded to remove implausible gestational ages.  

 

In our studies, preterm birth was defined as birth less than 37 completed gestational 

weeks for both twin and singleton pregnancies. This was done although the 

distribution of gestational length differs for singleton and twin pregnancies. However, 

a specific preterm definition for twin pregnancies is not established. In our study 

population, 6% of first-born singletons were delivered before 37 gestational weeks. If 

we defined "preterm" for twins at a similar cut-off, including 6% of those with the 

lowest gestational age, we would end up with a preterm cut-off at 28 gestational 

weeks for twins, that would surely be a very low cut-off. We want in future work to 

explore a twin specific cut-off for preterm birth applying a recent approach published 

by Wilcox et. al where they explore SGA cut-off points.(226) 

 

43 

 

registered in the MBRN among women participating  in the Norwegian Mother 

Father and Child Cohort study (MoBa) was 83.9%.(223) However, the sensitivity was 

less than 50% in this study, meaning that less than half of cases with preeclampsia in 

the total population were registered. The preeclampsia cases that were missed in the 

registry were found to have less severe outcomes.(223)  

 

In our data, misclassification of preterm delivery is possible. Since we use data from 

the beginning of the registry, when ultrasound measures were not used, we relied 

mainly on reported women’s first day of last menstruation. Gestational age estimates 

based on women’s last menstrual period may be imprecise for the preterm 

period.(224) However, a validation study of a selection of births between 1967-2012 

found PPV above 90% for recording of preterm birth in the MBRN.(225) In the 

MBRN, information on gestational age was missing for approximately 4% of the 

study population. Missing data on gestational age occurred mainly before 1999. In 

paper II, we excluded about 76 741 women with missing data on gestational age in 

first and/or second pregnancy. When including women with missing gestational age 

in our analysis, we found a similar birthweight pattern. Also, as mentioned above, in 

paper II women with pregnancies with birthweight by gestational age z-scores less 

than -5 and above 5 were excluded to remove implausible gestational ages.  

 

In our studies, preterm birth was defined as birth less than 37 completed gestational 

weeks for both twin and singleton pregnancies. This was done although the 

distribution of gestational length differs for singleton and twin pregnancies. However, 

a specific preterm definition for twin pregnancies is not established. In our study 

population, 6% of first-born singletons were delivered before 37 gestational weeks. If 

we defined "preterm" for twins at a similar cut-off, including 6% of those with the 

lowest gestational age, we would end up with a preterm cut-off at 28 gestational 

weeks for twins, that would surely be a very low cut-off. We want in future work to 

explore a twin specific cut-off for preterm birth applying a recent approach published 

by Wilcox et. al where they explore SGA cut-off points.(226) 

 

43 

 

registered in the MBRN among women participating  in the Norwegian Mother 

Father and Child Cohort study (MoBa) was 83.9%.(223) However, the sensitivity was 

less than 50% in this study, meaning that less than half of cases with preeclampsia in 

the total population were registered. The preeclampsia cases that were missed in the 

registry were found to have less severe outcomes.(223)  

 

In our data, misclassification of preterm delivery is possible. Since we use data from 

the beginning of the registry, when ultrasound measures were not used, we relied 

mainly on reported women’s first day of last menstruation. Gestational age estimates 

based on women’s last menstrual period may be imprecise for the preterm 

period.(224) However, a validation study of a selection of births between 1967-2012 

found PPV above 90% for recording of preterm birth in the MBRN.(225) In the 

MBRN, information on gestational age was missing for approximately 4% of the 

study population. Missing data on gestational age occurred mainly before 1999. In 

paper II, we excluded about 76 741 women with missing data on gestational age in 

first and/or second pregnancy. When including women with missing gestational age 

in our analysis, we found a similar birthweight pattern. Also, as mentioned above, in 

paper II women with pregnancies with birthweight by gestational age z-scores less 

than -5 and above 5 were excluded to remove implausible gestational ages.  

 

In our studies, preterm birth was defined as birth less than 37 completed gestational 

weeks for both twin and singleton pregnancies. This was done although the 

distribution of gestational length differs for singleton and twin pregnancies. However, 

a specific preterm definition for twin pregnancies is not established. In our study 

population, 6% of first-born singletons were delivered before 37 gestational weeks. If 

we defined "preterm" for twins at a similar cut-off, including 6% of those with the 

lowest gestational age, we would end up with a preterm cut-off at 28 gestational 

weeks for twins, that would surely be a very low cut-off. We want in future work to 

explore a twin specific cut-off for preterm birth applying a recent approach published 

by Wilcox et. al where they explore SGA cut-off points.(226) 

 

43 

 

registered in the MBRN among women participating  in the Norwegian Mother 

Father and Child Cohort study (MoBa) was 83.9%.(223) However, the sensitivity was 

less than 50% in this study, meaning that less than half of cases with preeclampsia in 

the total population were registered. The preeclampsia cases that were missed in the 

registry were found to have less severe outcomes.(223)  

 

In our data, misclassification of preterm delivery is possible. Since we use data from 

the beginning of the registry, when ultrasound measures were not used, we relied 

mainly on reported women’s first day of last menstruation. Gestational age estimates 

based on women’s last menstrual period may be imprecise for the preterm 

period.(224) However, a validation study of a selection of births between 1967-2012 

found PPV above 90% for recording of preterm birth in the MBRN.(225) In the 

MBRN, information on gestational age was missing for approximately 4% of the 

study population. Missing data on gestational age occurred mainly before 1999. In 

paper II, we excluded about 76 741 women with missing data on gestational age in 

first and/or second pregnancy. When including women with missing gestational age 

in our analysis, we found a similar birthweight pattern. Also, as mentioned above, in 

paper II women with pregnancies with birthweight by gestational age z-scores less 

than -5 and above 5 were excluded to remove implausible gestational ages.  

 

In our studies, preterm birth was defined as birth less than 37 completed gestational 

weeks for both twin and singleton pregnancies. This was done although the 

distribution of gestational length differs for singleton and twin pregnancies. However, 

a specific preterm definition for twin pregnancies is not established. In our study 

population, 6% of first-born singletons were delivered before 37 gestational weeks. If 

we defined "preterm" for twins at a similar cut-off, including 6% of those with the 

lowest gestational age, we would end up with a preterm cut-off at 28 gestational 

weeks for twins, that would surely be a very low cut-off. We want in future work to 

explore a twin specific cut-off for preterm birth applying a recent approach published 

by Wilcox et. al where they explore SGA cut-off points.(226) 

 

43 

 

registered in the MBRN among women participating  in the Norwegian Mother 

Father and Child Cohort study (MoBa) was 83.9%.(223) However, the sensitivity was 

less than 50% in this study, meaning that less than half of cases with preeclampsia in 

the total population were registered. The preeclampsia cases that were missed in the 

registry were found to have less severe outcomes.(223)  

 

In our data, misclassification of preterm delivery is possible. Since we use data from 

the beginning of the registry, when ultrasound measures were not used, we relied 

mainly on reported women’s first day of last menstruation. Gestational age estimates 

based on women’s last menstrual period may be imprecise for the preterm 

period.(224) However, a validation study of a selection of births between 1967-2012 

found PPV above 90% for recording of preterm birth in the MBRN.(225) In the 

MBRN, information on gestational age was missing for approximately 4% of the 

study population. Missing data on gestational age occurred mainly before 1999. In 

paper II, we excluded about 76 741 women with missing data on gestational age in 

first and/or second pregnancy. When including women with missing gestational age 

in our analysis, we found a similar birthweight pattern. Also, as mentioned above, in 

paper II women with pregnancies with birthweight by gestational age z-scores less 

than -5 and above 5 were excluded to remove implausible gestational ages.  

 

In our studies, preterm birth was defined as birth less than 37 completed gestational 

weeks for both twin and singleton pregnancies. This was done although the 

distribution of gestational length differs for singleton and twin pregnancies. However, 

a specific preterm definition for twin pregnancies is not established. In our study 

population, 6% of first-born singletons were delivered before 37 gestational weeks. If 

we defined "preterm" for twins at a similar cut-off, including 6% of those with the 

lowest gestational age, we would end up with a preterm cut-off at 28 gestational 

weeks for twins, that would surely be a very low cut-off. We want in future work to 

explore a twin specific cut-off for preterm birth applying a recent approach published 

by Wilcox et. al where they explore SGA cut-off points.(226) 

 

43 

 

registered in the MBRN among women participating  in the Norwegian Mother 

Father and Child Cohort study (MoBa) was 83.9%.(223) However, the sensitivity was 

less than 50% in this study, meaning that less than half of cases with preeclampsia in 

the total population were registered. The preeclampsia cases that were missed in the 

registry were found to have less severe outcomes.(223)  

 

In our data, misclassification of preterm delivery is possible. Since we use data from 

the beginning of the registry, when ultrasound measures were not used, we relied 

mainly on reported women’s first day of last menstruation. Gestational age estimates 

based on women’s last menstrual period may be imprecise for the preterm 

period.(224) However, a validation study of a selection of births between 1967-2012 

found PPV above 90% for recording of preterm birth in the MBRN.(225) In the 

MBRN, information on gestational age was missing for approximately 4% of the 

study population. Missing data on gestational age occurred mainly before 1999. In 

paper II, we excluded about 76 741 women with missing data on gestational age in 

first and/or second pregnancy. When including women with missing gestational age 

in our analysis, we found a similar birthweight pattern. Also, as mentioned above, in 

paper II women with pregnancies with birthweight by gestational age z-scores less 

than -5 and above 5 were excluded to remove implausible gestational ages.  

 

In our studies, preterm birth was defined as birth less than 37 completed gestational 

weeks for both twin and singleton pregnancies. This was done although the 

distribution of gestational length differs for singleton and twin pregnancies. However, 

a specific preterm definition for twin pregnancies is not established. In our study 

population, 6% of first-born singletons were delivered before 37 gestational weeks. If 

we defined "preterm" for twins at a similar cut-off, including 6% of those with the 

lowest gestational age, we would end up with a preterm cut-off at 28 gestational 

weeks for twins, that would surely be a very low cut-off. We want in future work to 

explore a twin specific cut-off for preterm birth applying a recent approach published 

by Wilcox et. al where they explore SGA cut-off points.(226) 

 

43 

 

registered in the MBRN among women participating  in the Norwegian Mother 

Father and Child Cohort study (MoBa) was 83.9%.(223) However, the sensitivity was 

less than 50% in this study, meaning that less than half of cases with preeclampsia in 

the total population were registered. The preeclampsia cases that were missed in the 

registry were found to have less severe outcomes.(223)  

 

In our data, misclassification of preterm delivery is possible. Since we use data from 

the beginning of the registry, when ultrasound measures were not used, we relied 

mainly on reported women’s first day of last menstruation. Gestational age estimates 

based on women’s last menstrual period may be imprecise for the preterm 

period.(224) However, a validation study of a selection of births between 1967-2012 

found PPV above 90% for recording of preterm birth in the MBRN.(225) In the 

MBRN, information on gestational age was missing for approximately 4% of the 

study population. Missing data on gestational age occurred mainly before 1999. In 

paper II, we excluded about 76 741 women with missing data on gestational age in 

first and/or second pregnancy. When including women with missing gestational age 

in our analysis, we found a similar birthweight pattern. Also, as mentioned above, in 

paper II women with pregnancies with birthweight by gestational age z-scores less 

than -5 and above 5 were excluded to remove implausible gestational ages.  

 

In our studies, preterm birth was defined as birth less than 37 completed gestational 

weeks for both twin and singleton pregnancies. This was done although the 

distribution of gestational length differs for singleton and twin pregnancies. However, 

a specific preterm definition for twin pregnancies is not established. In our study 

population, 6% of first-born singletons were delivered before 37 gestational weeks. If 

we defined "preterm" for twins at a similar cut-off, including 6% of those with the 

lowest gestational age, we would end up with a preterm cut-off at 28 gestational 

weeks for twins, that would surely be a very low cut-off. We want in future work to 

explore a twin specific cut-off for preterm birth applying a recent approach published 

by Wilcox et. al where they explore SGA cut-off points.(226) 



 

44 

 

 

In paper I, we also used perinatal loss as an outcome. Early neonatal deaths are 

registered both in the MBRN and through the Central Population Registry. In this 

way, two data sources ensure accuracy of the data. Stillbirths and early fetal losses 

are not given national identification number, and registration in the MBRN is the only 

source of this information. Underreporting of early stillbirths could be possible. 

Pregnancies with a “vanishing twin” have been described above and could lead to a 

twin being categorized as a singleton. This misclassification would most likely be 

non-differential and could potentially attenuate our results. 

Misclassification of outcomes 

In paper I, cause of death in the Norwegian Cause of Death Registry is ascertained by 

the medical professional using the death certificate.(227) The data quality in the 

Norwegian Cause of Death Registry has been ranked medium to high compared to 

other countries, with the reporting of “garbage codes” (codes that are not useful for 

public health analysis) continue to be a challenge.(227) 

 

 In paper II, birthweight was the main outcome, while z-scores of birthweight by 

gestational age were also reported. Birthweight recorded in the MBRN has been 

validated by a previous study finding low (<2500 grams) and high (>4500 grams) 

birthweights were accurately reported.(225) Also, birthweight for gestational age was 

based on a Norwegian standard.(149) With this standard we have excluded faulty 

birthweight by gestational age z-score (outside -5 and 5+). 

 

In paper III, the outcomes were preeclampsia, preterm delivery and perinatal loss. 

The challenges with concerning registration of these outcomes have been described 

above.  
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Selection bias  

Selection bias are errors due to the methods used to select the subjects and from 

factors that influence the study participation.(215) In this thesis, in papers I-III, the 

source population consisted of mandatorily registered birth records from the MBRN 

covering very close to 100% of live births in Norway. Since the complete population-

based cohort data is the basis for inclusion in the papers, selection bias is less likely 

to affect the results.(216) However, there may be a possibility of potential biological 

selection into the different reproductive patterns in papers I-III.  

 

In paper I, 1.2% (n=11 247) of women had twins in their first pregnancy, of which 

about 50% of these women continued to have another pregnancy. For women with a 

first singleton pregnancy, more than 80% of the women continued to have another 

pregnancy. We observed differences in maternal age and education among women 

with a first twin and singleton pregnancy. To account for these differences, when 

studying the association between reproductive history and long-term cardiovascular 

mortality, we adjusted for these variables in our models. 

 

In paper II, we further investigated fertility following a first twin- and singleton 

pregnancy (Figure 7). A first preterm and early term delivery were associated with 

lower continuation of reproduction both for women with a first twin and women with 

a first singleton pregnancy compared to women term pregnancy. The difference in 

reproduction between women with a first twin or singleton pregnancy may indicate 

that women who had first twins and a subsequent singleton pregnancy represented a 

more selected group of women than women with a first singleton pregnancy and a 

subsequent pregnancy.  
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Figure 7: Panel A: Fertility after a first pregnancy, twins or singletons by gestational age in 

first pregnancy. 

In the MBRN, women who stopped reproduction after a first twin pregnancy were 

older and had higher education than women who stopped after a first singleton 

pregnancy. However, no large difference in maternal age and education was observed 

for women who continued after a first twin or a singleton pregnancy (Table 3), which 

were the women who were the study population in paper II. In paper I these factors 

were adjusted for. 

 

Table 3. Maternal age and education among women who continue or stop after a first 

twin or singleton pregnancy. 

 Women who stopped after first 

pregnancy 

Women who continued after first 

pregnancy 

 First twin 

pregnancy 

First singleton 

pregnancy 

First twin 

pregnancy 

First singleton 

pregnancy 

Mean age at first birth, (years) 

 (95% CI) 

29.56 

(29.44-29.68) 

27.59 

(27.56-27.62) 

25.51 

(25.40-25.63) 

24.60 

(24.59-24.61) 

Maternal highest educational attainment  

            Low 14.17% 22.11% 16.62% 18.40% 

            Medium 34.74% 38.52% 35.91% 38.76% 

            High 50.02% 36.45% 47.04% 42.31% 

            Missing 1.07% 2.92% 0.43% 0.52% 
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Similarly, in paper III, we excluded individuals who did not reproduce. It is therefore 

possible that a biological selection of healthier twin-born women may be offsetting a 

slight increased risk of adverse outcomes resulting in the overall null association we 

see. However, as we have captured all births, a reduced adverse outcome in twin-born 

women is not biased in “statistical” sense, but rather a biological selection. We 

evaluated the probability of reproduction among twin-born women compared to 

singleton-born women among women born ≤1980 and survived until age 20. 77 % of 

twin-women reproduced compared to 84% of singleton-born women. Twin-born 

women had 8% lower reproduction than singleton-born women RR 0.92 (0.92-0.94). 

We looked further within strata of preeclampsia to assess reproduction within the 

subset of those women with an adverse in utero exposure. When restricting to women 

exposed to preeclampsia in utero, we found no difference in the probability of 

reproduction comparing twin-born and singleton-born women (RR 0.98, 0.93-1.02). 

Fertility in twin-born and singleton-born women likely depend on other factors, not 

necessarily captured by our study. 

Confounding 

Confounding is commonly a ‘mixing’ or ‘blurring’ of effects.(228) This is likely to 

occur when the relationship between exposure and outcome are mixed with a third 

factor, known as a confounding variable.(228) Stated otherwise, confounding is likely 

to occur when the link between exposure and outcome includes a non-causal 

component due to an uncontrolled shared cause. In the three papers presented in this 

thesis, we identified potential confounders based on our research hypothesis and prior 

literature. Controlling for potential confounders may improve the precision of our 

results. Further, the choice of confounders adjustment was limited by what was 

available in the MBRN and in Statistics Norway. 

 

In paper I, for the association between lifetime reproductive history of women and 

long-term cardiovascular mortality, we used Cox proportional HR adjusted for 

maternal age at first birth, chronic diseases, maternal education and year of birth as 
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potential confounders (Figure 8. Conceptual framework for analysis, Paper I). There 

was slight reduction in the estimates upon adjusting for these confounders. With few 

covariates to choose from and sparse literature on twinning and reasons for stopping 

reproduction, we adjusted for age, and year of first birth to capture cohort effects over 

the 50 years of data. The only marker of socioeconomic status we had available was 

highest attained educational level. In Norway, education is strongly associated with 

both family size and cardiovascular mortality.(98) Women with low education (<11 

years) had a higher risk of cardiovascular mortality, compared to women with a high 

education (11 or more years).(98) Chronic conditions could be associated with 

underlying factors predisposing to both the reproductive pattern of women and the 

long-term maternal health. The MBRN had information on some chronic health 

conditions including diabetes, hypertension, kidney disease and rheumatoid arthritis. 

Adjusting for these chronic conditions in our models did not substantially change the 

estimates.  
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birth and country of birth as potential confounders as these factors could affect both 

plurality status of first pregnancy and birthweight in the second pregnancy. In the 

adjusted results, birthweight was only reduced by a few grams compared to the crude 

results. 

 

In paper III, we adjusted for women’s decade of birth and their mother’s highest 

educational attainment as these may be associated with woman’s own birth. 

However, adjustment did not alter our main conclusion. The reason for similarities in 

crude and adjusted results could be that the inter-generational impact was stronger 

than the relationships between confounding variables and the outcome. In a 

sensitivity analysis, we also accounted for woman’s own educational attainment 

along with total number of pregnancies of a woman as a surrogate for the opportunity 

to experience adverse pregnancy outcomes. We saw very little change in the risk 

estimates with these adjustments.  

 

Figure 9. Conceptual framework for analysis (Plurality at birth and adverse 

pregnancy outcomes in later pregnancies) 
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Several other unmeasured confounding factors may have affected our results. We did 

not account for smoking, inter-pregnancy weight change and obesity in our analyses 

because these data were not completely available. Prior studies have shown the 

existence of a relationship between these factors and cardiovascular mortality, 

offspring birthweight and adverse outcomes in pregnancy.(229-231) As there is time-

dependent missing data for these variables in the registry, we were not able to 

evaluate confounding effect of these factors in the overall cohort. Moreover, if we 

restricted our study population to the recent years, it would severely affect our sample 

size as the twin population is small compared to the singletons. In paper III, we 

obtained e-values for estimates with CIs excluding null. E-value has been defined as 

“the minimum strength of association, on the risk ratio scale, that an unmeasured con-

founder would need to have with both the treatment and outcome to fully explain 

away a specific treatment outcome association, conditional on the measured 

covariates.”(205) The e-values for our estimates ranged from 1.4-2.2, suggesting that 

unmeasured confounding of such strength was required to move the estimate towards 

null.  

 

External validity 

External validity, also known as generalizability, refers to the validity of the findings 

and implications beyond the source population. Generalizability may depend on 

biological, social or genetical factors. In our study, the study participants were 

selected from the population-based national registry data which registered 

pregnancies from 16 gestational weeks.  

 

Some factors in our study questions might increase the generalizability of our 

findings. Our findings are based on population-based data with close to 100% 

coverage of live births nationally. The research question in paper I explored 

differences between reproductive patterns including twins and singletons and later 

cardiovascular disease. Though cardiovascular disease morbidity and mortality may 

vary between countries, the increased physiological burden of a twin pregnancy 
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compared to a singleton pregnancy might be similar in contexts outside Norway, as it 

is representing a biological rather than an environmental/societal exposure. In Paper 

II the association between twin or singleton status in a first pregnancy and subsequent 

birthweight was studied. Although birthweight may vary between countries, the 

parity effect on birthweight has been found for several populations.(154-157) Also, as 

this research question focused on a difference in biological burden of twin and 

singleton mothers, the finding may be generalizable to other populations.  

 

Other factors may limit the generalizability of our findings. In Paper III we looked at 

reproductive outcomes of being born twin or singleton. Several social and biological 

factors may influence reproduction both in the next generation, as well as subsequent 

reproduction after a first pregnancy, which may be different in other societies than 

Norway. Norway is a modern welfare state with generous maternal and paternal 

benefits related to childcare.(232) This could limit the generalizability of our results 

associated with reproduction across generations (in paper III) as well as with 

reproductive patterns after a first twin pregnancy (paper I and II). Our conclusions 

may be most applicable in a Nordic setting with similar welfare state benefits. 
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6.2     Discussion of main results 

6.2.1 Paper I 

In paper I, an increased risk of cardiovascular mortality before 70 years of age was 

found among women with one lifetime pregnancy, twin or singleton, compared to the 

reference of three lifetime singleton pregnancies. Compared with this reference 

population, women with a first twin pregnancy and continued reproduction did not 

have an increased risk of cardiovascular mortality while women with a first singleton 

pregnancy and with twin pregnancies in later reproduction had an increased risk of 

long-term cardiovascular mortality. Further, the risk of cardiovascular disease 

mortality for women with any pregnancy complications was more than 2-fold higher 

for women with one lifetime twin pregnancy and more than 3-fold higher for women 

with one lifetime singleton pregnancy compared to the women with three singleton 

pregnancies without any complications. 

 

Over the past decades, the availability of health data from different sources (such as 

population-based registry data, hospital records or cohort data) has enabled 

researchers to study the association between pregnancy complications and long-term 

cardiovascular disease morbidity and mortality.(105-117, 123, 128, 233-240) These 

studies provide extensive evidence of an association between pregnancy 

complications and risk of cardiovascular morbidity and mortality in later life. The 

studies have used both nulliparous women and parous women in their study sample. 

However, most of the studies are based on singleton pregnancies and have estimated 

the overall risk of long-term cardiovascular morbidity and mortality without 

considering the lifetime reproductive pattern of a woman. The latter point is the most 

important novelty of our design, along with its main focus on women with twin 

pregnancies. In Norway, previous studies based on data from the MBRN highlighted 

different associations between various reproductive patterns and long-term 

cardiovascular health. As mentioned earlier, women with one lifetime singleton 
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pregnancy with preeclampsia had an increased risk of cardiovascular mortality in 

later life compared to women with more than one pregnancies.(8) Another study 

based on MBRN data also showed that risk of cardiovascular disease mortality was 

elevated for women with one perinatal loss and low education compared to women 

with higher education with a loss.(241) None of these studies accounted for twins in 

any pregnancies during a woman’s reproductive career. As mentioned, in our study, 

we accounted for lifetime reproductive history of women with twin pregnancies, 

differentiating various pregnancy history of women, to describe women’s overall risk 

of cardiovascular disease mortality before 70 years of age. The risk of cardiovascular 

mortality varied substantially in women by different lifetime reproductive history, 

which is an important finding. 

 

There could be various mechanism leading to differences in cardiovascular disease 

mortality according to the reproductive history of women. In Norway, two children 

seem like a common norm for families.(232) As one twin gestation contributes to two 

children, women with one lifetime twin pregnancy may have achieved the desired 

family size after one twin pregnancy. Women who had first twins or singleton 

pregnancy may have different reasons for not having another pregnancy after one 

pregnancy. For women with one lifetime singleton pregnancy, stopping reproduction 

may be due to adverse pregnancy outcomes in the first pregnancy, underlying health 

issues, or subfertility. A woman’s decision to become pregnant in the future may be 

influenced by her prior or preexisting adverse pregnancy outcomes.(241) Earlier 

studies that investigate cardiovascular disease risk in later life among women with 

twin or singleton pregnancies accounted for maternal age, underlying chronic 

conditions and fertility treatment.(11, 12, 131) In our study population, we restricted 

to women without ART and adjusted for both maternal age at first pregnancy and 

women’s education. The risk of cardiovascular disease death may be driven by 

similar underpinnings among women with one lifetime twin or singleton pregnancy. 

However, the differences in risk estimates for women with twin pregnancy compared 

to women with singleton pregnancy may point to differences in underlying risk 
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profile among these two groups. Women who have twins after a first singleton birth 

may be further explored to understand their increased risk of cardiovascular disease 

mortality. 

 

As shown in our data, women with twin pregnancies had higher occurrences of 

pregnancy complications such as preeclampsia, preterm delivery and perinatal loss. 

These complications in singleton pregnancies have been associated with increased 

risk of cardiovascular disease morbidity and mortality.(10, 102, 103, 105, 115, 124, 

241-246) In our study population, the risk of long-term cardiovascular disease 

mortality differed among women with twin and singletons pregnancies with 

complications with pregnancy complications. This could imply several explanations. 

Pregnancy brings about a number of physiological changes that could clinically 

reveal a woman’s underlying cardiometabolic risk.(130) Prior studies showed 

differences in the cardiovascular system, endothelial functions, haematological and 

metabolic adaptations between a singleton and twin gestation.(47, 247-249) Also, risk 

of preterm delivery differed between women with singletons and twins. This could 

mean that complications occurring in twin pregnancies might be less of a sign of 

cardiometabolic risk than in singleton pregnancies. Our conclusions did not alter 

when we controlled for maternal education and underlying chronic conditions during 

pregnancy. In line with previous studies, our findings show that risk of cardiovascular 

disease mortality is elevated more for women with singleton pregnancies compared to 

women with twin pregnancies. Consistent with other findings,(250, 251) our results 

overall add that twin pregnancy is less likely to exhibit health disadvantage for 

women with more than one pregnancy compared to women with only singleton 

pregnancies. Our results may have potential to prevent assumptions on women’s 

long-term health based only on woman’s first pregnancy. We believe our study 

contributes to the growing body of evidence on understanding the association 

between lifetime reproductive history of women with twin pregnancies and long-term 

cardiovascular disease mortality. 
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In our main analysis, we did not restrict our inclusion to any gestational ages. Our 

aim was to capture the full reproductive history of women including early losses as 

registered in the MBRN. However, as pregnancies ending before 22 gestational 

weeks could have more incomplete registrations, we did perform a sensitivity 

analysis restricted to women with gestational age above 22. This, however, did not 

alter our conclusions. 

A major strength of our study was the population-based national registry data with 

longitudinal reproductive history of women, followed for median 24 years and linked 

to the Norwegian Cause of Death registry. Our limitation is that we were not able to 

adjust for possible predictors of cardiovascular disease, that were not recorded at the 

time of birth. Nevertheless, our study evaluated the risk of cardiovascular death based 

on the reproductive history of the women in Norway. Identification of risk profiles 

for cardiovascular disease has been one of the most important public health 

contributions of epidemiology, improving disease prevention, diagnosis and timely 

treatment.(215) Another important limitation in our study was that reasons for ending 

reproduction (our primary exposures) were not well characterized. However, our goal 

is to not suggest that having only one pregnancy (singleton or twin) is causally related 

to cardiovascular disease mortality, instead we intend to highlight that woman who 

complete reproduction with only one pregnancy (being either singleton or twin 

pregnancy) seem to have an increased risk of cardiovascular disease mortality before 

70 years. This may help identify women who would benefit from earlier 

cardiovascular disease screening or tailored interventions. 

 

6.2.2 Paper II 

In paper II, we found offspring birthweight in second singleton pregnancy were 

comparable for women with a first twin and a first singleton pregnancy. 

During pregnancy, a woman’s fetus is influenced by the intrauterine environment 

which is largely affected by maternal diet, genes, underlying health, behaviors and 
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socioeconomic characteristics.(252) Birthweight is an important pregnancy outcome 

strongly associated with  infant, child and later adult life health.(253, 254) As stated 

earlier, prior studies have shown subsequent singleton babies are about 80-140 grams 

larger than the first singleton, indicating an independent effect of parity on 

birthweight.(155-157, 255) Although we do not exactly know the reason why 

subsequent offspring’s birthweight is generally larger than the first, there are some 

theories to it related to singleton pregnancies.(158-163) However, to our knowledge 

no previous study has examined the patterns in birthweight of singletons following a 

twin pregnancy.  

Offspring’s birthweights are larger for a twin pair than for a singleton foetus.(149, 

165) We hypothesized that the enlarged uterine capacity due to two foetuses of a twin 

pair, along with amniotic fluid, and placental mass in a twin pregnancy, could 

accommodate a larger offspring in the subsequent pregnancy. On the other hand, as 

mentioned before, prior studies have shown independent parity effect on birthweight 

among singleton pregnancies. However, in our study the mean birthweight in 

subsequent singleton pregnancy was similar, whether the earlier birth was twin or 

singleton. After a twin pregnancy, the mean weight of a singleton birth was only 21 

grams heavier than after a singleton pregnancy. Upon controlling for possible 

confounders such as age at first delivery, year of first delivery, maternal education 

and country of birth, the results were not affected. Thus, our study shows that the 

parity effect on birthweight reported by earlier studies (155-157, 255) (in the range of 

80-140g) seems to be due to other mechanisms that is not yet clearly known. 

Offspring birthweight has been suggested to be influenced by differences in maternal 

physiological factors that change in the first and subsequent pregnancy.(156) At the 

same time, growth of the fetus is also related to stable maternal factors, as women 

tend to have successive singleton pregnancies of similar size.(256, 257) As stated in 

earlier chapter, the perinatal outcomes differed for women with twin or singleton 

pregnancies such as gestational age and birthweight.(149, 165) However, successive 
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pregnancy outcomes after twin pregnancies have not been explored as much as 

singleton pregnancies due to the availability of data. We believe our study is the first 

study to report offspring’s birthweight in a subsequent pregnancy after a first twin 

pregnancy. Twin pregnancies provided larger uterine distension due to multiple 

fetuses in addition to the amniotic fluid and the placentas. Therefore, we expected the 

differences in birthweight in subsequent singleton pregnancy to be greater than 

following a singleton pregnancy. However, additional weight and uterine expansion 

were associated with only a trivial increase of the birthweight in the subsequent 

singleton pregnancy. Prior studies have shown difference in birthweight by maternal 

education and geography.(201) Our results were adjusted for these factors.  Our 

findings highlights that the mechanical burden exhibited by two fetuses in a twin 

pregnancy and the accompanying complications a woman with twin endures does not 

substantially influence the birthweight in the subsequent pregnancy in our population.  

We also describe birthweight in the subsequent pregnancy after a twin pregnancy 

based on the inter-pregnancy interval between first and second pregnancy. Earlier 

studies using singleton populations have shown an increased risk of low birthweight 

after a long or short pregnancy interval,(152) however, to our knowledge birthweight 

in a subsequent singleton pregnancy following a twin pregnancy by inter-pregnancy 

interval has not been investigated before. In our study, the frequency distribution 

plots of inter-pregnancy interval showed that women who had singletons in the first 

pregnancy had a peak in frequency of a subsequent pregnancy at about 2-3 years 

(66%), while only 42% of women with a first twin pregnancy had a subsequent 

pregnancy within inter-pregnancy interval of 3 years. The birthweight patters of 

infants born within 3 years of a prior twin or singleton birth were similar. However, 

there were substantial difference in the offspring birthweight patterns for longer inter-

pregnancy intervals. Interpretation of our results on the association between inter-

pregnancy interval and birthweight after a first twin and singleton should be done 

with caution. Women with and long inter-pregnancy interval may be sub-fertile and 

may have underlying health concerns that may impact their offspring birthweight. 
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Women who have twins may have social reasons, such as caring of twin children, for 

having a long inter-pregnancy interval rather than underlying health or biological 

reasons. According to our findings, these women with longer inter-pregnancy 

intervals may be healthier as they had less reduction in offspring birthweight. 

Additionally, social factors like low education and change of partner may also be 

more frequent among singleton women with long inter-pregnancy interval compared 

to twin mothers with long inter-pregnancy intervals. 

Further, preterm delivery and preeclampsia are more frequent in twin pregnancies 

compared to singleton pregnancies, and these complications are associated with 

reduced birthweight.(6) In our study, there was higher recurrence of preterm delivery 

and preeclampsia in a subsequent singleton pregnancy after a first singleton 

pregnancy compared to after a first twin pregnancy. We estimated aRR of recurrence 

of preterm delivery in the subsequent singleton pregnancy for women with a preterm 

twin pregnancy was aRR 1.99 (1.51-2.64) compared to women with a term first twin 

pregnancy. For women with a preterm singleton pregnancy the relative risk of 

recurrence was aRR 4.72 (4.61-4.84) compared to women with a term first singleton 

pregnancy. The recurrence risk of preeclampsia in the subsequent singleton 

pregnancy for women with a preeclamptic twin pregnancy was aRR 5.06 (3.39-7.56) 

compared to women without preeclampsia in a first twin pregnancy and for women 

with a preeclamptic singleton pregnancy was aRR 10.47 (10.14-10.82) compared to 

women without preeclampsia in their first singleton pregnancy. As shown by these 

results, while these complications tend to recur in subsequent pregnancies,(258)  

consistent with results from earlier studies, these complications do not recur as 

frequently following twin pregnancies as compared to singleton pregnancies.(59, 

259)  Although women with a twin pregnancy had higher pregnancy complication 

rates in the first pregnancy, the recurrence of pregnancy complications in the 

subsequent pregnancy was higher for women with a first singleton pregnancy.  

Thus, these pregnancy complications did not seem to affect the overall birthweight in 

the subsequent singleton offspring in our study population.  
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In our study, we chose to not stratify on gestational age. Stratifying by gestational age 

for twins and singletons in the first pregnancy may not yield interpretable results as 

the gestational age distribution of the twins and singletons are different. Stratification 

by gestational age may introduce paradoxical collider stratification bias, similar to 

what is seen when looking at gestational age of twins and infant mortality.(260) The 

peak growth of birthweight is earlier for twins than for the singletons.(165) The 

complex stratification structures may not provide for a fair comparison between twin 

and singleton pregnancies. Therefore, we decided to compare the mean birthweight in 

the subsequent singleton pregnancy after a first twin or singleton pregnancy using a 

standard preterm delivery definition.  

The large population-based cohort data provided sufficient sample size to study the 

association in subsequent singleton pregnancy. The validation of measurement and 

reporting of birthweight which has been reported consistent overtime provides further 

assurance of our results.(225) Earlier studies have shown differences in the perinatal 

outcomes such as gestational age, birthweight in the monochorionic and dichorionic 

twins.(261-263) However, unfortunately we do not have information about the 

chorionicity of the twins to evaluate these perinatal differences. 

 

6.2.3 Paper III 

In paper III, we found no increased risk of adverse pregnancy outcomes such as 

preeclampsia, preterm delivery or perinatal loss among twin-born women compared 

with the singleton-born women. The increased risk of preeclampsia and preterm 

delivery in own pregnancies among women born with these complications have been 

established for singleton pregnancies.(170, 173) Our study provides novel 

information about the twin-born women who were in utero exposed to preeclampsia 

or preterm, had a reduced risk of preeclampsia or preterm delivery in their later 

pregnancies compared to the singleton women who were in utero exposed to 

preeclampsia or delivered preterm. 
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The in utero environment may influence later life health.(264, 265) Prior studies have 

found that infants born preterm or in pregnancies with preeclampsia are associated 

with adverse long-term effects such as cardiovascular disease in later life compared to 

infants born without these pregnancy complications.(266-268) Women with twin 

pregnancies are at increased risk of pregnancy complications such as preterm, 

preeclampsia and perinatal loss.(6, 7, 53) Both preterm delivery and preeclampsia are 

associated with increased risk of later maternal health consequences in singleton 

pregnancies,(104, 269) but there is little evidence about the risk of adverse pregnancy 

outcomes for twin-born women in their later reproduction.  

 

The underlying reasons for the recurrence of pregnancy complications across 

generations have not been fully understood. Maternal genes and fetal genes from both 

the parents, are suggested to play a role in the development of preeclampsia in 

singleton-born women.(173, 177) Consistent to our findings, a study from Sweden 

showed less recurrence of preterm delivery in preterm twin-born women than preterm 

singleton-born women.(191) Taken together with prior literature, it seems that 

pregnancy complications in twin and singleton pregnancies have distinct origins. It 

may also seem that twin-born women are less likely to repeat the in utero 

complications in her own pregnancies. Maternal education and time trends did not 

seem to explain the reduced risk of these complications in twin-born women 

compared with singleton-born women. In general, there is a decreasing trend of 

preeclampsia in Norway, with a 37% decrease in preeclampsia prevalence during the 

last two decades.(270) A similar decline was also found among women with twin 

pregnancies. It has been suggested that changes in clinical handling such as aspirin 

use, and labor induction may partly explain this decline.(270) A decrease in 

prevalence might lead to lower recurrence across generations. 

Studying pregnancy outcomes across generations was made possible by the 

prospectively collected data over 50 years. A relatively large study population 
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enabled a stratified analysis by in utero exposure to specific pregnancy complications 

among twin-born and singleton-born women. We did not account for factors which 

may predict specific adverse outcomes (smoking, BMI, inter-pregnancy interval) and 

may vary for each pregnancy over the whole reproductive course.  
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7. Conclusion 

We found an increased risk of long-term cardiovascular disease mortality among 

women with one lifetime pregnancy, twins or singletons, compared to women with 

three singleton pregnancies. Women with twin pregnancies who continued 

reproduction had similar risk of cardiovascular disease mortality compared to the 

women with three singleton pregnancies. Thus, although women with twin 

pregnancies experience more pregnancy complications compared to women with 

singleton pregnancies, the long-term cardiovascular mortality risk does not appear to 

be higher. Our study findings provide novel information on the potential usefulness 

of incorporating full pregnancy history into the assessment of maternal long-term 

health of women with twin pregnancies. 

 

We found that birthweights of the subsequent singleton offspring were similar for 

women with a first twin or a first singleton pregnancy. Twin pregnancies contribute 

to a greater combined total offspring birthweight including more extensive uterine 

expansion. However, this does not seem to explain the general parity effect seen in 

birthweight. Our findings indicate that a twin pregnancy does not contribute 

meaningfully to a parity effect of increased birthweight from first to second birth. 

Thus, physiologic reasons for the increased birthweight with parity remain to be 

established. 

 

Additionally, although twin-born women are more often exposed to adverse 

pregnancy outcomes in-utero, the risk of preeclampsia, preterm delivery and perinatal 

loss in twin-born women are not increased in their own pregnancies compared with 

singleton-born women. Twin-born women exposed to preeclampsia in utero had a 

reduced risk of preeclampsia and preterm delivery in their own pregnancies compared 

with singleton-born women exposed to preeclampsia in utero. Preterm twin-born 

women had no increased risk of preeclampsia or perinatal loss in their own 

pregnancies and a reduced risk of preterm delivery compared with preterm singleton-
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born women. These findings are relevant for the clinicians and families dealing with 

twins in assessing the immediate and long-term consequences of twin pregnancy. 

 

Overall, our result indicates that, in comparison to singleton pregnancy, becoming a 

mother to twin offspring or being a twin-born women becoming a mother herself 

does not add any extra risk of later long-term cardiovascular disease mortality or 

adverse pregnancy outcomes in own pregnancies. Our study adds to the growing 

body of evidence on understanding the link of pregnancy complications and later 

cardiovascular disease mortality, and on twin pregnancies and their impact on long-

term health. 
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8. Future implications 

The evaluation of reproductive history including twins is complicated as the ideal cut-

off for preterm delivery in twin pregnancies is not well-defined. Thus, future studies 

should focus on establishing a cut-off for preterm delivery in twin pregnancies, 

especially related to exploring associations of pregnancy complications and maternal 

long-term health. If we should use the similar preterm-term distribution that we find 

among first-born singletons (6% are born preterm), we would end up with a cut-off at 

28 weeks. 6% of an already small group would mean that a large data source will be 

needed to study this. 

In paper I, we highlight the remarkable high risk faced by women who stop 

reproduction after their first birth, and we include women with twin pregnancies who 

are often excluded. Future research should explore the reasons for this high risk and 

how they could benefit from follow-up. In our study, we were limited by our ability 

to consider specific complications in each pregnancy. Future studies may use similar 

approaches to study other non-communicable diseases to better understand the role of 

reproductive patterns related to twins and long-term maternal health. The findings in 

this thesis are based on pregnancies dating back to 1967. Future studies will be able 

to evaluate current obstetrical practices and their relation to maternal long-term 

health. Also, it would be interesting to replicate these analyses in countries with 

different economical support systems for maternal leave and childcare. 

In paper II, we aimed to shed light on mechanisms related to the parity effect on 

birthweight. However, having a twin pregnancy with a greater combined total 

offspring birthweight did not lead to a substantial higher birthweight in the next 

singleton pregnancy. The physiological underpinnings of the parity effect on 

birthweight are still unclear and future studies are needed to gain more knowledge on 

this birthweight phenomenon. Also, in future studies twin related variables such as 

chorionicity and zygosity may be accounted for. 

 

64 

 

8. Future implications 

The evaluation of reproductive history including twins is complicated as the ideal cut-

off for preterm delivery in twin pregnancies is not well-defined. Thus, future studies 

should focus on establishing a cut-off for preterm delivery in twin pregnancies, 

especially related to exploring associations of pregnancy complications and maternal 

long-term health. If we should use the similar preterm-term distribution that we find 

among first-born singletons (6% are born preterm), we would end up with a cut-off at 

28 weeks. 6% of an already small group would mean that a large data source will be 

needed to study this. 

In paper I, we highlight the remarkable high risk faced by women who stop 

reproduction after their first birth, and we include women with twin pregnancies who 

are often excluded. Future research should explore the reasons for this high risk and 

how they could benefit from follow-up. In our study, we were limited by our ability 

to consider specific complications in each pregnancy. Future studies may use similar 

approaches to study other non-communicable diseases to better understand the role of 

reproductive patterns related to twins and long-term maternal health. The findings in 

this thesis are based on pregnancies dating back to 1967. Future studies will be able 

to evaluate current obstetrical practices and their relation to maternal long-term 

health. Also, it would be interesting to replicate these analyses in countries with 

different economical support systems for maternal leave and childcare. 

In paper II, we aimed to shed light on mechanisms related to the parity effect on 

birthweight. However, having a twin pregnancy with a greater combined total 

offspring birthweight did not lead to a substantial higher birthweight in the next 

singleton pregnancy. The physiological underpinnings of the parity effect on 

birthweight are still unclear and future studies are needed to gain more knowledge on 

this birthweight phenomenon. Also, in future studies twin related variables such as 

chorionicity and zygosity may be accounted for. 

 

64 

 

8. Future implications 

The evaluation of reproductive history including twins is complicated as the ideal cut-

off for preterm delivery in twin pregnancies is not well-defined. Thus, future studies 

should focus on establishing a cut-off for preterm delivery in twin pregnancies, 

especially related to exploring associations of pregnancy complications and maternal 

long-term health. If we should use the similar preterm-term distribution that we find 

among first-born singletons (6% are born preterm), we would end up with a cut-off at 

28 weeks. 6% of an already small group would mean that a large data source will be 

needed to study this. 

In paper I, we highlight the remarkable high risk faced by women who stop 

reproduction after their first birth, and we include women with twin pregnancies who 

are often excluded. Future research should explore the reasons for this high risk and 

how they could benefit from follow-up. In our study, we were limited by our ability 

to consider specific complications in each pregnancy. Future studies may use similar 

approaches to study other non-communicable diseases to better understand the role of 

reproductive patterns related to twins and long-term maternal health. The findings in 

this thesis are based on pregnancies dating back to 1967. Future studies will be able 

to evaluate current obstetrical practices and their relation to maternal long-term 

health. Also, it would be interesting to replicate these analyses in countries with 

different economical support systems for maternal leave and childcare. 

In paper II, we aimed to shed light on mechanisms related to the parity effect on 

birthweight. However, having a twin pregnancy with a greater combined total 

offspring birthweight did not lead to a substantial higher birthweight in the next 

singleton pregnancy. The physiological underpinnings of the parity effect on 

birthweight are still unclear and future studies are needed to gain more knowledge on 

this birthweight phenomenon. Also, in future studies twin related variables such as 

chorionicity and zygosity may be accounted for. 

 

64 

 

8. Future implications 

The evaluation of reproductive history including twins is complicated as the ideal cut-

off for preterm delivery in twin pregnancies is not well-defined. Thus, future studies 

should focus on establishing a cut-off for preterm delivery in twin pregnancies, 

especially related to exploring associations of pregnancy complications and maternal 

long-term health. If we should use the similar preterm-term distribution that we find 

among first-born singletons (6% are born preterm), we would end up with a cut-off at 

28 weeks. 6% of an already small group would mean that a large data source will be 

needed to study this. 

In paper I, we highlight the remarkable high risk faced by women who stop 

reproduction after their first birth, and we include women with twin pregnancies who 

are often excluded. Future research should explore the reasons for this high risk and 

how they could benefit from follow-up. In our study, we were limited by our ability 

to consider specific complications in each pregnancy. Future studies may use similar 

approaches to study other non-communicable diseases to better understand the role of 

reproductive patterns related to twins and long-term maternal health. The findings in 

this thesis are based on pregnancies dating back to 1967. Future studies will be able 

to evaluate current obstetrical practices and their relation to maternal long-term 

health. Also, it would be interesting to replicate these analyses in countries with 

different economical support systems for maternal leave and childcare. 

In paper II, we aimed to shed light on mechanisms related to the parity effect on 

birthweight. However, having a twin pregnancy with a greater combined total 

offspring birthweight did not lead to a substantial higher birthweight in the next 

singleton pregnancy. The physiological underpinnings of the parity effect on 

birthweight are still unclear and future studies are needed to gain more knowledge on 

this birthweight phenomenon. Also, in future studies twin related variables such as 

chorionicity and zygosity may be accounted for. 

 

64 

 

8. Future implications 

The evaluation of reproductive history including twins is complicated as the ideal cut-

off for preterm delivery in twin pregnancies is not well-defined. Thus, future studies 

should focus on establishing a cut-off for preterm delivery in twin pregnancies, 

especially related to exploring associations of pregnancy complications and maternal 

long-term health. If we should use the similar preterm-term distribution that we find 

among first-born singletons (6% are born preterm), we would end up with a cut-off at 

28 weeks. 6% of an already small group would mean that a large data source will be 

needed to study this. 

In paper I, we highlight the remarkable high risk faced by women who stop 

reproduction after their first birth, and we include women with twin pregnancies who 

are often excluded. Future research should explore the reasons for this high risk and 

how they could benefit from follow-up. In our study, we were limited by our ability 

to consider specific complications in each pregnancy. Future studies may use similar 

approaches to study other non-communicable diseases to better understand the role of 

reproductive patterns related to twins and long-term maternal health. The findings in 

this thesis are based on pregnancies dating back to 1967. Future studies will be able 

to evaluate current obstetrical practices and their relation to maternal long-term 

health. Also, it would be interesting to replicate these analyses in countries with 

different economical support systems for maternal leave and childcare. 

In paper II, we aimed to shed light on mechanisms related to the parity effect on 

birthweight. However, having a twin pregnancy with a greater combined total 

offspring birthweight did not lead to a substantial higher birthweight in the next 

singleton pregnancy. The physiological underpinnings of the parity effect on 

birthweight are still unclear and future studies are needed to gain more knowledge on 

this birthweight phenomenon. Also, in future studies twin related variables such as 

chorionicity and zygosity may be accounted for. 

 

64 

 

8. Future implications 

The evaluation of reproductive history including twins is complicated as the ideal cut-

off for preterm delivery in twin pregnancies is not well-defined. Thus, future studies 

should focus on establishing a cut-off for preterm delivery in twin pregnancies, 

especially related to exploring associations of pregnancy complications and maternal 

long-term health. If we should use the similar preterm-term distribution that we find 

among first-born singletons (6% are born preterm), we would end up with a cut-off at 

28 weeks. 6% of an already small group would mean that a large data source will be 

needed to study this. 

In paper I, we highlight the remarkable high risk faced by women who stop 

reproduction after their first birth, and we include women with twin pregnancies who 

are often excluded. Future research should explore the reasons for this high risk and 

how they could benefit from follow-up. In our study, we were limited by our ability 

to consider specific complications in each pregnancy. Future studies may use similar 

approaches to study other non-communicable diseases to better understand the role of 

reproductive patterns related to twins and long-term maternal health. The findings in 

this thesis are based on pregnancies dating back to 1967. Future studies will be able 

to evaluate current obstetrical practices and their relation to maternal long-term 

health. Also, it would be interesting to replicate these analyses in countries with 

different economical support systems for maternal leave and childcare. 

In paper II, we aimed to shed light on mechanisms related to the parity effect on 
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In paper III, we evaluated the own pregnancy outcomes of twin-born or singleton-

born women. The study findings may be useful for clinicians to assess the recurrence 

of adverse pregnancy outcomes across generations for women born as twin. Future 

studies will be able to evaluate reproductive outcomes of twins surviving at lower 

gestational ages than earlier due to current obstetrical practices. 
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Abstract
Background: Women with one lifetime singleton pregnancy have increased risk of 
cardiovascular disease (CVD) mortality compared with women who continue repro-
duction particularly if the pregnancy had complications. Women with twins have 
higher risk of pregnancy complications, but CVD mortality risk in women with twin 
pregnancies has not been fully described.
Objectives: We estimated risk of long-term CVD mortality in women with naturally 
conceived twins compared to women with singleton pregnancies, accounting for life-
time number of pregnancies and pregnancy complications.
Methods: Using linked data from the Medical Birth Registry of Norway and the 
Norwegian Cause of Death Registry, we identified 974,892 women with first preg-
nancy registered between 1967 and 2013, followed to 2020. Adjusted hazard ratios 
(aHR) with 95% confidence intervals (CI) for maternal CVD mortality were estimated 
by Cox regression for various reproductive history (exposure categories): (1) Only 
one twin pregnancy, (2) Only one singleton pregnancy, (3) Only two singleton preg-
nancies, (4) A first twin pregnancy and continued reproduction, (5) A first singleton 
pregnancy and twins in later reproduction and (6) Three singleton pregnancies (the 
referent group). Exposure categories were also stratified by pregnancy complications 
(pre-eclampsia, preterm delivery or perinatal loss).
Results: Women with one lifetime pregnancy, twin or singleton, had increased risk 
of CVD mortality (adjusted hazard [HR] 1.72, 95% confidence interval [CI] 1.21, 2.43 
and aHR 1.92, 95% CI 1.78, 2.07, respectively), compared with the referent of three 
singleton pregnancies. The hazard ratios for CVD mortality among women with one 
lifetime pregnancy with any complication were 2.36 (95% CI 1.49, 3.71) and 3.56 (95% 
CI 3.12, 4.06) for twins and singletons, respectively.
Conclusions: Women with only one pregnancy, twin or singleton, had increased long-
term CVD mortality, however highest in women with singletons. In addition, twin 
mothers who continued reproduction had similar CVD mortality compared to women 
with three singleton pregnancies.
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nancy registered between 1967 and 2013, followed to 2020. Adjusted hazard ratios 
(aHR) with 95% confidence intervals (CI) for maternal CVD mortality were estimated 
by Cox regression for various reproductive history (exposure categories): (1) Only 
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1  |  BACKGROUND

Cardiovascular disease (CVD) mortality risk is increased among women 
with one lifetime singleton births compared to women who continue 
reproduction.1 Pregnancy complications including pre-eclampsia, pre-
term delivery and perinatal loss are also associated with elevated risk 
of CVD morbidity and mortality in singleton pregnancies.2–8 Women 
with twin pregnancies have an increased risk of pregnancy complica-
tions9–11 and may potentially stop reproduction after a first pregnancy 
with twins because two children are a common desired family size.12,13 
Twin pregnancies also have a greater biological demand on the moth-
ers, which might impact their later health. However, the influence and 
interaction between lifetime number of pregnancies and pregnancy 
complications on maternal long-term CVD mortality have not been 
fully explored for twin pregnancies.

Due to the difficulty in linking pregnancies across a woman's 
reproductive lifetime, many previous studies have focused on as-
sociations between complications in the first pregnancy and later 
maternal health. However, analyses restricted to outcomes in first 
pregnancies do not account for possible heterogeneity in risk by the 
number of children.14 To the best of our knowledge, no previous 
research has investigated long-term CVD mortality in women con-
sidering both plurality and complications in successive pregnancies 
across womens' reproductive period.

In Norway, a unique national identification number, provided to all 
residents, enables linkage of all pregnancies to a woman. With data on 
pregnancies since 1967, the Medical Birth Registry of Norway (MBRN) 
provides an opportunity to analyse women's complete reproductive 
history. Further linkage with the Norwegian Cause of Death Registry, 
allows an evaluation of the association between reproductive history 
and maternal cause-specific mortality. In linked pregnancy data (with 
the mother as the observational unit), we aimed to estimate long-term 
CVD mortality in women with twins by lifetime number of pregnancies 
compared to women with singleton pregnancies. We also assessed 
associations with long-term mortality by presence of pre-eclampsia, 
preterm delivery, perinatal loss as pregnancy complications are more 
common in twin pregnancies.10,11 Findings may identify high-risk 
women for appropriate follow-up with interventions to lower their 
long-term risk of CVD related deaths.

2  |  METHODS

2.1  |  Data sources

The MBRN is a population-based registry, established in 1967, pri-
marily to monitor birth defects and other maternal and perinatal 
health problems and to provide data for epidemiological research 

on causes and consequences of perinatal health problems.15 The 
MBRN is based on mandatory notification of all live births, stillbirths 
and pregnancy losses from 16 weeks of gestation. The registry re-
cords prospectively collected information on women's health before 
and during pregnancy, the delivery and the immediate postpartum 
period, including demographic information, complications and in-
terventions during delivery and infant outcomes. The attending mid-
wife and obstetrician record data using a standardised notification 
form, either as free text or, since 1999, by predefined variables or 
check boxes in addition to free text. Since 2006, a gradual transition 
to electronic birth notification took place (complete in 2014), and 
the notifications are now based on pre-specified extractions from 
the medical records at the delivery units. Every live-born infant in 
Norway, as well as all immigrants who become Norwegian inhabit-
ants, are provided with a unique national identification number by 
the National Population Register. The MBRN is routinely matched 
with the National Population Register and receives all national iden-
tification numbers and all dates of death and emigration through 
this linkage. The unique identification number was used to link all 
pregnancies to their mother in maternal pregnancy files, and linkage 
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Synopsis

Study question

Do women with twin pregnancies have increased risk of 
long-term cardiovascular disease (CVD) mortality?

What's already known

CVD mortality is increased among women with one life-
time singleton birth. Several complications in singleton 
pregnancies are associated with increased CVD mortal-
ity. Women with twin pregnancies have increased risk 
of pregnancy complications, such as pre-eclampsia, pre-
term delivery and perinatal loss, compared to singleton 
pregnancies.

What this study adds

In a population-based cohort study, women with only 
one pregnancy, twin or singleton, had increased risk of 
Atherosclerotic cardiovascular disease (ASCVD) mortality, 
compared to women with three singleton pregnancies. The 
increase was highest in women with singletons. Women 
with a first twin pregnancy and continued reproduction 
had similar ASCVD mortality compared to women with 
three singleton pregnancies.
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with the Cause of Death Registry provided information on mother's 
causes of death. The Cause of Death Registry, established in 1954, 
contains information on the underlying and contributing causes of 
death, registered using ICD codes. The form is filled out by a medi-
cal doctor and is quality-assured using other national registries. 
Information on highest attained level of education by 2020 was ob-
tained from the National Education Database at Statistics Norway.

We restricted our study population to women with their first 
pregnancy registered in the MBRN during 1967–2013 (Figure  1). 
This provided enough follow-up time for women to have a second 
pregnancy by 2020 as 95% of Norwegian women with two or more 
pregnancies have their second pregnancy within 7 years.1 All women 
were followed until 2020 for deaths before 70 years of age.

There have been changes in the data quality of MBRN during 
the 50 years since its establishment, mainly due to the change of 
the notification form in 1999 from being based solely on free text 
to adding check boxes. These changes are unlikely to impact the 
reporting of singleton or multiple gestations over time. Reporting 
of some pregnancy complications including mild pre-eclampsia and 
late spontaneous abortions have improved over time. Registry-
based research depends on valid information, and over the years, 
several MBRN variables have been validated with mostly accept-
able results.16 Pre-eclampsia was for example found to have a pos-
itive predictive value of 88.3% (births 1967–2002) in one study, 
using the diagnostic criteria at that time.17 In a study of births 1999–
2010, the positive predictive value of pre-eclampsia was 83.9%.18

2.2  |  Lifetime successive pregnancies approach

By linking data on a woman's successive pregnancies through her 
lifetime to later health outcomes allows a more comprehensive study 
of possible associations between reproductive events and long-term 
health.19 In this study, we linked consecutive pregnancies (as registered 
in the MBRN) to the women, to compare women with twin and single-
ton pregnancies accounting for their lifetime number of pregnancies.

2.3  |  Exposure variables

Lifetime reproductive history, ascertained at the end of reproduc-
tion or 2020, consisting of six mutually exclusive categories were 
used as exposure: (1) Women with only one twin pregnancy, (2) 
Women with only one singleton pregnancy, (3) Women with only 
two singleton pregnancies, (4) Women with a first twin pregnancy 
and continued reproduction, (5) Women with a first singleton preg-
nancy and twins in later reproduction and (6) Women with three sin-
gleton pregnancies as the referent group (Figure 1). Given that two 
pregnancies are a common pregnancy pattern among singletons, we 
chose three pregnancies as the referent so that three children (two 
pregnancies for those that start with twins or three pregnancies for 
those who start with a singleton) were a possible stopping point for 
both twin and singleton first births.

Complications in each pregnancy were obtained from the MBRN. 
A diagnosis of pre-eclampsia is based on the definition provided by 
the Norwegian Gynaecological Association and aligned with the cri-
teria recommended by the American College of Obstetricians and 
Gynaecologists (see further definition in Appendix S1). Preterm de-
livery was defined as births before 37 completed weeks of gestation. 
Perinatal loss included losses between 16 and 22 weeks, stillbirths 
and neonatal deaths during the first week after birth (one or both 
infants in case of twins). The six categories of reproductive history 
were further stratified by occurrence of pregnancy complications: 
pre-eclampsia, preterm delivery, perinatal loss in any pregnancy. 
This resulted in 12 exposure categories with women who had three 
singletons and no complication in any pregnancy as the referent.

2.4  |  Outcome

The main outcome variable was Atherosclerotic Cardiovascular Disease 
(ASCVD) mortality defined as death from ischaemic heart disease or 
cerebrovascular disease or peripheral arterial disease in women be-
fore 70 years of age. We used codes from the International Statistical 
Classification of Diseases and Related Health Problems (ICD) to define 
our outcome as shown in Appendix S1. In addition, results using more 
expansive definition of CVD are presented in Appendix S1.

2.5  |  Covariates

Estimates were adjusted for calendar year of first delivery, mother's 
age at first birth, maternal education: <9 years, 10–12 years and 
≥13 years (reference) and chronic medical conditions available in the 
MBRN (Type 1 or Type 2 diabetes mellitus, hypertension, kidney dis-
ease and rheumatoid arthritis).

2.6  |  Exclusions

Pregnancies conceived by assisted reproductive technologies (ART) 
were excluded from the main analyses as infertility/subfertility could 
be associated with underlying factors predisposing women for car-
diovascular disease.20,21 In addition, information on ART was not 
available for the whole study period in the MBRN. We also excluded 
women with any higher order multi-foetal pregnancies (≥triplets), 
as these pregnancies are rare and associated with specific obstetric 
challenges. Further, we excluded women with four singleton preg-
nancies (n = 63,756).

2.7  |  Statistical methods

All data were analysed using STATA version 17. Descriptive statis-
tics were presented as number and percentages. To estimate hazard 
ratios with 95% confidence intervals (CI) for ASCVD mortality by 
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available for the whole study period in the MBRN. We also excluded 
women with any higher order multi-foetal pregnancies (≥triplets), 
as these pregnancies are rare and associated with specific obstetric 
challenges. Further, we excluded women with four singleton preg-
nancies (n = 63,756).

2.7 | Statistical methods

All data were analysed using STATA version 17. Descriptive statis-
tics were presented as number and percentages. To estimate hazard 
ratios with 95% confidence intervals (CI) for ASCVD mortality by 

   | 21 BASNET et al.

with the Cause of Death Registry provided information on mother's 
causes of death. The Cause of Death Registry, established in 1954, 
contains information on the underlying and contributing causes of 
death, registered using ICD codes. The form is filled out by a medi-
cal doctor and is quality-assured using other national registries. 
Information on highest attained level of education by 2020 was ob-
tained from the National Education Database at Statistics Norway.

We restricted our study population to women with their first 
pregnancy registered in the MBRN during 1967–2013 (Figure 1). 
This provided enough follow-up time for women to have a second 
pregnancy by 2020 as 95% of Norwegian women with two or more 
pregnancies have their second pregnancy within 7 years.1 All women 
were followed until 2020 for deaths before 70 years of age.

There have been changes in the data quality of MBRN during 
the 50 years since its establishment, mainly due to the change of 
the notification form in 1999 from being based solely on free text 
to adding check boxes. These changes are unlikely to impact the 
reporting of singleton or multiple gestations over time. Reporting 
of some pregnancy complications including mild pre-eclampsia and 
late spontaneous abortions have improved over time. Registry-
based research depends on valid information, and over the years, 
several MBRN variables have been validated with mostly accept-
able results.16 Pre-eclampsia was for example found to have a pos-
itive predictive value of 88.3% (births 1967–2002) in one study, 
using the diagnostic criteria at that time.17 In a study of births 1999–
2010, the positive predictive value of pre-eclampsia was 83.9%.18

2.2 | Lifetime successive pregnancies approach

By linking data on a woman's successive pregnancies through her 
lifetime to later health outcomes allows a more comprehensive study 
of possible associations between reproductive events and long-term 
health.19 In this study, we linked consecutive pregnancies (as registered 
in the MBRN) to the women, to compare women with twin and single-
ton pregnancies accounting for their lifetime number of pregnancies.

2.3 | Exposure variables

Lifetime reproductive history, ascertained at the end of reproduc-
tion or 2020, consisting of six mutually exclusive categories were 
used as exposure: (1) Women with only one twin pregnancy, (2) 
Women with only one singleton pregnancy, (3) Women with only 
two singleton pregnancies, (4) Women with a first twin pregnancy 
and continued reproduction, (5) Women with a first singleton preg-
nancy and twins in later reproduction and (6) Women with three sin-
gleton pregnancies as the referent group (Figure 1). Given that two 
pregnancies are a common pregnancy pattern among singletons, we 
chose three pregnancies as the referent so that three children (two 
pregnancies for those that start with twins or three pregnancies for 
those who start with a singleton) were a possible stopping point for 
both twin and singleton first births.

Complications in each pregnancy were obtained from the MBRN. 
A diagnosis of pre-eclampsia is based on the definition provided by 
the Norwegian Gynaecological Association and aligned with the cri-
teria recommended by the American College of Obstetricians and 
Gynaecologists (see further definition in Appendix S1). Preterm de-
livery was defined as births before 37 completed weeks of gestation. 
Perinatal loss included losses between 16 and 22 weeks, stillbirths 
and neonatal deaths during the first week after birth (one or both 
infants in case of twins). The six categories of reproductive history 
were further stratified by occurrence of pregnancy complications: 
pre-eclampsia, preterm delivery, perinatal loss in any pregnancy. 
This resulted in 12 exposure categories with women who had three 
singletons and no complication in any pregnancy as the referent.

2.4 | Outcome

The main outcome variable was Atherosclerotic Cardiovascular Disease 
(ASCVD) mortality defined as death from ischaemic heart disease or 
cerebrovascular disease or peripheral arterial disease in women be-
fore 70 years of age. We used codes from the International Statistical 
Classification of Diseases and Related Health Problems (ICD) to define 
our outcome as shown in Appendix S1. In addition, results using more 
expansive definition of CVD are presented in Appendix S1.

2.5 | Covariates

Estimates were adjusted for calendar year of first delivery, mother's 
age at first birth, maternal education: <9 years, 10–12 years and 
≥13 years (reference) and chronic medical conditions available in the 
MBRN (Type 1 or Type 2 diabetes mellitus, hypertension, kidney dis-
ease and rheumatoid arthritis).

2.6 | Exclusions

Pregnancies conceived by assisted reproductive technologies (ART) 
were excluded from the main analyses as infertility/subfertility could 
be associated with underlying factors predisposing women for car-
diovascular disease.20,21 In addition, information on ART was not 
available for the whole study period in the MBRN. We also excluded 
women with any higher order multi-foetal pregnancies (≥triplets), 
as these pregnancies are rare and associated with specific obstetric 
challenges. Further, we excluded women with four singleton preg-
nancies (n = 63,756).

2.7 | Statistical methods

All data were analysed using STATA version 17. Descriptive statis-
tics were presented as number and percentages. To estimate hazard 
ratios with 95% confidence intervals (CI) for ASCVD mortality by 



22  |    BASNET et al.

the six categories of  reproductive history in women, we used Cox 
proportional hazard regression models with women's age as the 
underlying time variable. We adjusted for age at first birth, year of 
first birth, education and chronic medical conditions as potential 
confounders. Women were considered at risk of death from the age 
at their last pregnancy. Women were censored at death, age 70 or 
when follow-up ended in 2020, whichever came first.

2.8  |  Missing data

In our study population, missing data on the covariates were rare, 
we used complete case analysis. Less than 1% of the maternal edu-
cation and 4.2% of the women's gestational ages were missing. 
Information on maternal age and year of birth of first child were 
complete.

F I G U R E  1  Flowchart of study population. ART, assisted reproductive technology; ASCVD, atherosclerotic cardiovascular disease. *Other 
reproductive history than the six categories presented above were not included in the analysis. For example, mothers with four singletons, 
triplets in first pregnancy or later etc. were excluded. +Women with twins either in second, third or fourth pregnancy.
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Women with naturally conceived twin and singleton pregnancies  
n=1 051 814 
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Women with other than the six
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(n=63 756), triplets in first 
pregnancy (n=204), singleton in 
the first and triplets in second 
pregnancy (n=131) were 
excluded. 
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2.9  |  Sensitivity analysis

To evaluate the robustness of our findings, we conducted multi-
ple sensitivity analyses. We assessed the risk of ASCVD mortality in 
women who had completed their reproduction (age 40). For this analy-
sis, women who were not 40 years of age by the end of follow-up or 
women who died before 40 years of age were excluded. We also re-
peated the main analysis after including women who conceived using 
ART. We additionally performed the main analysis (ASCVD mortality in 
the six exposure groups) restricted to gestational age above 22 weeks 
to evaluate selection bias due to incomplete recording of pregnancies 
ending before 22 weeks. Finally, we evaluated whether associations 
by reproductive history changed when the outcome variable was ex-
tended to include hypertensive heart disease and cardiomyopathy.

3  |  RESULTS

Maternal and pregnancy characteristics of 974,892 women by plu-
rality of first pregnancy (singleton or twin) are shown in Table 1. In 
total 1.2% of first pregnancies were twins. Women with a first twin 
pregnancy were older, had higher frequency of university degrees, 
shorter gestations and more often delivered preterm (48% vs. 6%) 
compared to women with a first singleton pregnancy. Also, pre-
eclampsia (14% vs. 4%) and perinatal loss (6% vs. 1%) were more fre-
quent in women with a first twin pregnancy. In total 42,182 women 
died before the age of 70 years during 1967–2020, of which 5699 
(13.5%) died of cardiovascular causes. ASCVD deaths among women 
with twins in any pregnancy accounted for 2.8% of all ASCVD deaths.

Table 2 shows the distribution of deaths across the six catego-
ries of  reproductive history for ASCVD using women with three 
singleton pregnancies as the referent group. Women with only one 
lifetime pregnancy had increased risk of ASCVD death, both if their 
only pregnancy was with twins (adjusted HR (aHR) 1.72, 95% CI 
1.21, 2.43) or a singleton (aHR 1.92, 95% CI 1.78, 2.07). The point 
estimate was slightly higher for women with one lifetime singleton 
pregnancy than women with one lifetime twin pregnancy. No in-
creased risk was found for women with a first twin pregnancy and 
continued reproduction (aHR 0.76, 95% CI 0.48, 1.19). Women with 
a first singleton pregnancy and twins in later reproduction, however, 
had an increased risk of ASCVD death (aHR: 1.49, 95% CI 1.22, 1.81). 
A small increase was also found for women with two singletons (aHR 
1.08, 95% CI 1.01, 1.15) compared to the referent.

Risk of long-term ASCVD mortality by one or more pregnancy 
complications (pre-eclampsia, preterm delivery, perinatal loss) is out-
lined in Table 3. Women with only one lifetime pregnancy had sub-
stantially increased risk of dying from ASCVD in the presence of one 
or more complications. This was true both for women with only one 
twin (aHR 2.36, 95% CI 1.49, 3.71) or women with only one singleton 
(aHR 3.56, 95% CI 3.12, 4.06). Women with one lifetime pregnancy 
without complications also had an elevated risk of ASCVD death if 
the pregnancy was a singleton (aHR 1.99, 95% CI 1.82, 2.17). The 
relative risk of dying from ASCVD for women with one lifetime twin 
pregnancy without complications was aHR 1.57 (95% CI 0.92, 2.66).

When restricting analyses to deaths between 40 and 69 years 
of age and when including women with IVF, results were essentially 
the same (Tables S1 and S2). In addition, the results were substan-
tially the same when restricted to gestational age above 22 weeks 
(Table  S3). Additionally, using an extended definition of CVD also 
yielded similar results (Table S4).

4  |  COMMENT

4.1  |  Principal findings

Women with only one lifetime twin pregnancy and women with 
only one lifetime singleton pregnancy had similarly increased risk of 
ASCVD mortality compared to women with three singleton pregnan-
cies. Although twin pregnancies are more likely to have pregnancy 

TA B L E  1  Maternal and pregnancy characteristics of 974,892 
women's first pregnancy registered in the Medical Birth Registry of 
Norway, 1967–2013

Women with first 
twin pregnancy

Women with first 
singleton pregnancy

N (%) N (%)

Total 11,247 963,645

Maternal age at first birth

≤19 768 (6.8) 108,321 (11.2)

20–24 3364 (29.9) 359,731 (37.3)

25–29 4006 (35.6) 320,707 (33.3)

30–34 2187 (19.5) 133,135 (13.8)

35–39 761 (6.8) 35,725 (3.7)

40–44 137 (1.2) 5754 (0.6)

≥45 24 (0.2) 272 (0.03)

Maternal education

Primary school 1899 (16.9) 182,155 (18.9)

High school 4107 (36.5) 377,148 (39.2)

University 5150 (45.8) 395,289 (41.0)

Missing education 91 (0.8) 9053 (0.9)

Gestational age

<28 578 (5.1) 4877 (0.5)

28–31 768 (6.8) 6353 (0.6)

32–33 987 (8.9) 7458 (0.8)

34–36 3059 (27.2) 38,017 (3.9)

37–38 3101 (27.6) 119,224 (12.4)

39+ weeks 2346 (20.8) 747,552 (77.6)

Missing 408 (3.6) 40,164 (4.2)

Perinatal loss 724 (6.4) 9758 (1.0)

Pre-eclampsia 1588 (14.1) 41,725 (4.3)

Preterm delivery 5392 (47.9) 56,705 (5.9)

Chronic conditionsa 340 (3.0) 22,488 (2.3)

aIncludes chronic medical conditions (diabetes, hypertension, kidney 
disease and rheumatoid arthritis).

   | 23 BASNET et al.

2.9 | Sensitivity analysis

To evaluate the robustness of our findings, we conducted multi-
ple sensitivity analyses. We assessed the risk of ASCVD mortality in 
women who had completed their reproduction (age 40). For this analy-
sis, women who were not 40 years of age by the end of follow-up or 
women who died before 40 years of age were excluded. We also re-
peated the main analysis after including women who conceived using 
ART. We additionally performed the main analysis (ASCVD mortality in 
the six exposure groups) restricted to gestational age above 22 weeks 
to evaluate selection bias due to incomplete recording of pregnancies 
ending before 22 weeks. Finally, we evaluated whether associations 
by reproductive history changed when the outcome variable was ex-
tended to include hypertensive heart disease and cardiomyopathy.

3 | RESULTS

Maternal and pregnancy characteristics of 974,892 women by plu-
rality of first pregnancy (singleton or twin) are shown in Table 1. In 
total 1.2% of first pregnancies were twins. Women with a first twin 
pregnancy were older, had higher frequency of university degrees, 
shorter gestations and more often delivered preterm (48% vs. 6%) 
compared to women with a first singleton pregnancy. Also, pre-
eclampsia (14% vs. 4%) and perinatal loss (6% vs. 1%) were more fre-
quent in women with a first twin pregnancy. In total 42,182 women 
died before the age of 70 years during 1967–2020, of which 5699 
(13.5%) died of cardiovascular causes. ASCVD deaths among women 
with twins in any pregnancy accounted for 2.8% of all ASCVD deaths.

Table 2 shows the distribution of deaths across the six catego-
ries of reproductive history for ASCVD using women with three 
singleton pregnancies as the referent group. Women with only one 
lifetime pregnancy had increased risk of ASCVD death, both if their 
only pregnancy was with twins (adjusted HR (aHR) 1.72, 95% CI 
1.21, 2.43) or a singleton (aHR 1.92, 95% CI 1.78, 2.07). The point 
estimate was slightly higher for women with one lifetime singleton 
pregnancy than women with one lifetime twin pregnancy. No in-
creased risk was found for women with a first twin pregnancy and 
continued reproduction (aHR 0.76, 95% CI 0.48, 1.19). Women with 
a first singleton pregnancy and twins in later reproduction, however, 
had an increased risk of ASCVD death (aHR: 1.49, 95% CI 1.22, 1.81). 
A small increase was also found for women with two singletons (aHR 
1.08, 95% CI 1.01, 1.15) compared to the referent.

Risk of long-term ASCVD mortality by one or more pregnancy 
complications (pre-eclampsia, preterm delivery, perinatal loss) is out-
lined in Table 3. Women with only one lifetime pregnancy had sub-
stantially increased risk of dying from ASCVD in the presence of one 
or more complications. This was true both for women with only one 
twin (aHR 2.36, 95% CI 1.49, 3.71) or women with only one singleton 
(aHR 3.56, 95% CI 3.12, 4.06). Women with one lifetime pregnancy 
without complications also had an elevated risk of ASCVD death if 
the pregnancy was a singleton (aHR 1.99, 95% CI 1.82, 2.17). The 
relative risk of dying from ASCVD for women with one lifetime twin 
pregnancy without complications was aHR 1.57 (95% CI 0.92, 2.66).

When restricting analyses to deaths between 40 and 69 years 
of age and when including women with IVF, results were essentially 
the same (Tables S1 and S2). In addition, the results were substan-
tially the same when restricted to gestational age above 22 weeks 
(Table S3). Additionally, using an extended definition of CVD also 
yielded similar results (Table S4).

4 | COMMENT

4.1 | Principal findings

Women with only one lifetime twin pregnancy and women with 
only one lifetime singleton pregnancy had similarly increased risk of 
ASCVD mortality compared to women with three singleton pregnan-
cies. Although twin pregnancies are more likely to have pregnancy 

TABLE 1 Maternal and pregnancy characteristics of 974,892 
women's first pregnancy registered in the Medical Birth Registry of 
Norway, 1967–2013

Women with first 
twin pregnancy

Women with first 
singleton pregnancy

N (%)N (%)

Total11,247963,645

Maternal age at first birth

≤19768 (6.8)108,321 (11.2)

20–243364 (29.9)359,731 (37.3)

25–294006 (35.6)320,707 (33.3)

30–342187 (19.5)133,135 (13.8)

35–39761 (6.8)35,725 (3.7)

40–44137 (1.2)5754 (0.6)

≥4524 (0.2)272 (0.03)

Maternal education

Primary school1899 (16.9)182,155 (18.9)

High school4107 (36.5)377,148 (39.2)

University5150 (45.8)395,289 (41.0)

Missing education91 (0.8)9053 (0.9)

Gestational age

<28578 (5.1)4877 (0.5)

28–31768 (6.8)6353 (0.6)

32–33987 (8.9)7458 (0.8)

34–363059 (27.2)38,017 (3.9)

37–383101 (27.6)119,224 (12.4)

39+ weeks2346 (20.8)747,552 (77.6)

Missing408 (3.6)40,164 (4.2)

Perinatal loss724 (6.4)9758 (1.0)

Pre-eclampsia1588 (14.1)41,725 (4.3)

Preterm delivery5392 (47.9)56,705 (5.9)

Chronic conditionsa340 (3.0)22,488 (2.3)

aIncludes chronic medical conditions (diabetes, hypertension, kidney 
disease and rheumatoid arthritis).
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2.9 | Sensitivity analysis

To evaluate the robustness of our findings, we conducted multi-
ple sensitivity analyses. We assessed the risk of ASCVD mortality in 
women who had completed their reproduction (age 40). For this analy-
sis, women who were not 40 years of age by the end of follow-up or 
women who died before 40 years of age were excluded. We also re-
peated the main analysis after including women who conceived using 
ART. We additionally performed the main analysis (ASCVD mortality in 
the six exposure groups) restricted to gestational age above 22 weeks 
to evaluate selection bias due to incomplete recording of pregnancies 
ending before 22 weeks. Finally, we evaluated whether associations 
by reproductive history changed when the outcome variable was ex-
tended to include hypertensive heart disease and cardiomyopathy.

3 | RESULTS

Maternal and pregnancy characteristics of 974,892 women by plu-
rality of first pregnancy (singleton or twin) are shown in Table 1. In 
total 1.2% of first pregnancies were twins. Women with a first twin 
pregnancy were older, had higher frequency of university degrees, 
shorter gestations and more often delivered preterm (48% vs. 6%) 
compared to women with a first singleton pregnancy. Also, pre-
eclampsia (14% vs. 4%) and perinatal loss (6% vs. 1%) were more fre-
quent in women with a first twin pregnancy. In total 42,182 women 
died before the age of 70 years during 1967–2020, of which 5699 
(13.5%) died of cardiovascular causes. ASCVD deaths among women 
with twins in any pregnancy accounted for 2.8% of all ASCVD deaths.

Table 2 shows the distribution of deaths across the six catego-
ries of reproductive history for ASCVD using women with three 
singleton pregnancies as the referent group. Women with only one 
lifetime pregnancy had increased risk of ASCVD death, both if their 
only pregnancy was with twins (adjusted HR (aHR) 1.72, 95% CI 
1.21, 2.43) or a singleton (aHR 1.92, 95% CI 1.78, 2.07). The point 
estimate was slightly higher for women with one lifetime singleton 
pregnancy than women with one lifetime twin pregnancy. No in-
creased risk was found for women with a first twin pregnancy and 
continued reproduction (aHR 0.76, 95% CI 0.48, 1.19). Women with 
a first singleton pregnancy and twins in later reproduction, however, 
had an increased risk of ASCVD death (aHR: 1.49, 95% CI 1.22, 1.81). 
A small increase was also found for women with two singletons (aHR 
1.08, 95% CI 1.01, 1.15) compared to the referent.

Risk of long-term ASCVD mortality by one or more pregnancy 
complications (pre-eclampsia, preterm delivery, perinatal loss) is out-
lined in Table 3. Women with only one lifetime pregnancy had sub-
stantially increased risk of dying from ASCVD in the presence of one 
or more complications. This was true both for women with only one 
twin (aHR 2.36, 95% CI 1.49, 3.71) or women with only one singleton 
(aHR 3.56, 95% CI 3.12, 4.06). Women with one lifetime pregnancy 
without complications also had an elevated risk of ASCVD death if 
the pregnancy was a singleton (aHR 1.99, 95% CI 1.82, 2.17). The 
relative risk of dying from ASCVD for women with one lifetime twin 
pregnancy without complications was aHR 1.57 (95% CI 0.92, 2.66).

When restricting analyses to deaths between 40 and 69 years 
of age and when including women with IVF, results were essentially 
the same (Tables S1 and S2). In addition, the results were substan-
tially the same when restricted to gestational age above 22 weeks 
(Table S3). Additionally, using an extended definition of CVD also 
yielded similar results (Table S4).

4 | COMMENT

4.1 | Principal findings
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cies. Although twin pregnancies are more likely to have pregnancy 

TABLE 1 Maternal and pregnancy characteristics of 974,892 
women's first pregnancy registered in the Medical Birth Registry of 
Norway, 1967–2013

Women with first 
twin pregnancy

Women with first 
singleton pregnancy

N (%)N (%)

Total11,247963,645

Maternal age at first birth

≤19768 (6.8)108,321 (11.2)

20–243364 (29.9)359,731 (37.3)

25–294006 (35.6)320,707 (33.3)

30–342187 (19.5)133,135 (13.8)

35–39761 (6.8)35,725 (3.7)

40–44137 (1.2)5754 (0.6)

≥4524 (0.2)272 (0.03)
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Primary school1899 (16.9)182,155 (18.9)

High school4107 (36.5)377,148 (39.2)

University5150 (45.8)395,289 (41.0)

Missing education91 (0.8)9053 (0.9)

Gestational age

<28578 (5.1)4877 (0.5)

28–31768 (6.8)6353 (0.6)

32–33987 (8.9)7458 (0.8)

34–363059 (27.2)38,017 (3.9)

37–383101 (27.6)119,224 (12.4)
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2.9  |  Sensitivity analysis

To evaluate the robustness of our findings, we conducted multi-
ple sensitivity analyses. We assessed the risk of ASCVD mortality in 
women who had completed their reproduction (age 40). For this analy-
sis, women who were not 40 years of age by the end of follow-up or 
women who died before 40 years of age were excluded. We also re-
peated the main analysis after including women who conceived using 
ART. We additionally performed the main analysis (ASCVD mortality in 
the six exposure groups) restricted to gestational age above 22 weeks 
to evaluate selection bias due to incomplete recording of pregnancies 
ending before 22 weeks. Finally, we evaluated whether associations 
by reproductive history changed when the outcome variable was ex-
tended to include hypertensive heart disease and cardiomyopathy.

3  |  RESULTS

Maternal and pregnancy characteristics of 974,892 women by plu-
rality of first pregnancy (singleton or twin) are shown in Table 1. In 
total 1.2% of first pregnancies were twins. Women with a first twin 
pregnancy were older, had higher frequency of university degrees, 
shorter gestations and more often delivered preterm (48% vs. 6%) 
compared to women with a first singleton pregnancy. Also, pre-
eclampsia (14% vs. 4%) and perinatal loss (6% vs. 1%) were more fre-
quent in women with a first twin pregnancy. In total 42,182 women 
died before the age of 70 years during 1967–2020, of which 5699 
(13.5%) died of cardiovascular causes. ASCVD deaths among women 
with twins in any pregnancy accounted for 2.8% of all ASCVD deaths.

Table 2 shows the distribution of deaths across the six catego-
ries of  reproductive history for ASCVD using women with three 
singleton pregnancies as the referent group. Women with only one 
lifetime pregnancy had increased risk of ASCVD death, both if their 
only pregnancy was with twins (adjusted HR (aHR) 1.72, 95% CI 
1.21, 2.43) or a singleton (aHR 1.92, 95% CI 1.78, 2.07). The point 
estimate was slightly higher for women with one lifetime singleton 
pregnancy than women with one lifetime twin pregnancy. No in-
creased risk was found for women with a first twin pregnancy and 
continued reproduction (aHR 0.76, 95% CI 0.48, 1.19). Women with 
a first singleton pregnancy and twins in later reproduction, however, 
had an increased risk of ASCVD death (aHR: 1.49, 95% CI 1.22, 1.81). 
A small increase was also found for women with two singletons (aHR 
1.08, 95% CI 1.01, 1.15) compared to the referent.

Risk of long-term ASCVD mortality by one or more pregnancy 
complications (pre-eclampsia, preterm delivery, perinatal loss) is out-
lined in Table 3. Women with only one lifetime pregnancy had sub-
stantially increased risk of dying from ASCVD in the presence of one 
or more complications. This was true both for women with only one 
twin (aHR 2.36, 95% CI 1.49, 3.71) or women with only one singleton 
(aHR 3.56, 95% CI 3.12, 4.06). Women with one lifetime pregnancy 
without complications also had an elevated risk of ASCVD death if 
the pregnancy was a singleton (aHR 1.99, 95% CI 1.82, 2.17). The 
relative risk of dying from ASCVD for women with one lifetime twin 
pregnancy without complications was aHR 1.57 (95% CI 0.92, 2.66).

When restricting analyses to deaths between 40 and 69 years 
of age and when including women with IVF, results were essentially 
the same (Tables S1 and S2). In addition, the results were substan-
tially the same when restricted to gestational age above 22 weeks 
(Table  S3). Additionally, using an extended definition of CVD also 
yielded similar results (Table S4).
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4.1  |  Principal findings

Women with only one lifetime twin pregnancy and women with 
only one lifetime singleton pregnancy had similarly increased risk of 
ASCVD mortality compared to women with three singleton pregnan-
cies. Although twin pregnancies are more likely to have pregnancy 

TA B L E  1  Maternal and pregnancy characteristics of 974,892 
women's first pregnancy registered in the Medical Birth Registry of 
Norway, 1967–2013

Women with first 
twin pregnancy

Women with first 
singleton pregnancy

N (%) N (%)

Total 11,247 963,645

Maternal age at first birth

≤19 768 (6.8) 108,321 (11.2)

20–24 3364 (29.9) 359,731 (37.3)

25–29 4006 (35.6) 320,707 (33.3)

30–34 2187 (19.5) 133,135 (13.8)

35–39 761 (6.8) 35,725 (3.7)

40–44 137 (1.2) 5754 (0.6)

≥45 24 (0.2) 272 (0.03)

Maternal education

Primary school 1899 (16.9) 182,155 (18.9)

High school 4107 (36.5) 377,148 (39.2)

University 5150 (45.8) 395,289 (41.0)

Missing education 91 (0.8) 9053 (0.9)

Gestational age

<28 578 (5.1) 4877 (0.5)

28–31 768 (6.8) 6353 (0.6)

32–33 987 (8.9) 7458 (0.8)

34–36 3059 (27.2) 38,017 (3.9)

37–38 3101 (27.6) 119,224 (12.4)

39+ weeks 2346 (20.8) 747,552 (77.6)

Missing 408 (3.6) 40,164 (4.2)

Perinatal loss 724 (6.4) 9758 (1.0)

Pre-eclampsia 1588 (14.1) 41,725 (4.3)

Preterm delivery 5392 (47.9) 56,705 (5.9)

Chronic conditionsa 340 (3.0) 22,488 (2.3)

aIncludes chronic medical conditions (diabetes, hypertension, kidney 
disease and rheumatoid arthritis).
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2.9  |  Sensitivity analysis

To evaluate the robustness of our findings, we conducted multi-
ple sensitivity analyses. We assessed the risk of ASCVD mortality in 
women who had completed their reproduction (age 40). For this analy-
sis, women who were not 40 years of age by the end of follow-up or 
women who died before 40 years of age were excluded. We also re-
peated the main analysis after including women who conceived using 
ART. We additionally performed the main analysis (ASCVD mortality in 
the six exposure groups) restricted to gestational age above 22 weeks 
to evaluate selection bias due to incomplete recording of pregnancies 
ending before 22 weeks. Finally, we evaluated whether associations 
by reproductive history changed when the outcome variable was ex-
tended to include hypertensive heart disease and cardiomyopathy.

3  |  RESULTS

Maternal and pregnancy characteristics of 974,892 women by plu-
rality of first pregnancy (singleton or twin) are shown in Table 1. In 
total 1.2% of first pregnancies were twins. Women with a first twin 
pregnancy were older, had higher frequency of university degrees, 
shorter gestations and more often delivered preterm (48% vs. 6%) 
compared to women with a first singleton pregnancy. Also, pre-
eclampsia (14% vs. 4%) and perinatal loss (6% vs. 1%) were more fre-
quent in women with a first twin pregnancy. In total 42,182 women 
died before the age of 70 years during 1967–2020, of which 5699 
(13.5%) died of cardiovascular causes. ASCVD deaths among women 
with twins in any pregnancy accounted for 2.8% of all ASCVD deaths.

Table 2 shows the distribution of deaths across the six catego-
ries of  reproductive history for ASCVD using women with three 
singleton pregnancies as the referent group. Women with only one 
lifetime pregnancy had increased risk of ASCVD death, both if their 
only pregnancy was with twins (adjusted HR (aHR) 1.72, 95% CI 
1.21, 2.43) or a singleton (aHR 1.92, 95% CI 1.78, 2.07). The point 
estimate was slightly higher for women with one lifetime singleton 
pregnancy than women with one lifetime twin pregnancy. No in-
creased risk was found for women with a first twin pregnancy and 
continued reproduction (aHR 0.76, 95% CI 0.48, 1.19). Women with 
a first singleton pregnancy and twins in later reproduction, however, 
had an increased risk of ASCVD death (aHR: 1.49, 95% CI 1.22, 1.81). 
A small increase was also found for women with two singletons (aHR 
1.08, 95% CI 1.01, 1.15) compared to the referent.

Risk of long-term ASCVD mortality by one or more pregnancy 
complications (pre-eclampsia, preterm delivery, perinatal loss) is out-
lined in Table 3. Women with only one lifetime pregnancy had sub-
stantially increased risk of dying from ASCVD in the presence of one 
or more complications. This was true both for women with only one 
twin (aHR 2.36, 95% CI 1.49, 3.71) or women with only one singleton 
(aHR 3.56, 95% CI 3.12, 4.06). Women with one lifetime pregnancy 
without complications also had an elevated risk of ASCVD death if 
the pregnancy was a singleton (aHR 1.99, 95% CI 1.82, 2.17). The 
relative risk of dying from ASCVD for women with one lifetime twin 
pregnancy without complications was aHR 1.57 (95% CI 0.92, 2.66).

When restricting analyses to deaths between 40 and 69 years 
of age and when including women with IVF, results were essentially 
the same (Tables S1 and S2). In addition, the results were substan-
tially the same when restricted to gestational age above 22 weeks 
(Table  S3). Additionally, using an extended definition of CVD also 
yielded similar results (Table S4).
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only one lifetime singleton pregnancy had similarly increased risk of 
ASCVD mortality compared to women with three singleton pregnan-
cies. Although twin pregnancies are more likely to have pregnancy 
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≤19 768 (6.8) 108,321 (11.2)

20–24 3364 (29.9) 359,731 (37.3)

25–29 4006 (35.6) 320,707 (33.3)

30–34 2187 (19.5) 133,135 (13.8)

35–39 761 (6.8) 35,725 (3.7)

40–44 137 (1.2) 5754 (0.6)

≥45 24 (0.2) 272 (0.03)

Maternal education

Primary school 1899 (16.9) 182,155 (18.9)

High school 4107 (36.5) 377,148 (39.2)

University 5150 (45.8) 395,289 (41.0)

Missing education 91 (0.8) 9053 (0.9)

Gestational age

<28 578 (5.1) 4877 (0.5)

28–31 768 (6.8) 6353 (0.6)

32–33 987 (8.9) 7458 (0.8)

34–36 3059 (27.2) 38,017 (3.9)

37–38 3101 (27.6) 119,224 (12.4)

39+ weeks 2346 (20.8) 747,552 (77.6)

Missing 408 (3.6) 40,164 (4.2)

Perinatal loss 724 (6.4) 9758 (1.0)

Pre-eclampsia 1588 (14.1) 41,725 (4.3)

Preterm delivery 5392 (47.9) 56,705 (5.9)

Chronic conditionsa 340 (3.0) 22,488 (2.3)

aIncludes chronic medical conditions (diabetes, hypertension, kidney 
disease and rheumatoid arthritis).
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2.9 | Sensitivity analysis

To evaluate the robustness of our findings, we conducted multi-
ple sensitivity analyses. We assessed the risk of ASCVD mortality in 
women who had completed their reproduction (age 40). For this analy-
sis, women who were not 40 years of age by the end of follow-up or 
women who died before 40 years of age were excluded. We also re-
peated the main analysis after including women who conceived using 
ART. We additionally performed the main analysis (ASCVD mortality in 
the six exposure groups) restricted to gestational age above 22 weeks 
to evaluate selection bias due to incomplete recording of pregnancies 
ending before 22 weeks. Finally, we evaluated whether associations 
by reproductive history changed when the outcome variable was ex-
tended to include hypertensive heart disease and cardiomyopathy.

3 | RESULTS

Maternal and pregnancy characteristics of 974,892 women by plu-
rality of first pregnancy (singleton or twin) are shown in Table 1. In 
total 1.2% of first pregnancies were twins. Women with a first twin 
pregnancy were older, had higher frequency of university degrees, 
shorter gestations and more often delivered preterm (48% vs. 6%) 
compared to women with a first singleton pregnancy. Also, pre-
eclampsia (14% vs. 4%) and perinatal loss (6% vs. 1%) were more fre-
quent in women with a first twin pregnancy. In total 42,182 women 
died before the age of 70 years during 1967–2020, of which 5699 
(13.5%) died of cardiovascular causes. ASCVD deaths among women 
with twins in any pregnancy accounted for 2.8% of all ASCVD deaths.

Table 2 shows the distribution of deaths across the six catego-
ries of reproductive history for ASCVD using women with three 
singleton pregnancies as the referent group. Women with only one 
lifetime pregnancy had increased risk of ASCVD death, both if their 
only pregnancy was with twins (adjusted HR (aHR) 1.72, 95% CI 
1.21, 2.43) or a singleton (aHR 1.92, 95% CI 1.78, 2.07). The point 
estimate was slightly higher for women with one lifetime singleton 
pregnancy than women with one lifetime twin pregnancy. No in-
creased risk was found for women with a first twin pregnancy and 
continued reproduction (aHR 0.76, 95% CI 0.48, 1.19). Women with 
a first singleton pregnancy and twins in later reproduction, however, 
had an increased risk of ASCVD death (aHR: 1.49, 95% CI 1.22, 1.81). 
A small increase was also found for women with two singletons (aHR 
1.08, 95% CI 1.01, 1.15) compared to the referent.

Risk of long-term ASCVD mortality by one or more pregnancy 
complications (pre-eclampsia, preterm delivery, perinatal loss) is out-
lined in Table 3. Women with only one lifetime pregnancy had sub-
stantially increased risk of dying from ASCVD in the presence of one 
or more complications. This was true both for women with only one 
twin (aHR 2.36, 95% CI 1.49, 3.71) or women with only one singleton 
(aHR 3.56, 95% CI 3.12, 4.06). Women with one lifetime pregnancy 
without complications also had an elevated risk of ASCVD death if 
the pregnancy was a singleton (aHR 1.99, 95% CI 1.82, 2.17). The 
relative risk of dying from ASCVD for women with one lifetime twin 
pregnancy without complications was aHR 1.57 (95% CI 0.92, 2.66).

When restricting analyses to deaths between 40 and 69 years 
of age and when including women with IVF, results were essentially 
the same (Tables S1 and S2). In addition, the results were substan-
tially the same when restricted to gestational age above 22 weeks 
(Table S3). Additionally, using an extended definition of CVD also 
yielded similar results (Table S4).
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ASCVD mortality compared to women with three singleton pregnan-
cies. Although twin pregnancies are more likely to have pregnancy 
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2.9 | Sensitivity analysis

To evaluate the robustness of our findings, we conducted multi-
ple sensitivity analyses. We assessed the risk of ASCVD mortality in 
women who had completed their reproduction (age 40). For this analy-
sis, women who were not 40 years of age by the end of follow-up or 
women who died before 40 years of age were excluded. We also re-
peated the main analysis after including women who conceived using 
ART. We additionally performed the main analysis (ASCVD mortality in 
the six exposure groups) restricted to gestational age above 22 weeks 
to evaluate selection bias due to incomplete recording of pregnancies 
ending before 22 weeks. Finally, we evaluated whether associations 
by reproductive history changed when the outcome variable was ex-
tended to include hypertensive heart disease and cardiomyopathy.

3 | RESULTS

Maternal and pregnancy characteristics of 974,892 women by plu-
rality of first pregnancy (singleton or twin) are shown in Table 1. In 
total 1.2% of first pregnancies were twins. Women with a first twin 
pregnancy were older, had higher frequency of university degrees, 
shorter gestations and more often delivered preterm (48% vs. 6%) 
compared to women with a first singleton pregnancy. Also, pre-
eclampsia (14% vs. 4%) and perinatal loss (6% vs. 1%) were more fre-
quent in women with a first twin pregnancy. In total 42,182 women 
died before the age of 70 years during 1967–2020, of which 5699 
(13.5%) died of cardiovascular causes. ASCVD deaths among women 
with twins in any pregnancy accounted for 2.8% of all ASCVD deaths.

Table 2 shows the distribution of deaths across the six catego-
ries of reproductive history for ASCVD using women with three 
singleton pregnancies as the referent group. Women with only one 
lifetime pregnancy had increased risk of ASCVD death, both if their 
only pregnancy was with twins (adjusted HR (aHR) 1.72, 95% CI 
1.21, 2.43) or a singleton (aHR 1.92, 95% CI 1.78, 2.07). The point 
estimate was slightly higher for women with one lifetime singleton 
pregnancy than women with one lifetime twin pregnancy. No in-
creased risk was found for women with a first twin pregnancy and 
continued reproduction (aHR 0.76, 95% CI 0.48, 1.19). Women with 
a first singleton pregnancy and twins in later reproduction, however, 
had an increased risk of ASCVD death (aHR: 1.49, 95% CI 1.22, 1.81). 
A small increase was also found for women with two singletons (aHR 
1.08, 95% CI 1.01, 1.15) compared to the referent.

Risk of long-term ASCVD mortality by one or more pregnancy 
complications (pre-eclampsia, preterm delivery, perinatal loss) is out-
lined in Table 3. Women with only one lifetime pregnancy had sub-
stantially increased risk of dying from ASCVD in the presence of one 
or more complications. This was true both for women with only one 
twin (aHR 2.36, 95% CI 1.49, 3.71) or women with only one singleton 
(aHR 3.56, 95% CI 3.12, 4.06). Women with one lifetime pregnancy 
without complications also had an elevated risk of ASCVD death if 
the pregnancy was a singleton (aHR 1.99, 95% CI 1.82, 2.17). The 
relative risk of dying from ASCVD for women with one lifetime twin 
pregnancy without complications was aHR 1.57 (95% CI 0.92, 2.66).

When restricting analyses to deaths between 40 and 69 years 
of age and when including women with IVF, results were essentially 
the same (Tables S1 and S2). In addition, the results were substan-
tially the same when restricted to gestational age above 22 weeks 
(Table S3). Additionally, using an extended definition of CVD also 
yielded similar results (Table S4).

4 | COMMENT

4.1 | Principal findings

Women with only one lifetime twin pregnancy and women with 
only one lifetime singleton pregnancy had similarly increased risk of 
ASCVD mortality compared to women with three singleton pregnan-
cies. Although twin pregnancies are more likely to have pregnancy 

TABLE 1 Maternal and pregnancy characteristics of 974,892 
women's first pregnancy registered in the Medical Birth Registry of 
Norway, 1967–2013

Women with first 
twin pregnancy

Women with first 
singleton pregnancy

N (%)N (%)

Total11,247963,645

Maternal age at first birth

≤19768 (6.8)108,321 (11.2)

20–243364 (29.9)359,731 (37.3)

25–294006 (35.6)320,707 (33.3)

30–342187 (19.5)133,135 (13.8)

35–39761 (6.8)35,725 (3.7)

40–44137 (1.2)5754 (0.6)

≥4524 (0.2)272 (0.03)

Maternal education

Primary school1899 (16.9)182,155 (18.9)

High school4107 (36.5)377,148 (39.2)

University5150 (45.8)395,289 (41.0)

Missing education91 (0.8)9053 (0.9)

Gestational age

<28578 (5.1)4877 (0.5)

28–31768 (6.8)6353 (0.6)

32–33987 (8.9)7458 (0.8)

34–363059 (27.2)38,017 (3.9)

37–383101 (27.6)119,224 (12.4)

39+ weeks2346 (20.8)747,552 (77.6)

Missing408 (3.6)40,164 (4.2)

Perinatal loss724 (6.4)9758 (1.0)

Pre-eclampsia1588 (14.1)41,725 (4.3)

Preterm delivery5392 (47.9)56,705 (5.9)

Chronic conditionsa340 (3.0)22,488 (2.3)

aIncludes chronic medical conditions (diabetes, hypertension, kidney 
disease and rheumatoid arthritis).
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2.9 | Sensitivity analysis

To evaluate the robustness of our findings, we conducted multi-
ple sensitivity analyses. We assessed the risk of ASCVD mortality in 
women who had completed their reproduction (age 40). For this analy-
sis, women who were not 40 years of age by the end of follow-up or 
women who died before 40 years of age were excluded. We also re-
peated the main analysis after including women who conceived using 
ART. We additionally performed the main analysis (ASCVD mortality in 
the six exposure groups) restricted to gestational age above 22 weeks 
to evaluate selection bias due to incomplete recording of pregnancies 
ending before 22 weeks. Finally, we evaluated whether associations 
by reproductive history changed when the outcome variable was ex-
tended to include hypertensive heart disease and cardiomyopathy.

3 | RESULTS

Maternal and pregnancy characteristics of 974,892 women by plu-
rality of first pregnancy (singleton or twin) are shown in Table 1. In 
total 1.2% of first pregnancies were twins. Women with a first twin 
pregnancy were older, had higher frequency of university degrees, 
shorter gestations and more often delivered preterm (48% vs. 6%) 
compared to women with a first singleton pregnancy. Also, pre-
eclampsia (14% vs. 4%) and perinatal loss (6% vs. 1%) were more fre-
quent in women with a first twin pregnancy. In total 42,182 women 
died before the age of 70 years during 1967–2020, of which 5699 
(13.5%) died of cardiovascular causes. ASCVD deaths among women 
with twins in any pregnancy accounted for 2.8% of all ASCVD deaths.

Table 2 shows the distribution of deaths across the six catego-
ries of reproductive history for ASCVD using women with three 
singleton pregnancies as the referent group. Women with only one 
lifetime pregnancy had increased risk of ASCVD death, both if their 
only pregnancy was with twins (adjusted HR (aHR) 1.72, 95% CI 
1.21, 2.43) or a singleton (aHR 1.92, 95% CI 1.78, 2.07). The point 
estimate was slightly higher for women with one lifetime singleton 
pregnancy than women with one lifetime twin pregnancy. No in-
creased risk was found for women with a first twin pregnancy and 
continued reproduction (aHR 0.76, 95% CI 0.48, 1.19). Women with 
a first singleton pregnancy and twins in later reproduction, however, 
had an increased risk of ASCVD death (aHR: 1.49, 95% CI 1.22, 1.81). 
A small increase was also found for women with two singletons (aHR 
1.08, 95% CI 1.01, 1.15) compared to the referent.

Risk of long-term ASCVD mortality by one or more pregnancy 
complications (pre-eclampsia, preterm delivery, perinatal loss) is out-
lined in Table 3. Women with only one lifetime pregnancy had sub-
stantially increased risk of dying from ASCVD in the presence of one 
or more complications. This was true both for women with only one 
twin (aHR 2.36, 95% CI 1.49, 3.71) or women with only one singleton 
(aHR 3.56, 95% CI 3.12, 4.06). Women with one lifetime pregnancy 
without complications also had an elevated risk of ASCVD death if 
the pregnancy was a singleton (aHR 1.99, 95% CI 1.82, 2.17). The 
relative risk of dying from ASCVD for women with one lifetime twin 
pregnancy without complications was aHR 1.57 (95% CI 0.92, 2.66).

When restricting analyses to deaths between 40 and 69 years 
of age and when including women with IVF, results were essentially 
the same (Tables S1 and S2). In addition, the results were substan-
tially the same when restricted to gestational age above 22 weeks 
(Table S3). Additionally, using an extended definition of CVD also 
yielded similar results (Table S4).
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40–44137 (1.2)5754 (0.6)

≥4524 (0.2)272 (0.03)

Maternal education

Primary school1899 (16.9)182,155 (18.9)

High school4107 (36.5)377,148 (39.2)

University5150 (45.8)395,289 (41.0)
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Gestational age
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aIncludes chronic medical conditions (diabetes, hypertension, kidney 
disease and rheumatoid arthritis).

   | 23 BASNET et al.

2.9 | Sensitivity analysis

To evaluate the robustness of our findings, we conducted multi-
ple sensitivity analyses. We assessed the risk of ASCVD mortality in 
women who had completed their reproduction (age 40). For this analy-
sis, women who were not 40 years of age by the end of follow-up or 
women who died before 40 years of age were excluded. We also re-
peated the main analysis after including women who conceived using 
ART. We additionally performed the main analysis (ASCVD mortality in 
the six exposure groups) restricted to gestational age above 22 weeks 
to evaluate selection bias due to incomplete recording of pregnancies 
ending before 22 weeks. Finally, we evaluated whether associations 
by reproductive history changed when the outcome variable was ex-
tended to include hypertensive heart disease and cardiomyopathy.

3 | RESULTS

Maternal and pregnancy characteristics of 974,892 women by plu-
rality of first pregnancy (singleton or twin) are shown in Table 1. In 
total 1.2% of first pregnancies were twins. Women with a first twin 
pregnancy were older, had higher frequency of university degrees, 
shorter gestations and more often delivered preterm (48% vs. 6%) 
compared to women with a first singleton pregnancy. Also, pre-
eclampsia (14% vs. 4%) and perinatal loss (6% vs. 1%) were more fre-
quent in women with a first twin pregnancy. In total 42,182 women 
died before the age of 70 years during 1967–2020, of which 5699 
(13.5%) died of cardiovascular causes. ASCVD deaths among women 
with twins in any pregnancy accounted for 2.8% of all ASCVD deaths.

Table 2 shows the distribution of deaths across the six catego-
ries of reproductive history for ASCVD using women with three 
singleton pregnancies as the referent group. Women with only one 
lifetime pregnancy had increased risk of ASCVD death, both if their 
only pregnancy was with twins (adjusted HR (aHR) 1.72, 95% CI 
1.21, 2.43) or a singleton (aHR 1.92, 95% CI 1.78, 2.07). The point 
estimate was slightly higher for women with one lifetime singleton 
pregnancy than women with one lifetime twin pregnancy. No in-
creased risk was found for women with a first twin pregnancy and 
continued reproduction (aHR 0.76, 95% CI 0.48, 1.19). Women with 
a first singleton pregnancy and twins in later reproduction, however, 
had an increased risk of ASCVD death (aHR: 1.49, 95% CI 1.22, 1.81). 
A small increase was also found for women with two singletons (aHR 
1.08, 95% CI 1.01, 1.15) compared to the referent.

Risk of long-term ASCVD mortality by one or more pregnancy 
complications (pre-eclampsia, preterm delivery, perinatal loss) is out-
lined in Table 3. Women with only one lifetime pregnancy had sub-
stantially increased risk of dying from ASCVD in the presence of one 
or more complications. This was true both for women with only one 
twin (aHR 2.36, 95% CI 1.49, 3.71) or women with only one singleton 
(aHR 3.56, 95% CI 3.12, 4.06). Women with one lifetime pregnancy 
without complications also had an elevated risk of ASCVD death if 
the pregnancy was a singleton (aHR 1.99, 95% CI 1.82, 2.17). The 
relative risk of dying from ASCVD for women with one lifetime twin 
pregnancy without complications was aHR 1.57 (95% CI 0.92, 2.66).

When restricting analyses to deaths between 40 and 69 years 
of age and when including women with IVF, results were essentially 
the same (Tables S1 and S2). In addition, the results were substan-
tially the same when restricted to gestational age above 22 weeks 
(Table S3). Additionally, using an extended definition of CVD also 
yielded similar results (Table S4).
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4.1 | Principal findings

Women with only one lifetime twin pregnancy and women with 
only one lifetime singleton pregnancy had similarly increased risk of 
ASCVD mortality compared to women with three singleton pregnan-
cies. Although twin pregnancies are more likely to have pregnancy 
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complications, these complications do not appear to further elevate 
the risk of ASCVD mortality once total parity is accounted for.

4.2  |  Strengths of the study

A major strength of this study was the large population-based lon-
gitudinal dataset comprising of successive pregnancies with long 
follow-up and linked data from the Cause of Death Registry. This 
rich data source provided unique opportunities to study twin and 
singleton pregnancies accounting for pregnancy complications and 
evaluate long-term maternal ASCVD mortality, using lifetime suc-
cessive pregnancies approach.

4.3  |  Limitations of the data

Limitations included lack of information on several potential con-
founders, such as smoking and body mass index (BMI), that were not 
registered in the MBRN for most of the study period.

4.4  |  Interpretation

Our findings are consistent with previous work in singletons show-
ing that women with one lifetime pregnancy have increased long-
term CVD mortality compared to women with more than one 
pregnancy1; however, the underlying mechanisms are uncertain. 
Several social and biological factors may contribute to the increased 

CVD mortality in women who stop their reproduction after one 
pregnancy. Previous research suggests that pregnancy influences 
endothelial function,22-25 which may support the hypothesis that 
repeated pregnancies reduce the risk of CVD mortality.26 On the 
other hand, women who stop reproducing may be a selected group 
of women with pre-existing medical conditions27 or who suffered 
severe complications in pregnancy1,20 or maybe due to changed re-
lationship status. The underlying mechanism may also be related to 
subfertility issues,28 which has been shown to be associated with 
later CVD mortality.20 We were able to account for some important 
chronic medical conditions available in the MBRN.

We also examined pregnancy complications in women; pre-
eclampsia, preterm delivery, perinatal loss, which are consis-
tently reported to be associated with increased long-term CVD in 
women.4–6,28–32 Most studies have focused on singletons and only 
analysed pregnancy complications in the first pregnancy without 
considering successive pregnancies and without specific evaluation 
of twin pregnancies. Twin pregnancies have an increased risk of pre-
eclampsia.33–35 In our study, we found that women with first twin 
pregnancies had more than three times higher risk of pre-eclampsia 
than women with singleton first pregnancies (14.1% vs. 4.3%). In our 
data, preterm delivery was also more common in first twin pregnan-
cies compared to singletons (47.9% vs. 5.9%), as was perinatal loss 
(6.4% vs. 1.0%).

Although we found that pregnancy complications were more 
frequent in twin pregnancies, the complications may develop 
for different reasons35 and may be viewed as less ‘pathological’. 
Among those with only one pregnancy with complications, the 
increased relative risk of ASCVD mortality was higher for the 

TA B L E  2  Hazard ratios (HRs) with 95% confidence intervals (CI) for atherosclerotic cardiovascular disease (ASCVD) mortality before 
70 years of age by various categories of reproductive history in 974,892 women, first pregnancy 1967–2013 and follow-up until 2020. 
Medical Birth Registry of Norway and Cause of Death Registry

Womens' reproductive 
history Total women

ASCVD mortality

No. of 
deaths Deaths per 1000 Person-years

Unadjusted HR 
(95% CI) aHRa (95% CI)

Only one twin pregnancy 5643 34 6.0 142,050 2.02 (1.44, 2.84) 1.72 (1.21, 2.43)

Only one singleton 
pregnancy

173,480 1611 9.3 4,841,214 2.38 (2.22, 2.57) 1.92 (1.78, 2.07)

Two singleton 
pregnancies

499,684 2607 5.2 12,792,455 1.16 (1.09, 1.24) 1.08 (1.01, 1.15)

First twin pregnancy 
and continued 
reproduction

5604 19 3.4 129,221 0.81 (0.51, 1.27) 0.76 (0.48, 1.19)

First singleton pregnancy 
and twins in laterb 
reproduction

16,712 109 6.5 389,105 1.52 (1.25, 1.85) 1.49 (1.22, 1.81)

Three singleton 
pregnancies

273,769 1319 4.8 6,371,233 1.00 (Reference) 1.00 (Reference)

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HR, hazard ratio.
aEstimates were obtained using Cox regression and adjusted for year of first birth, maternal age at first birth, maternal education and chronic medical 
conditions (diabetes, hypertension, kidney disease and rheumatoid arthritis).
bWomen with twins either in second, third or fourth pregnancy.
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complications, these complications do not appear to further elevate 
the risk of ASCVD mortality once total parity is accounted for.

4.2 | Strengths of the study

A major strength of this study was the large population-based lon-
gitudinal dataset comprising of successive pregnancies with long 
follow-up and linked data from the Cause of Death Registry. This 
rich data source provided unique opportunities to study twin and 
singleton pregnancies accounting for pregnancy complications and 
evaluate long-term maternal ASCVD mortality, using lifetime suc-
cessive pregnancies approach.

4.3 | Limitations of the data

Limitations included lack of information on several potential con-
founders, such as smoking and body mass index (BMI), that were not 
registered in the MBRN for most of the study period.

4.4 | Interpretation

Our findings are consistent with previous work in singletons show-
ing that women with one lifetime pregnancy have increased long-
term CVD mortality compared to women with more than one 
pregnancy1; however, the underlying mechanisms are uncertain. 
Several social and biological factors may contribute to the increased 

CVD mortality in women who stop their reproduction after one 
pregnancy. Previous research suggests that pregnancy influences 
endothelial function,22-25 which may support the hypothesis that 
repeated pregnancies reduce the risk of CVD mortality.26 On the 
other hand, women who stop reproducing may be a selected group 
of women with pre-existing medical conditions27 or who suffered 
severe complications in pregnancy1,20 or maybe due to changed re-
lationship status. The underlying mechanism may also be related to 
subfertility issues,28 which has been shown to be associated with 
later CVD mortality.20 We were able to account for some important 
chronic medical conditions available in the MBRN.

We also examined pregnancy complications in women; pre-
eclampsia, preterm delivery, perinatal loss, which are consis-
tently reported to be associated with increased long-term CVD in 
women.4–6,28–32 Most studies have focused on singletons and only 
analysed pregnancy complications in the first pregnancy without 
considering successive pregnancies and without specific evaluation 
of twin pregnancies. Twin pregnancies have an increased risk of pre-
eclampsia.33–35 In our study, we found that women with first twin 
pregnancies had more than three times higher risk of pre-eclampsia 
than women with singleton first pregnancies (14.1% vs. 4.3%). In our 
data, preterm delivery was also more common in first twin pregnan-
cies compared to singletons (47.9% vs. 5.9%), as was perinatal loss 
(6.4% vs. 1.0%).

Although we found that pregnancy complications were more 
frequent in twin pregnancies, the complications may develop 
for different reasons35 and may be viewed as less ‘pathological’. 
Among those with only one pregnancy with complications, the 
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rich data source provided unique opportunities to study twin and 
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complications, these complications do not appear to further elevate 
the risk of ASCVD mortality once total parity is accounted for.

4.2  |  Strengths of the study

A major strength of this study was the large population-based lon-
gitudinal dataset comprising of successive pregnancies with long 
follow-up and linked data from the Cause of Death Registry. This 
rich data source provided unique opportunities to study twin and 
singleton pregnancies accounting for pregnancy complications and 
evaluate long-term maternal ASCVD mortality, using lifetime suc-
cessive pregnancies approach.

4.3  |  Limitations of the data

Limitations included lack of information on several potential con-
founders, such as smoking and body mass index (BMI), that were not 
registered in the MBRN for most of the study period.

4.4  |  Interpretation

Our findings are consistent with previous work in singletons show-
ing that women with one lifetime pregnancy have increased long-
term CVD mortality compared to women with more than one 
pregnancy1; however, the underlying mechanisms are uncertain. 
Several social and biological factors may contribute to the increased 

CVD mortality in women who stop their reproduction after one 
pregnancy. Previous research suggests that pregnancy influences 
endothelial function,22-25 which may support the hypothesis that 
repeated pregnancies reduce the risk of CVD mortality.26 On the 
other hand, women who stop reproducing may be a selected group 
of women with pre-existing medical conditions27 or who suffered 
severe complications in pregnancy1,20 or maybe due to changed re-
lationship status. The underlying mechanism may also be related to 
subfertility issues,28 which has been shown to be associated with 
later CVD mortality.20 We were able to account for some important 
chronic medical conditions available in the MBRN.

We also examined pregnancy complications in women; pre-
eclampsia, preterm delivery, perinatal loss, which are consis-
tently reported to be associated with increased long-term CVD in 
women.4–6,28–32 Most studies have focused on singletons and only 
analysed pregnancy complications in the first pregnancy without 
considering successive pregnancies and without specific evaluation 
of twin pregnancies. Twin pregnancies have an increased risk of pre-
eclampsia.33–35 In our study, we found that women with first twin 
pregnancies had more than three times higher risk of pre-eclampsia 
than women with singleton first pregnancies (14.1% vs. 4.3%). In our 
data, preterm delivery was also more common in first twin pregnan-
cies compared to singletons (47.9% vs. 5.9%), as was perinatal loss 
(6.4% vs. 1.0%).

Although we found that pregnancy complications were more 
frequent in twin pregnancies, the complications may develop 
for different reasons35 and may be viewed as less ‘pathological’. 
Among those with only one pregnancy with complications, the 
increased relative risk of ASCVD mortality was higher for the 

TA B L E  2  Hazard ratios (HRs) with 95% confidence intervals (CI) for atherosclerotic cardiovascular disease (ASCVD) mortality before 
70 years of age by various categories of reproductive history in 974,892 women, first pregnancy 1967–2013 and follow-up until 2020. 
Medical Birth Registry of Norway and Cause of Death Registry
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and continued 
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First singleton pregnancy 
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conditions (diabetes, hypertension, kidney disease and rheumatoid arthritis).
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women with a singleton aHR 3.56 (95% CI 3.12, 4.06) rather than 
a twin pregnancy aHR 2.36 (95% CI 1.49, 3.71) compared to the 
referent of three singletons with complications. This may support 
the hypothesis that pregnancy complications in twin pregnancies 
have important differences. Our finding is similar to an Israelian 
study that showed that even though women with twin pregnancy 
had more complications, twin pregnancy was not associated with 
increased risk of CVD hospitalisation.34 Consistent to our finding, 
another recent study reported increased risk of CVD mortality 
among twin pregnancies complicated by hypertensive disorder 
compared to uncomplicated twin pregnancies.36 However, a study 
from Sweden showed that women who had a multi-foetal preg-
nancy did not have increased CVD risk even if pre-eclampsia oc-
curred, compared to women without pre-eclampsia in singleton 
pregnancy.37 The Swedish study analysed women's first preg-
nancy only, and in contrast, our study incorporated both preg-
nancy complications and the number of pregnancies. We could, 
therefore, separate those with only one lifetime pregnancy, which 
was important for maternal long-term mortality.

While underlying CVD risk factors might predispose to both pre-
eclampsia and later maternal CVD in singleton pregnancies, causes 
of pre-eclampsia in twin pregnancies may be less linked to long-term 
CVD.37 A previous study that examined the association between 
complications in twin pregnancy and later life CVD, suggested 
different pathophysiological processes in twin and singleton preg-
nancies.34 Likewise, studies have highlighted that there are differ-
ences in maternal adaptation during singleton and twin pregnancies; 
however, they have not found differences in indicators of maternal 
cardiovascular functions, such as blood pressure in later life.38 We 
could not find any studies investigating long-term CVD mortality in 
mothers with twins who experienced preterm delivery or perinatal 
loss. As with pre-eclampsia, preterm delivery and perinatal loss, may 
have different association with maternal mortality in twin and sin-
gleton pregnancies.

The higher ASCVD mortality in women with one lifetime preg-
nancy could have more than one explanation. For women who start 
with one singleton, stopping reproduction may be due to underly-
ing health concerns, severe pregnancy complications or subfertility, 

TA B L E  3  Hazard ratios (HRs) with 95% confidence intervals (CI) for atherosclerotic cardiovascular disease (ASCVD) mortality before 
70 years of age by various categories of reproductive history with and without pregnancy complications (pre-eclampsia, preterm delivery, 
perinatal loss) at least once in 974,892 women, first pregnancy 1967–2013 and follow-up until 2020. Medical Birth Registry of Norway and 
Cause of Death Registry

Womens' reproductive history Total women

ASCVD mortality

No. of 
deaths

Deaths per 
1000

Unadjusted HR 
(95% CI) aHRa (95% CI)

Only one twin pregnancy with one or more 
complications

3116 19 6.1 2.73 (1.74, 4.31) 2.36 (1.49, 3.71)

Only one twin pregnancy without complication 2527 15 5.9 1.92 (1.15, 3.20) 1.57 (0.92, 2.66)

Only one singleton pregnancy with one or more 
complications

19,941 320 16.1 5.05 (4.44, 5.74) 3.56 (3.12, 4.06)

Only one singleton pregnancy without 
complication

153,539 1291 8.4 2.45 (2.25, 2.66) 1.99 (1.82, 2.17)

Two singleton pregnancies with one or more 
complications

66,143 523 7.9 2.13 (1.92, 2.38) 1.85 (1.66, 2.06)

Two singleton pregnancies without complication 433,541 2084 4.8 1.21 (1.12, 1.30) 1.12 (1.03, 1.21)

First twin pregnancy and continued 
reproduction with one or more 
complications

3503 13 3.7 1.04 (0.60, 1.80) 0.95 (0.55, 1.64)

First twin pregnancy and continued 
reproduction without complication

2101 6 2.9 0.74 (0.33, 1.65) 0.70 (0.31, 1.56)

First singleton pregnancy and twins laterb with 
one or more complications

7969 52 6.5 1.87 (1.42, 2.48) 1.78 (1.35, 2.35)

First singleton pregnancy and twins laterb 
without complication

8743 57 6.5 1.62 (1.24, 2.12) 1.58 (1.21, 2.07)

Three singleton pregnancies with one or more 
complications

51,350 384 7.5 1.73 (1.54, 1.95) 1.60 (1.42, 1.80)

Three singleton pregnancies without 
complication

222,419 935 4.2 1.00 (Reference) 1.00 (Reference)

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HR, hazard ratio.
aEstimates were obtained using Cox regression and adjusted for year of first birth, maternal age at first birth, maternal education and chronic medical 
conditions (diabetes, hypertension, kidney disease and rheumatoid arthritis).
bWomen with twins either in second, third or fourth pregnancy.
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women with a singleton aHR 3.56 (95% CI 3.12, 4.06) rather than 
a twin pregnancy aHR 2.36 (95% CI 1.49, 3.71) compared to the 
referent of three singletons with complications. This may support 
the hypothesis that pregnancy complications in twin pregnancies 
have important differences. Our finding is similar to an Israelian 
study that showed that even though women with twin pregnancy 
had more complications, twin pregnancy was not associated with 
increased risk of CVD hospitalisation.34 Consistent to our finding, 
another recent study reported increased risk of CVD mortality 
among twin pregnancies complicated by hypertensive disorder 
compared to uncomplicated twin pregnancies.36 However, a study 
from Sweden showed that women who had a multi-foetal preg-
nancy did not have increased CVD risk even if pre-eclampsia oc-
curred, compared to women without pre-eclampsia in singleton 
pregnancy.37 The Swedish study analysed women's first preg-
nancy only, and in contrast, our study incorporated both preg-
nancy complications and the number of pregnancies. We could, 
therefore, separate those with only one lifetime pregnancy, which 
was important for maternal long-term mortality.

While underlying CVD risk factors might predispose to both pre-
eclampsia and later maternal CVD in singleton pregnancies, causes 
of pre-eclampsia in twin pregnancies may be less linked to long-term 
CVD.37 A previous study that examined the association between 
complications in twin pregnancy and later life CVD, suggested 
different pathophysiological processes in twin and singleton preg-
nancies.34 Likewise, studies have highlighted that there are differ-
ences in maternal adaptation during singleton and twin pregnancies; 
however, they have not found differences in indicators of maternal 
cardiovascular functions, such as blood pressure in later life.38 We 
could not find any studies investigating long-term CVD mortality in 
mothers with twins who experienced preterm delivery or perinatal 
loss. As with pre-eclampsia, preterm delivery and perinatal loss, may 
have different association with maternal mortality in twin and sin-
gleton pregnancies.

The higher ASCVD mortality in women with one lifetime preg-
nancy could have more than one explanation. For women who start 
with one singleton, stopping reproduction may be due to underly-
ing health concerns, severe pregnancy complications or subfertility, 

TABLE 3 Hazard ratios (HRs) with 95% confidence intervals (CI) for atherosclerotic cardiovascular disease (ASCVD) mortality before 
70 years of age by various categories of reproductive history with and without pregnancy complications (pre-eclampsia, preterm delivery, 
perinatal loss) at least once in 974,892 women, first pregnancy 1967–2013 and follow-up until 2020. Medical Birth Registry of Norway and 
Cause of Death Registry

Womens' reproductive historyTotal women

ASCVD mortality

No. of 
deaths

Deaths per 
1000

Unadjusted HR 
(95% CI)aHRa (95% CI)

Only one twin pregnancy with one or more 
complications

3116196.12.73 (1.74, 4.31)2.36 (1.49, 3.71)

Only one twin pregnancy without complication2527155.91.92 (1.15, 3.20)1.57 (0.92, 2.66)

Only one singleton pregnancy with one or more 
complications

19,94132016.15.05 (4.44, 5.74)3.56 (3.12, 4.06)

Only one singleton pregnancy without 
complication

153,53912918.42.45 (2.25, 2.66)1.99 (1.82, 2.17)

Two singleton pregnancies with one or more 
complications

66,1435237.92.13 (1.92, 2.38)1.85 (1.66, 2.06)

Two singleton pregnancies without complication433,54120844.81.21 (1.12, 1.30)1.12 (1.03, 1.21)

First twin pregnancy and continued 
reproduction with one or more 
complications

3503133.71.04 (0.60, 1.80)0.95 (0.55, 1.64)

First twin pregnancy and continued 
reproduction without complication

210162.90.74 (0.33, 1.65)0.70 (0.31, 1.56)

First singleton pregnancy and twins laterb with 
one or more complications

7969526.51.87 (1.42, 2.48)1.78 (1.35, 2.35)

First singleton pregnancy and twins laterb 
without complication

8743576.51.62 (1.24, 2.12)1.58 (1.21, 2.07)

Three singleton pregnancies with one or more 
complications

51,3503847.51.73 (1.54, 1.95)1.60 (1.42, 1.80)

Three singleton pregnancies without 
complication

222,4199354.21.00 (Reference)1.00 (Reference)

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HR, hazard ratio.
aEstimates were obtained using Cox regression and adjusted for year of first birth, maternal age at first birth, maternal education and chronic medical 
conditions (diabetes, hypertension, kidney disease and rheumatoid arthritis).
bWomen with twins either in second, third or fourth pregnancy.
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women with a singleton aHR 3.56 (95% CI 3.12, 4.06) rather than 
a twin pregnancy aHR 2.36 (95% CI 1.49, 3.71) compared to the 
referent of three singletons with complications. This may support 
the hypothesis that pregnancy complications in twin pregnancies 
have important differences. Our finding is similar to an Israelian 
study that showed that even though women with twin pregnancy 
had more complications, twin pregnancy was not associated with 
increased risk of CVD hospitalisation.34 Consistent to our finding, 
another recent study reported increased risk of CVD mortality 
among twin pregnancies complicated by hypertensive disorder 
compared to uncomplicated twin pregnancies.36 However, a study 
from Sweden showed that women who had a multi-foetal preg-
nancy did not have increased CVD risk even if pre-eclampsia oc-
curred, compared to women without pre-eclampsia in singleton 
pregnancy.37 The Swedish study analysed women's first preg-
nancy only, and in contrast, our study incorporated both preg-
nancy complications and the number of pregnancies. We could, 
therefore, separate those with only one lifetime pregnancy, which 
was important for maternal long-term mortality.

While underlying CVD risk factors might predispose to both pre-
eclampsia and later maternal CVD in singleton pregnancies, causes 
of pre-eclampsia in twin pregnancies may be less linked to long-term 
CVD.37 A previous study that examined the association between 
complications in twin pregnancy and later life CVD, suggested 
different pathophysiological processes in twin and singleton preg-
nancies.34 Likewise, studies have highlighted that there are differ-
ences in maternal adaptation during singleton and twin pregnancies; 
however, they have not found differences in indicators of maternal 
cardiovascular functions, such as blood pressure in later life.38 We 
could not find any studies investigating long-term CVD mortality in 
mothers with twins who experienced preterm delivery or perinatal 
loss. As with pre-eclampsia, preterm delivery and perinatal loss, may 
have different association with maternal mortality in twin and sin-
gleton pregnancies.

The higher ASCVD mortality in women with one lifetime preg-
nancy could have more than one explanation. For women who start 
with one singleton, stopping reproduction may be due to underly-
ing health concerns, severe pregnancy complications or subfertility, 
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1000

Unadjusted HR 
(95% CI)aHRa (95% CI)

Only one twin pregnancy with one or more 
complications

3116196.12.73 (1.74, 4.31)2.36 (1.49, 3.71)

Only one twin pregnancy without complication2527155.91.92 (1.15, 3.20)1.57 (0.92, 2.66)

Only one singleton pregnancy with one or more 
complications

19,94132016.15.05 (4.44, 5.74)3.56 (3.12, 4.06)

Only one singleton pregnancy without 
complication

153,53912918.42.45 (2.25, 2.66)1.99 (1.82, 2.17)

Two singleton pregnancies with one or more 
complications

66,1435237.92.13 (1.92, 2.38)1.85 (1.66, 2.06)

Two singleton pregnancies without complication433,54120844.81.21 (1.12, 1.30)1.12 (1.03, 1.21)

First twin pregnancy and continued 
reproduction with one or more 
complications

3503133.71.04 (0.60, 1.80)0.95 (0.55, 1.64)

First twin pregnancy and continued 
reproduction without complication

210162.90.74 (0.33, 1.65)0.70 (0.31, 1.56)

First singleton pregnancy and twins laterb with 
one or more complications

7969526.51.87 (1.42, 2.48)1.78 (1.35, 2.35)

First singleton pregnancy and twins laterb 
without complication

8743576.51.62 (1.24, 2.12)1.58 (1.21, 2.07)

Three singleton pregnancies with one or more 
complications

51,3503847.51.73 (1.54, 1.95)1.60 (1.42, 1.80)

Three singleton pregnancies without 
complication

222,4199354.21.00 (Reference)1.00 (Reference)

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HR, hazard ratio.
aEstimates were obtained using Cox regression and adjusted for year of first birth, maternal age at first birth, maternal education and chronic medical 
conditions (diabetes, hypertension, kidney disease and rheumatoid arthritis).
bWomen with twins either in second, third or fourth pregnancy.
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women with a singleton aHR 3.56 (95% CI 3.12, 4.06) rather than 
a twin pregnancy aHR 2.36 (95% CI 1.49, 3.71) compared to the 
referent of three singletons with complications. This may support 
the hypothesis that pregnancy complications in twin pregnancies 
have important differences. Our finding is similar to an Israelian 
study that showed that even though women with twin pregnancy 
had more complications, twin pregnancy was not associated with 
increased risk of CVD hospitalisation.34 Consistent to our finding, 
another recent study reported increased risk of CVD mortality 
among twin pregnancies complicated by hypertensive disorder 
compared to uncomplicated twin pregnancies.36 However, a study 
from Sweden showed that women who had a multi-foetal preg-
nancy did not have increased CVD risk even if pre-eclampsia oc-
curred, compared to women without pre-eclampsia in singleton 
pregnancy.37 The Swedish study analysed women's first preg-
nancy only, and in contrast, our study incorporated both preg-
nancy complications and the number of pregnancies. We could, 
therefore, separate those with only one lifetime pregnancy, which 
was important for maternal long-term mortality.

While underlying CVD risk factors might predispose to both pre-
eclampsia and later maternal CVD in singleton pregnancies, causes 
of pre-eclampsia in twin pregnancies may be less linked to long-term 
CVD.37 A previous study that examined the association between 
complications in twin pregnancy and later life CVD, suggested 
different pathophysiological processes in twin and singleton preg-
nancies.34 Likewise, studies have highlighted that there are differ-
ences in maternal adaptation during singleton and twin pregnancies; 
however, they have not found differences in indicators of maternal 
cardiovascular functions, such as blood pressure in later life.38 We 
could not find any studies investigating long-term CVD mortality in 
mothers with twins who experienced preterm delivery or perinatal 
loss. As with pre-eclampsia, preterm delivery and perinatal loss, may 
have different association with maternal mortality in twin and sin-
gleton pregnancies.

The higher ASCVD mortality in women with one lifetime preg-
nancy could have more than one explanation. For women who start 
with one singleton, stopping reproduction may be due to underly-
ing health concerns, severe pregnancy complications or subfertility, 

TA B L E  3  Hazard ratios (HRs) with 95% confidence intervals (CI) for atherosclerotic cardiovascular disease (ASCVD) mortality before 
70 years of age by various categories of reproductive history with and without pregnancy complications (pre-eclampsia, preterm delivery, 
perinatal loss) at least once in 974,892 women, first pregnancy 1967–2013 and follow-up until 2020. Medical Birth Registry of Norway and 
Cause of Death Registry

Womens' reproductive history Total women

ASCVD mortality

No. of 
deaths

Deaths per 
1000

Unadjusted HR 
(95% CI) aHRa (95% CI)

Only one twin pregnancy with one or more 
complications

3116 19 6.1 2.73 (1.74, 4.31) 2.36 (1.49, 3.71)

Only one twin pregnancy without complication 2527 15 5.9 1.92 (1.15, 3.20) 1.57 (0.92, 2.66)

Only one singleton pregnancy with one or more 
complications

19,941 320 16.1 5.05 (4.44, 5.74) 3.56 (3.12, 4.06)

Only one singleton pregnancy without 
complication

153,539 1291 8.4 2.45 (2.25, 2.66) 1.99 (1.82, 2.17)

Two singleton pregnancies with one or more 
complications

66,143 523 7.9 2.13 (1.92, 2.38) 1.85 (1.66, 2.06)

Two singleton pregnancies without complication 433,541 2084 4.8 1.21 (1.12, 1.30) 1.12 (1.03, 1.21)

First twin pregnancy and continued 
reproduction with one or more 
complications

3503 13 3.7 1.04 (0.60, 1.80) 0.95 (0.55, 1.64)

First twin pregnancy and continued 
reproduction without complication

2101 6 2.9 0.74 (0.33, 1.65) 0.70 (0.31, 1.56)

First singleton pregnancy and twins laterb with 
one or more complications

7969 52 6.5 1.87 (1.42, 2.48) 1.78 (1.35, 2.35)

First singleton pregnancy and twins laterb 
without complication

8743 57 6.5 1.62 (1.24, 2.12) 1.58 (1.21, 2.07)

Three singleton pregnancies with one or more 
complications

51,350 384 7.5 1.73 (1.54, 1.95) 1.60 (1.42, 1.80)

Three singleton pregnancies without 
complication

222,419 935 4.2 1.00 (Reference) 1.00 (Reference)

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HR, hazard ratio.
aEstimates were obtained using Cox regression and adjusted for year of first birth, maternal age at first birth, maternal education and chronic medical 
conditions (diabetes, hypertension, kidney disease and rheumatoid arthritis).
bWomen with twins either in second, third or fourth pregnancy.
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women with a singleton aHR 3.56 (95% CI 3.12, 4.06) rather than 
a twin pregnancy aHR 2.36 (95% CI 1.49, 3.71) compared to the 
referent of three singletons with complications. This may support 
the hypothesis that pregnancy complications in twin pregnancies 
have important differences. Our finding is similar to an Israelian 
study that showed that even though women with twin pregnancy 
had more complications, twin pregnancy was not associated with 
increased risk of CVD hospitalisation.34 Consistent to our finding, 
another recent study reported increased risk of CVD mortality 
among twin pregnancies complicated by hypertensive disorder 
compared to uncomplicated twin pregnancies.36 However, a study 
from Sweden showed that women who had a multi-foetal preg-
nancy did not have increased CVD risk even if pre-eclampsia oc-
curred, compared to women without pre-eclampsia in singleton 
pregnancy.37 The Swedish study analysed women's first preg-
nancy only, and in contrast, our study incorporated both preg-
nancy complications and the number of pregnancies. We could, 
therefore, separate those with only one lifetime pregnancy, which 
was important for maternal long-term mortality.

While underlying CVD risk factors might predispose to both pre-
eclampsia and later maternal CVD in singleton pregnancies, causes 
of pre-eclampsia in twin pregnancies may be less linked to long-term 
CVD.37 A previous study that examined the association between 
complications in twin pregnancy and later life CVD, suggested 
different pathophysiological processes in twin and singleton preg-
nancies.34 Likewise, studies have highlighted that there are differ-
ences in maternal adaptation during singleton and twin pregnancies; 
however, they have not found differences in indicators of maternal 
cardiovascular functions, such as blood pressure in later life.38 We 
could not find any studies investigating long-term CVD mortality in 
mothers with twins who experienced preterm delivery or perinatal 
loss. As with pre-eclampsia, preterm delivery and perinatal loss, may 
have different association with maternal mortality in twin and sin-
gleton pregnancies.

The higher ASCVD mortality in women with one lifetime preg-
nancy could have more than one explanation. For women who start 
with one singleton, stopping reproduction may be due to underly-
ing health concerns, severe pregnancy complications or subfertility, 

TA B L E  3  Hazard ratios (HRs) with 95% confidence intervals (CI) for atherosclerotic cardiovascular disease (ASCVD) mortality before 
70 years of age by various categories of reproductive history with and without pregnancy complications (pre-eclampsia, preterm delivery, 
perinatal loss) at least once in 974,892 women, first pregnancy 1967–2013 and follow-up until 2020. Medical Birth Registry of Norway and 
Cause of Death Registry

Womens' reproductive history Total women

ASCVD mortality

No. of 
deaths

Deaths per 
1000

Unadjusted HR 
(95% CI) aHRa (95% CI)

Only one twin pregnancy with one or more 
complications

3116 19 6.1 2.73 (1.74, 4.31) 2.36 (1.49, 3.71)

Only one twin pregnancy without complication 2527 15 5.9 1.92 (1.15, 3.20) 1.57 (0.92, 2.66)

Only one singleton pregnancy with one or more 
complications

19,941 320 16.1 5.05 (4.44, 5.74) 3.56 (3.12, 4.06)

Only one singleton pregnancy without 
complication

153,539 1291 8.4 2.45 (2.25, 2.66) 1.99 (1.82, 2.17)

Two singleton pregnancies with one or more 
complications

66,143 523 7.9 2.13 (1.92, 2.38) 1.85 (1.66, 2.06)

Two singleton pregnancies without complication 433,541 2084 4.8 1.21 (1.12, 1.30) 1.12 (1.03, 1.21)

First twin pregnancy and continued 
reproduction with one or more 
complications

3503 13 3.7 1.04 (0.60, 1.80) 0.95 (0.55, 1.64)

First twin pregnancy and continued 
reproduction without complication

2101 6 2.9 0.74 (0.33, 1.65) 0.70 (0.31, 1.56)

First singleton pregnancy and twins laterb with 
one or more complications

7969 52 6.5 1.87 (1.42, 2.48) 1.78 (1.35, 2.35)

First singleton pregnancy and twins laterb 
without complication

8743 57 6.5 1.62 (1.24, 2.12) 1.58 (1.21, 2.07)

Three singleton pregnancies with one or more 
complications

51,350 384 7.5 1.73 (1.54, 1.95) 1.60 (1.42, 1.80)

Three singleton pregnancies without 
complication

222,419 935 4.2 1.00 (Reference) 1.00 (Reference)

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HR, hazard ratio.
aEstimates were obtained using Cox regression and adjusted for year of first birth, maternal age at first birth, maternal education and chronic medical 
conditions (diabetes, hypertension, kidney disease and rheumatoid arthritis).
bWomen with twins either in second, third or fourth pregnancy.
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women with a singleton aHR 3.56 (95% CI 3.12, 4.06) rather than 
a twin pregnancy aHR 2.36 (95% CI 1.49, 3.71) compared to the 
referent of three singletons with complications. This may support 
the hypothesis that pregnancy complications in twin pregnancies 
have important differences. Our finding is similar to an Israelian 
study that showed that even though women with twin pregnancy 
had more complications, twin pregnancy was not associated with 
increased risk of CVD hospitalisation.34 Consistent to our finding, 
another recent study reported increased risk of CVD mortality 
among twin pregnancies complicated by hypertensive disorder 
compared to uncomplicated twin pregnancies.36 However, a study 
from Sweden showed that women who had a multi-foetal preg-
nancy did not have increased CVD risk even if pre-eclampsia oc-
curred, compared to women without pre-eclampsia in singleton 
pregnancy.37 The Swedish study analysed women's first preg-
nancy only, and in contrast, our study incorporated both preg-
nancy complications and the number of pregnancies. We could, 
therefore, separate those with only one lifetime pregnancy, which 
was important for maternal long-term mortality.

While underlying CVD risk factors might predispose to both pre-
eclampsia and later maternal CVD in singleton pregnancies, causes 
of pre-eclampsia in twin pregnancies may be less linked to long-term 
CVD.37 A previous study that examined the association between 
complications in twin pregnancy and later life CVD, suggested 
different pathophysiological processes in twin and singleton preg-
nancies.34 Likewise, studies have highlighted that there are differ-
ences in maternal adaptation during singleton and twin pregnancies; 
however, they have not found differences in indicators of maternal 
cardiovascular functions, such as blood pressure in later life.38 We 
could not find any studies investigating long-term CVD mortality in 
mothers with twins who experienced preterm delivery or perinatal 
loss. As with pre-eclampsia, preterm delivery and perinatal loss, may 
have different association with maternal mortality in twin and sin-
gleton pregnancies.

The higher ASCVD mortality in women with one lifetime preg-
nancy could have more than one explanation. For women who start 
with one singleton, stopping reproduction may be due to underly-
ing health concerns, severe pregnancy complications or subfertility, 

TABLE 3 Hazard ratios (HRs) with 95% confidence intervals (CI) for atherosclerotic cardiovascular disease (ASCVD) mortality before 
70 years of age by various categories of reproductive history with and without pregnancy complications (pre-eclampsia, preterm delivery, 
perinatal loss) at least once in 974,892 women, first pregnancy 1967–2013 and follow-up until 2020. Medical Birth Registry of Norway and 
Cause of Death Registry

Womens' reproductive historyTotal women

ASCVD mortality

No. of 
deaths

Deaths per 
1000

Unadjusted HR 
(95% CI)aHRa (95% CI)

Only one twin pregnancy with one or more 
complications

3116196.12.73 (1.74, 4.31)2.36 (1.49, 3.71)

Only one twin pregnancy without complication2527155.91.92 (1.15, 3.20)1.57 (0.92, 2.66)

Only one singleton pregnancy with one or more 
complications

19,94132016.15.05 (4.44, 5.74)3.56 (3.12, 4.06)

Only one singleton pregnancy without 
complication

153,53912918.42.45 (2.25, 2.66)1.99 (1.82, 2.17)

Two singleton pregnancies with one or more 
complications

66,1435237.92.13 (1.92, 2.38)1.85 (1.66, 2.06)

Two singleton pregnancies without complication433,54120844.81.21 (1.12, 1.30)1.12 (1.03, 1.21)

First twin pregnancy and continued 
reproduction with one or more 
complications

3503133.71.04 (0.60, 1.80)0.95 (0.55, 1.64)

First twin pregnancy and continued 
reproduction without complication

210162.90.74 (0.33, 1.65)0.70 (0.31, 1.56)

First singleton pregnancy and twins laterb with 
one or more complications

7969526.51.87 (1.42, 2.48)1.78 (1.35, 2.35)

First singleton pregnancy and twins laterb 
without complication

8743576.51.62 (1.24, 2.12)1.58 (1.21, 2.07)

Three singleton pregnancies with one or more 
complications

51,3503847.51.73 (1.54, 1.95)1.60 (1.42, 1.80)

Three singleton pregnancies without 
complication

222,4199354.21.00 (Reference)1.00 (Reference)

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HR, hazard ratio.
aEstimates were obtained using Cox regression and adjusted for year of first birth, maternal age at first birth, maternal education and chronic medical 
conditions (diabetes, hypertension, kidney disease and rheumatoid arthritis).
bWomen with twins either in second, third or fourth pregnancy.
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women with a singleton aHR 3.56 (95% CI 3.12, 4.06) rather than 
a twin pregnancy aHR 2.36 (95% CI 1.49, 3.71) compared to the 
referent of three singletons with complications. This may support 
the hypothesis that pregnancy complications in twin pregnancies 
have important differences. Our finding is similar to an Israelian 
study that showed that even though women with twin pregnancy 
had more complications, twin pregnancy was not associated with 
increased risk of CVD hospitalisation.34 Consistent to our finding, 
another recent study reported increased risk of CVD mortality 
among twin pregnancies complicated by hypertensive disorder 
compared to uncomplicated twin pregnancies.36 However, a study 
from Sweden showed that women who had a multi-foetal preg-
nancy did not have increased CVD risk even if pre-eclampsia oc-
curred, compared to women without pre-eclampsia in singleton 
pregnancy.37 The Swedish study analysed women's first preg-
nancy only, and in contrast, our study incorporated both preg-
nancy complications and the number of pregnancies. We could, 
therefore, separate those with only one lifetime pregnancy, which 
was important for maternal long-term mortality.

While underlying CVD risk factors might predispose to both pre-
eclampsia and later maternal CVD in singleton pregnancies, causes 
of pre-eclampsia in twin pregnancies may be less linked to long-term 
CVD.37 A previous study that examined the association between 
complications in twin pregnancy and later life CVD, suggested 
different pathophysiological processes in twin and singleton preg-
nancies.34 Likewise, studies have highlighted that there are differ-
ences in maternal adaptation during singleton and twin pregnancies; 
however, they have not found differences in indicators of maternal 
cardiovascular functions, such as blood pressure in later life.38 We 
could not find any studies investigating long-term CVD mortality in 
mothers with twins who experienced preterm delivery or perinatal 
loss. As with pre-eclampsia, preterm delivery and perinatal loss, may 
have different association with maternal mortality in twin and sin-
gleton pregnancies.

The higher ASCVD mortality in women with one lifetime preg-
nancy could have more than one explanation. For women who start 
with one singleton, stopping reproduction may be due to underly-
ing health concerns, severe pregnancy complications or subfertility, 
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Womens' reproductive historyTotal women

ASCVD mortality

No. of 
deaths

Deaths per 
1000

Unadjusted HR 
(95% CI)aHRa (95% CI)

Only one twin pregnancy with one or more 
complications

3116196.12.73 (1.74, 4.31)2.36 (1.49, 3.71)

Only one twin pregnancy without complication2527155.91.92 (1.15, 3.20)1.57 (0.92, 2.66)

Only one singleton pregnancy with one or more 
complications

19,94132016.15.05 (4.44, 5.74)3.56 (3.12, 4.06)

Only one singleton pregnancy without 
complication

153,53912918.42.45 (2.25, 2.66)1.99 (1.82, 2.17)

Two singleton pregnancies with one or more 
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First twin pregnancy and continued 
reproduction with one or more 
complications

3503133.71.04 (0.60, 1.80)0.95 (0.55, 1.64)

First twin pregnancy and continued 
reproduction without complication

210162.90.74 (0.33, 1.65)0.70 (0.31, 1.56)
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women with a singleton aHR 3.56 (95% CI 3.12, 4.06) rather than 
a twin pregnancy aHR 2.36 (95% CI 1.49, 3.71) compared to the 
referent of three singletons with complications. This may support 
the hypothesis that pregnancy complications in twin pregnancies 
have important differences. Our finding is similar to an Israelian 
study that showed that even though women with twin pregnancy 
had more complications, twin pregnancy was not associated with 
increased risk of CVD hospitalisation.34 Consistent to our finding, 
another recent study reported increased risk of CVD mortality 
among twin pregnancies complicated by hypertensive disorder 
compared to uncomplicated twin pregnancies.36 However, a study 
from Sweden showed that women who had a multi-foetal preg-
nancy did not have increased CVD risk even if pre-eclampsia oc-
curred, compared to women without pre-eclampsia in singleton 
pregnancy.37 The Swedish study analysed women's first preg-
nancy only, and in contrast, our study incorporated both preg-
nancy complications and the number of pregnancies. We could, 
therefore, separate those with only one lifetime pregnancy, which 
was important for maternal long-term mortality.

While underlying CVD risk factors might predispose to both pre-
eclampsia and later maternal CVD in singleton pregnancies, causes 
of pre-eclampsia in twin pregnancies may be less linked to long-term 
CVD.37 A previous study that examined the association between 
complications in twin pregnancy and later life CVD, suggested 
different pathophysiological processes in twin and singleton preg-
nancies.34 Likewise, studies have highlighted that there are differ-
ences in maternal adaptation during singleton and twin pregnancies; 
however, they have not found differences in indicators of maternal 
cardiovascular functions, such as blood pressure in later life.38 We 
could not find any studies investigating long-term CVD mortality in 
mothers with twins who experienced preterm delivery or perinatal 
loss. As with pre-eclampsia, preterm delivery and perinatal loss, may 
have different association with maternal mortality in twin and sin-
gleton pregnancies.

The higher ASCVD mortality in women with one lifetime preg-
nancy could have more than one explanation. For women who start 
with one singleton, stopping reproduction may be due to underly-
ing health concerns, severe pregnancy complications or subfertility, 

TABLE 3 Hazard ratios (HRs) with 95% confidence intervals (CI) for atherosclerotic cardiovascular disease (ASCVD) mortality before 
70 years of age by various categories of reproductive history with and without pregnancy complications (pre-eclampsia, preterm delivery, 
perinatal loss) at least once in 974,892 women, first pregnancy 1967–2013 and follow-up until 2020. Medical Birth Registry of Norway and 
Cause of Death Registry
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No. of 
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1000
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First singleton pregnancy and twins laterb with 
one or more complications

7969526.51.87 (1.42, 2.48)1.78 (1.35, 2.35)
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51,3503847.51.73 (1.54, 1.95)1.60 (1.42, 1.80)

Three singleton pregnancies without 
complication

222,4199354.21.00 (Reference)1.00 (Reference)

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HR, hazard ratio.
aEstimates were obtained using Cox regression and adjusted for year of first birth, maternal age at first birth, maternal education and chronic medical 
conditions (diabetes, hypertension, kidney disease and rheumatoid arthritis).
bWomen with twins either in second, third or fourth pregnancy.
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which prevents further conception. Women with twins may stop 
reproduction for all the same reasons, however they may also stop 
due to having achieved their desired family size of two children. The 
elevated risk of ASCVD mortality in both groups, however, slightly 
higher for women with one lifetime singleton pregnancy than one 
lifetime twin pregnancy, suggests multiple pathways through which 
reproductive patterns can influence later health.

5  |  CONCLUSIONS

Women with one pregnancy, twin or singleton, had increased risk 
of ASCVD mortality, compared to the referent of three singleton 
pregnancies. However, the relative increase in ASCVD mortality was 
slightly lower if this was a twin pregnancy. Women with a first twin 
pregnancy and continued reproduction had similar ASCVD mortal-
ity compared to women with three singleton pregnancies. Our find-
ings do not suggest a greater long-term burden on ASCVD mortality 
in women with twin pregnancies. The heterogeneity in risk found 
between women with one lifetime pregnancy and women who con-
tinue reproduction should be explored in future research. Women 
who stop reproduction after their first pregnancy, twin or singleton, 
may benefit from timely follow-up and intervention to mitigate fu-
ture risk of early deaths.
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which prevents further conception. Women with twins may stop 
reproduction for all the same reasons, however they may also stop 
due to having achieved their desired family size of two children. The 
elevated risk of ASCVD mortality in both groups, however, slightly 
higher for women with one lifetime singleton pregnancy than one 
lifetime twin pregnancy, suggests multiple pathways through which 
reproductive patterns can influence later health.

5 | CONCLUSIONS

Women with one pregnancy, twin or singleton, had increased risk 
of ASCVD mortality, compared to the referent of three singleton 
pregnancies. However, the relative increase in ASCVD mortality was 
slightly lower if this was a twin pregnancy. Women with a first twin 
pregnancy and continued reproduction had similar ASCVD mortal-
ity compared to women with three singleton pregnancies. Our find-
ings do not suggest a greater long-term burden on ASCVD mortality 
in women with twin pregnancies. The heterogeneity in risk found 
between women with one lifetime pregnancy and women who con-
tinue reproduction should be explored in future research. Women 
who stop reproduction after their first pregnancy, twin or singleton, 
may benefit from timely follow-up and intervention to mitigate fu-
ture risk of early deaths.
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which prevents further conception. Women with twins may stop 
reproduction for all the same reasons, however they may also stop 
due to having achieved their desired family size of two children. The 
elevated risk of ASCVD mortality in both groups, however, slightly 
higher for women with one lifetime singleton pregnancy than one 
lifetime twin pregnancy, suggests multiple pathways through which 
reproductive patterns can influence later health.

5 | CONCLUSIONS

Women with one pregnancy, twin or singleton, had increased risk 
of ASCVD mortality, compared to the referent of three singleton 
pregnancies. However, the relative increase in ASCVD mortality was 
slightly lower if this was a twin pregnancy. Women with a first twin 
pregnancy and continued reproduction had similar ASCVD mortal-
ity compared to women with three singleton pregnancies. Our find-
ings do not suggest a greater long-term burden on ASCVD mortality 
in women with twin pregnancies. The heterogeneity in risk found 
between women with one lifetime pregnancy and women who con-
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slightly lower if this was a twin pregnancy. Women with a first twin 
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ings do not suggest a greater long-term burden on ASCVD mortality 
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elevated risk of ASCVD mortality in both groups, however, slightly 
higher for women with one lifetime singleton pregnancy than one 
lifetime twin pregnancy, suggests multiple pathways through which 
reproductive patterns can influence later health.
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pregnancies. However, the relative increase in ASCVD mortality was 
slightly lower if this was a twin pregnancy. Women with a first twin 
pregnancy and continued reproduction had similar ASCVD mortal-
ity compared to women with three singleton pregnancies. Our find-
ings do not suggest a greater long-term burden on ASCVD mortality 
in women with twin pregnancies. The heterogeneity in risk found 
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which prevents further conception. Women with twins may stop 
reproduction for all the same reasons, however they may also stop 
due to having achieved their desired family size of two children. The 
elevated risk of ASCVD mortality in both groups, however, slightly 
higher for women with one lifetime singleton pregnancy than one 
lifetime twin pregnancy, suggests multiple pathways through which 
reproductive patterns can influence later health.

5 | CONCLUSIONS

Women with one pregnancy, twin or singleton, had increased risk 
of ASCVD mortality, compared to the referent of three singleton 
pregnancies. However, the relative increase in ASCVD mortality was 
slightly lower if this was a twin pregnancy. Women with a first twin 
pregnancy and continued reproduction had similar ASCVD mortal-
ity compared to women with three singleton pregnancies. Our find-
ings do not suggest a greater long-term burden on ASCVD mortality 
in women with twin pregnancies. The heterogeneity in risk found 
between women with one lifetime pregnancy and women who con-
tinue reproduction should be explored in future research. Women 
who stop reproduction after their first pregnancy, twin or singleton, 
may benefit from timely follow-up and intervention to mitigate fu-
ture risk of early deaths.
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lifetime twin pregnancy, suggests multiple pathways through which 
reproductive patterns can influence later health.
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ity compared to women with three singleton pregnancies. Our find-
ings do not suggest a greater long-term burden on ASCVD mortality 
in women with twin pregnancies. The heterogeneity in risk found 
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Definition of outcomes:  

The main outcome variable was Atherosclerotic cardiovascular disease (ASCVD) mortality 

defined as death from ischaemic heart disease, cerebrovascular disease or peripheral arterial 

disease in women before 70 years of age. The following codes from the International 

Statistical Classification of Diseases and Related Health Problems (ICD) 8th, 9th and 10th 

revisions were used:  

• Ischaemic heart disease: I20-I25 (ICD-10), 410-414 (ICD 8 and 9) 

• Cerebrovascular disease: I60-I69 (ICD-10), 430-438 (ICD 8 and 9) 

• Peripheral arterial disease: I70-I72, I74 (ICD-10), 440-444 (ICD 8 and 9).  

 

In addition, we also present results using more extended definition of CVD in the 

supplementary information. This extended CVD definition included ASCVD, hypertensive 

heart disease and cardiomyopathy. The following ICD codes were used for extended CVD 

definition in addition to ASCVD codes: 

• Hypertensive heart disease: I10-I15 (ICD-10), 400-405 (ICD 8 and 9).  

• Cardiomyopathy: I42 (ICD-10), 425 (ICD 8 and 9).
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1  |  INTRODUC TION

Birthweight is an important pregnancy outcome strongly associated 
with infant, child, and later adult life health.1,2 Previous research 
using both cross-sectional and longitudinal data indicates an inde-
pendent effect of parity on birthweight, with subsequent singleton 
babies being 80–140 g larger than the first singleton.3-6

The reasons why birthweights of subsequent offspring are 
in general larger than the first are not fully understood. Possible 
mechanisms include functional and physiological adaptations during 
pregnancy, which likely impact the uterine function in subsequent 
pregnancy. For example, hemodynamic adaptations leading to in-
creased uterine placental blood flow have been found in parous 
uteri, possibly allowing for more efficient oxygen and nutrient de-
livery to the fetus.7,8 Structural changes in spiral arteries following 
a first pregnancy may improve vascular remodeling during the next 
pregnancy.9 Also, pregnancy-related changes in the cardiovascular 
system, such as increased ventricular volume and cardiac output 
and decreased systemic vascular resistance, may be incompletely 
reversed postpartum, which may result in a more favorable uterine 
environment in a subsequent pregnancy.10 Finally, uterine structural 
changes following the first pregnancy, including changes in connec-
tive tissue proteins, may provide a better uterine capacity in later 
pregnancies.11,12 The current literature is, however, mostly based on 
successive singleton pregnancies and this association has not been 
studied for births following twins. Specifically, to our knowledge, no 
previous study has examined the patterns in birthweight of single-
tons following a twin pregnancy.

Women with twin pregnancies have larger placentas,13 higher 
cardiac output,14 evidence of systolic and diastolic dysfunction,15 
altered circulating angiogenic factors,16 more pregnancy compli-
cations,17,18 including shorter gestational age,19 and greater fetal 
nutrition demand20 than singleton pregnancies. In addition, twin 
pregnancies contribute a greater combined total offspring birth-
weight than singleton pregnancies. The resulting uterine capacity 
with twin pregnancy may be larger (combined birthweight, amni-
otic fluid, placental mass) and the uterine structural and functional 
changes may be greater than with singleton pregnancies. It remains 
unknown if these cardiovascular and uterine differences result 
in changes that impact birthweight in the subsequent pregnancy. 
Exploring birthweights of singletons following twin pregnancies 
may provide insight into the importance of factors resulting from 
pregnancy-related adaptation. In addition to physiological factors, 
other factors such as interpregnancy interval and pregnancy compli-
cations may differ based on the type of first pregnancy (twin or sin-
gleton). Women with singleton pregnancies with very short or long 
pregnancy interval are reported to be at increased risk of low birth-
weight21 but, to our knowledge, no earlier studies have described 
the association among women with a first twin pregnancy.

We aimed to compare birthweight in singleton pregnancies 
following a first twin pregnancy relative to a first singleton preg-
nancy to get a better understanding of the general parity effect on 

birthweight. We also describe differences in interpregnancy interval 
and subsequent offspring's birthweight in women with first twin or 
singleton pregnancies. We hypothesized that the increased burden 
on a woman's physical capacity during a first twin pregnancy would 
be associated with a larger increase in a subsequent singleton's 
birthweights compared with a first singleton pregnancy. Our find-
ings are relevant for clinicians who wonder whether a previous twin 
pregnancy could increase the risk of large subsequent singleton in-
fant, suggesting a need for closer follow up towards term.

2  |  MATERIAL AND METHODS

2.1  |  Study population

Data were obtained from the Medical Birth Registry of Norway 
(MBRN), a national population-based birth registry, established in 
1967. Since then, the register has recorded all pregnancies last-
ing 16 or more gestational weeks (12th week since 2002) by man-
datory notification. The unique national identification number 
provided to all residents in Norway allows women to be linked 
to all their pregnancies with women as the unit of observation. 
Our study population was restricted to women with a first preg-
nancy registered in the MBRN during 1967–2013 and followed for 
subsequent pregnancies until 2020. The main analyses consisted 
of a total of 4849 women who had a first twin pregnancy and a 
subsequent singleton pregnancy compared with 774 126 women 
with first and subsequent singleton pregnancies during the study 
period 1967–2020 (Figure  1). In our study, we excluded women 
who gave birth before gestational week 22 or after 44 weeks 
or had implausible z-score for birthweight by gestational age out-
side|5|. We further excluded triplet and quadruplet pregnancies 
because these pregnancies are both fewer in number than twin 
pregnancies and more complicated and might have different as-
sociations with birthweight and fetal growth in the subsequent 
pregnancy. Women who became pregnant through assisted repro-
ductive technologies were more likely to have twins, and could 
have underlying conditions causing fertility problems that also 
affect birthweight. We therefore excluded the 0.4% of mothers 
who used assisted reproductive technologies in either their first 
or second pregnancies.

Key message

Although twin pregnancies contributed a greater com-
bined offspring birthweight in the first pregnancy than a 
singleton pregnancy, birthweights of the subsequent sin-
gleton pregnancy were similar for offspring born after a 
twin pregnancy or after a singleton pregnancy.
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2.2  |  Exposure, outcome, and covariates

The exposure variable was twin or singleton status of the first preg-
nancy. Offspring birthweight was measured at delivery and recorded 
in grams (g) in the MBRN. Distribution of birthweights in first and 
subsequent singleton pregnancies was plotted using categories of 
absolute grams (ranging from 500 to 7000 g). In first-born twins we 
used both sum of birthweights in twin pairs and individual infant 
weights to describe birthweight distributions. Gestational age esti-
mates were based on reported last menstrual period. Ultrasound-
based estimates have been recorded in the MBRN from 1999, and 
were used, when available, for women with missing information on 
last menstrual period or with a difference between ultrasound-based 
estimate and last menstrual period estimates of more than 10 days. 
Z-scores for birthweight by gestational age were derived based on 
national birthweight and gestational age distributions.22 Our main 
outcome was birthweight in the subsequent singleton pregnancy.

We adjusted for possible confounding variables available in our data 
that could affect plurality in the first pregnancy and birthweight in the 
subsequent: secular trends year of first delivery (1967–1976, 1977–1986, 

1987–1996, 1997–2006, and 2007–2020) and mother's age at first de-
livery (in years: ≤19, 20–25, 26–30, 31–35, and >35). Other potential 
confounders could be mother's body mass index (BMI), which we did not 
have data on. However, BMI is related to maternal education, we there-
fore also adjusted for highest level of maternal education (<11 years, 11–
13 years, and ≥ 14 years). There are also studies describing different rates 
of twinning23,24 and general differences in birthweight across countries,25 
so mother's country of birth was also included as a potential confounder 
(Nordic: women born in Norway, Finland, Sweden, Denmark, and Iceland; 
non-Nordic: women born outside the Nordic countries). Information 
on highest attained level of maternal education was obtained from the 
National Education Database at Statistics Norway, 2020.

The frequency of pregnancy complications in the first and second 
pregnancy as well as the interpregnancy interval were calculated by 
twin or singleton status of the first pregnancy. Interpregnancy interval 
was calculated as the date of the subsequent delivery minus the date of 
the first delivery minus the pregnancy length of the subsequent preg-
nancy. Pregnancy complications were obtained from the MBRN. The 
definition of preeclampsia in the MBRN has changed somewhat over 
time in accordance with the clinical criteria applied by the Norwegian 

F I G U R E  1  Flowchart of the study population.
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diastolic combined with proteinuria (protein excretion of ≥0.3 g/24 h or 
≥1+ on dip-stick) after 20 weeks of gestation. Preterm delivery was de-
fined as births before 37 completed weeks of gestation. Perinatal loss 
included pregnancy loss, stillbirths, and neonatal deaths during the first 
week after birth (one or both infants in the case of twins).

2.3  |  Statistical analyses

All data were analyzed using STATA version 18 (StataCorp LLC, College 
Station, Texas). Descriptive statistics were presented as means with 
standard deviations (SD) for continuous variables (maternal age [years], 
gestational age [weeks], birthweight [grams] and interpregnancy inter-
val [years]), and as numbers and percentage for categorical variables 
(maternal education, country of birth, initiation of delivery, pregnancy 
complications in the first and subsequent pregnancy). Association be-
tween twin and singleton status of the first pregnancy and birthweight 
for subsequent singleton pregnancies as a continuous factor was evalu-
ated by linear regression adjusting for the confounders listed above. We 
also used plots to visualize the distribution of birthweight in the sub-
sequent singleton pregnancy after a first twin or singleton pregnancy. 
Differences in length of interpregnancy intervals and birthweight at 
different interpregnancy intervals were explored visually using plots. 
Interpregnancy interval was expressed in 1-year increments initially 
but for graphical presentation of birthweight by interpregnancy inter-
val, the longer interpregnancy intervals (>3.9 years) were combined as 
4–5.9, 6–7.9, 8–9.9, and 10–11.9 years due to smaller numbers.

2.4  |  Ethics statement

Norway by the Regional Committee for Medical Ethics Western 
Norway REC WEST 13818 on July 1, 2020.

3  |  RESULTS

A flow chart of the study sample is presented in Figure 1. Missing 
values for the covariates (maternal education and country of birth) 
were rare (0.5% and <0.1%). These analyses are based on the 
778 975 women with complete data.

3.1  |  Maternal and pregnancy characteristics of 
study population

Baseline characteristics of the 778 975 women with a first twin 
(n = 4849) or singleton (n = 774 126) birth and a subsequent singleton 
pregnancy are presented in Table 1. Mean maternal age at first de-
livery was similar in women with twin pregnancies (25.0 years) and 
women with singleton pregnancies (24.6 years). For women whose 

first two births were singletons, mean birthweight increased by an 
average of 151 g from first to second birth.

Mean gestational age was shorter for first twin pregnancies 
(252 days) than first singleton pregnancies (281 days). Combined 

TA B L E  1  Baseline characteristics of 778 975 women with a first 
twin (n = 4849) or singleton (n = 774 126) pregnancy. Medical Birth 
Registry of Norway, 1967–2020.

First twin  
pregnancy

First singleton 
pregnancy

N = 4849 N = 774 126
Mean ± SD or  
n (%)

Mean ± SD or  
n (%)

Maternal age (years) 25.0 ± 4.3 24.6 ± 4.4

Gestational age (days) 252.1 ± 28.7 280.9 ± 14.9

Birthweight (g)a 4627.7 ± 1390.2 3443.6 ± 568.5

Maternal education

Primary school 840 (17.3) 140 630 (18.2)

High school 1778 (36.7) 300 396 (38.8)

University 2208 (45.6) 329 047 (42.5)

Missing education 23 (0.5) 4053 (0.5)

Women's country of birth

Nordic 4521 (93.2) 718 684 (92.84)

Non-Nordic 328 (6.8) 55 432 (7.2)

Missing 0 10

Preterm delivery 2388 (49.3) 44 166 (5.7)

Preeclampsia 634 (13.1) 32 039 (4.1)

Perinatal loss 428 (8.8) 8698 (1.1)

Initiation of delivery

Spontaneous 3088 (63.6) 636 147 (82.2)

Induction 1171 (24.2) 119 305 (15.4)

Cesarean section 590 (12.2) 18 674 (2.4)

Interpregnancy interval 
(years)

4.2 ± 3.1 2.9 ± 2.4

<1 602 (12.4) 104 737 (13.5)

1–1.9 704 (14.5) 226 027 (29.2)

2–2.9 747 (15.4) 179 713 (23.2)

3–3.9 686 (14.1) 100 524 (13.0)

4–5.9 1047 (21.6) 89 707 (11.6)

6–7.9 548 (11.3) 37 418 (4.8)

8–9.9 272 (5.6) 17 942 (2.3)

10–11.9 132 (2.7) 9065 (1.9)

>12 58 (1.2) 4691 (0.6)

Missing 53 (1.1) 4302 (0.6)

Preterm in subsequent 
pregnancy

218 (4.5) 32 417 (4.2)

Preeclampsia in 
subsequent 
pregnancy

99 (2.0) 15 182 (2.0)

Abbreviation: SD, standard deviation.
aCombined mean birthweight of two fetuses for a twin pair.
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mean birthweight was 4628 g for a twin pair and 3444 g for a single-
ton in the first pregnancy. More than 90% of the women were born 
in Nordic countries. As expected, first twin pregnancies had a much 
higher occurrence of preterm delivery (49%), preeclampsia (13%), and 
perinatal loss (9%) than first singleton pregnancies (6%, 4%, and 1%, 
respectively), and the initiation of delivery was more frequently by 
prelabor cesarean section (12%) and induction of labor (24%) than in 
first-born singletons (2% and 15%, respectively). The occurrence of 
preterm delivery and preeclampsia in the subsequent singleton preg-
nancies was similar for women with a first twin pregnancy or a first 
singleton pregnancy (4.5% vs. 4.2% and 2.0% vs. 2.0%, respectively).

3.2  |  Birthweight and gestational age in the 
subsequent singleton pregnancy by first twin or 
singleton pregnancy

Mean birthweight was 3621 g in singleton pregnancies following a first 
twin pregnancy and 3595 g in singletons after a first singleton preg-
nancy (Table 2), resulting in a crude mean difference of 26 g. The mean 
gestational ages in the subsequent singleton pregnancy after a first twin 

or first singleton pregnancy were 39.6 and 39.7 weeks respectively. The 
z-scores for birthweight by gestational age in the subsequent single-
ton pregnancy were 0.15 and 0.08 after a first twin and first singleton 
pregnancy, respectively. The adjusted difference in mean birthweight in 
subsequent singletons among women with a first twin pregnancy com-
pared with offspring of women with a first singleton was 21 g (95% con-
fidence interval 5–37) after adjusting for maternal age at first delivery, 
year of first delivery, maternal education, and country of birth.

The distributions of birthweight in the first (Figure  2A) and 
subsequent (Figure 2B) pregnancies show that although the birth-
weights of twin and singleton infants are markedly different in the 
first birth (Figure 2A), the birthweight distributions are almost iden-
tical in the subsequent singleton birth (Figure 2B).

3.3  |  Birthweight in the subsequent singleton 
pregnancy by interpregnancy interval

Women with a first twin pregnancy had a mean ± SD interpregnancy 
interval of 4.2 ± 3.1 years, whereas women with a first singleton preg-
nancy had a mean ± SD interpregnancy interval of 2.9 ± 2.4 years. The 
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(n = 774 126) pregnancy, Medical Birth Registry of Norway, 1967–2020.

Subsequent singleton pregnancy

n
Birthweight (g), 
mean ± SD

Gestational age 
(wk), mean ± SD

z-score,a 
mean ± SD

Difference in 
birthweight (g) 
unadjustedb (95% CI)

Difference in 
birthweight (g): 
adjustedc (95% CI)

First twin pregnancy48493621 (575)39.6 (1.9)0.15 (1.05)26.07 (10.29–41.85)20.92 (5.19–36.67)

First singleton pregnancy774 1263595 (559)39.7 (1.9)0.08 (1.01)ReferenceReference

Abbreviations: CI, confidence interval; SD, standard deviation.
aZ-score for birthweight by gestational age.
bLinear regression.
cAdjusted for maternal age at first delivery, year of first delivery, maternal education, and country of birth.

FIGURE 2 (A) Frequency distributions of mean birthweight in the first pregnancy, either twin or singleton. (B) Frequency distributions of 
mean birthweight in the subsequent singleton pregnancy by first twin or singleton pregnancy.
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mean birthweight was 4628 g for a twin pair and 3444 g for a single-
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frequency distribution plots of interpregnancy interval showed that 
women who had singletons in the first pregnancy had a peak in fre-
quency of a subsequent pregnancy at about 2 years (Figure 3A) and the 
majority (66%) of women with a first singleton pregnancy had inter-
pregnancy interval of less than 3 years. In contrast the interpregnancy 
intervals in women with a first twin pregnancy were longer with a 
wider distribution and a less pronounced peak (Figure 3A). Following a 
first twin pregnancy only 42% of women had a subsequent pregnancy 
within 3 years. Although the birthweights of infants born within 3 years 
of a previous twin or singleton birth were similar (Figure 3B), there were 
differences in the birthweight patterns for longer interpregnancy inter-
vals. Women with a first singleton pregnancy had an evident declining 
birthweight in the subsequent pregnancy with increasing interpreg-
nancy intervals beyond 3 years, but a similar declining pattern was not 
observed among women with a first twin pregnancy.

4  |  DISCUSSION

In this population-based cohort study using maternally linked sibship 
data in Norway, we found that although the combined birthweights 

of twins were on average more than a kilogram heavier than single-
ton pregnancies, the mean birthweight of singleton infants in the 
subsequent pregnancy were similar regardless of whether the earlier 
birth was twin or singleton. After a twin pregnancy, the adjusted 
mean weight of a singleton birth was only 21 g heavier than a single-
ton birth after a previous singleton pregnancy.

Earlier studies have suggested that birthweight is affected by 
differences in maternal physiological factors that change between 
the first and subsequent pregnancy.3 These maternal physiological 
changes might impact the growth and size of the fetus. At the same 
time, growth of the fetus is also related to stable maternal factors, as 
women tend to have successive singleton babies of similar size.27,28

In our study, as expected, the mean total sum of birthweights 
in the first twin pregnancies was higher than the mean birthweight 
of first singletons. When amniotic fluid and placentas are also con-
sidered, it is likely that many women with twin pregnancies have a 
greater uterine distension than women with singleton pregnancies. 
This overdistension of the uterus in twin pregnancy has been hy-
pothesized as a possible causal factor in the mechanisms leading to 
preterm delivery.29,30 Increased birthweight in subsequent pregnan-
cies might be the result of the improved uterine capacity and function 

F I G U R E  3  (A) Frequency distributions of interval between first and second pregnancy by plurality. (B) Mean birthweight (with 95% 
confidence interval) in the subsequent singleton pregnancy after a first twin or singleton pregnancy. In (B), interpregnancy interval in years is 
truncated as 0–0.9, 1–1.9, 2–2.9, 3–3.9, 4–5.9, 6–7.9, 8–9.9, and 10–11.9.
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following a first pregnancy.7,8,12 If this was the primary reason, we 
might expect that births following a first twin pregnancy would weigh 
substantially more than those following a first singleton pregnancy.

However, our data do not support this hypothesis. Although the 
combined birthweights of twin pregnancies were on average more 
than a kilogram heavier than singleton pregnancies, this additional 
weight and uterine expansion was associated with only a trivial in-
crease in birthweight in the subsequent singleton pregnancy. The 
parity effect on birthweight (in the range of 80–140 g) therefore 
seems to be due to other mechanisms not yet understood.

The associations of birthweight with interpregnancy interval de-
serve special comment. We found that, after a singleton birth, the mean 
weight of the subsequent baby declined when the interpregnancy in-
terval was longer than 3 years. This association probably reflects selec-
tion, in which the women who take longer to conceive after a singleton 
pregnancy are more likely to be subfertile and to have associated 
health problems that decrease birthweight. Such selection would not 
be as strong for mothers of twin babies, for whom having twins is itself 
a reason for a longer pregnancy interval (Figure 3A). After a twin birth, 
there are more healthy mothers with longer interpregnancy intervals, 
and less evidence of declining birthweights (Figure 3B). Further, ad-
verse social factors like low education and change of partner may also 
be more frequent among singleton women with long interpregnancy 
interval compared with mothers of twins with long intervals. In this 
framework, pregnancy interval is not a confounder, and adjustment for 
pregnancy interval would not be justified. We can be further reassured 
that interpregnancy interval is not affecting our results by restricting 
to births within the first 2 years after delivery, during which time, se-
lection should be less important. Within this time range, there is no ev-
idence that a previous twin birth results in a heavier subsequent birth.

The main strength of our study is the maternally linked offspring 
design based on a population-based cohort with mandatory registra-
tion of mothers and offspring in Norway. This large cohort of births 
over 50 years provided sufficient sample size to study association in 
subsequent pregnancies. Another strength of the study is the valid 
measurement and reporting of birthweight, which has been consistent 
over time.31

We lacked information on some possible confounding factors 
such as smoking, gestational weight gain, and BMI resulting in pos-
sible residual confounding. Information on gestational diabetes was 
not available for the whole study period. Additionally, we did not 
have information on diet, weight change between pregnancies, and 
lifestyle factors that may have varied between first and subsequent 
pregnancy. Many of these factors are, however, related to maternal 
educational level, so by adjusting educational level we have likely 
reduced some of this residual confounding.
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Our study showed that women with a first twin pregnancy have sin-
gletons in the next pregnancy of similar birthweight to women with 
a first singleton pregnancy. Our findings indicate that the increased 
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following a first pregnancy.7,8,12 If this was the primary reason, we 
might expect that births following a first twin pregnancy would weigh 
substantially more than those following a first singleton pregnancy.

However, our data do not support this hypothesis. Although the 
combined birthweights of twin pregnancies were on average more 
than a kilogram heavier than singleton pregnancies, this additional 
weight and uterine expansion was associated with only a trivial in-
crease in birthweight in the subsequent singleton pregnancy. The 
parity effect on birthweight (in the range of 80–140 g) therefore 
seems to be due to other mechanisms not yet understood.

The associations of birthweight with interpregnancy interval de-
serve special comment. We found that, after a singleton birth, the mean 
weight of the subsequent baby declined when the interpregnancy in-
terval was longer than 3 years. This association probably reflects selec-
tion, in which the women who take longer to conceive after a singleton 
pregnancy are more likely to be subfertile and to have associated 
health problems that decrease birthweight. Such selection would not 
be as strong for mothers of twin babies, for whom having twins is itself 
a reason for a longer pregnancy interval (Figure 3A). After a twin birth, 
there are more healthy mothers with longer interpregnancy intervals, 
and less evidence of declining birthweights (Figure 3B). Further, ad-
verse social factors like low education and change of partner may also 
be more frequent among singleton women with long interpregnancy 
interval compared with mothers of twins with long intervals. In this 
framework, pregnancy interval is not a confounder, and adjustment for 
pregnancy interval would not be justified. We can be further reassured 
that interpregnancy interval is not affecting our results by restricting 
to births within the first 2 years after delivery, during which time, se-
lection should be less important. Within this time range, there is no ev-
idence that a previous twin birth results in a heavier subsequent birth.

The main strength of our study is the maternally linked offspring 
design based on a population-based cohort with mandatory registra-
tion of mothers and offspring in Norway. This large cohort of births 
over 50 years provided sufficient sample size to study association in 
subsequent pregnancies. Another strength of the study is the valid 
measurement and reporting of birthweight, which has been consistent 
over time.31

We lacked information on some possible confounding factors 
such as smoking, gestational weight gain, and BMI resulting in pos-
sible residual confounding. Information on gestational diabetes was 
not available for the whole study period. Additionally, we did not 
have information on diet, weight change between pregnancies, and 
lifestyle factors that may have varied between first and subsequent 
pregnancy. Many of these factors are, however, related to maternal 
educational level, so by adjusting educational level we have likely 
reduced some of this residual confounding.

5 | CONCLUSION

Our study showed that women with a first twin pregnancy have sin-
gletons in the next pregnancy of similar birthweight to women with 
a first singleton pregnancy. Our findings indicate that the increased 

physiological and mechanical burden resulting from a twin preg-
nancy do not explain the general parity effect on the birthweight of 
first and second singleton births.
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following a first pregnancy.7,8,12 If this was the primary reason, we 
might expect that births following a first twin pregnancy would weigh 
substantially more than those following a first singleton pregnancy.

However, our data do not support this hypothesis. Although the 
combined birthweights of twin pregnancies were on average more 
than a kilogram heavier than singleton pregnancies, this additional 
weight and uterine expansion was associated with only a trivial in-
crease in birthweight in the subsequent singleton pregnancy. The 
parity effect on birthweight (in the range of 80–140 g) therefore 
seems to be due to other mechanisms not yet understood.

The associations of birthweight with interpregnancy interval de-
serve special comment. We found that, after a singleton birth, the mean 
weight of the subsequent baby declined when the interpregnancy in-
terval was longer than 3 years. This association probably reflects selec-
tion, in which the women who take longer to conceive after a singleton 
pregnancy are more likely to be subfertile and to have associated 
health problems that decrease birthweight. Such selection would not 
be as strong for mothers of twin babies, for whom having twins is itself 
a reason for a longer pregnancy interval (Figure 3A). After a twin birth, 
there are more healthy mothers with longer interpregnancy intervals, 
and less evidence of declining birthweights (Figure 3B). Further, ad-
verse social factors like low education and change of partner may also 
be more frequent among singleton women with long interpregnancy 
interval compared with mothers of twins with long intervals. In this 
framework, pregnancy interval is not a confounder, and adjustment for 
pregnancy interval would not be justified. We can be further reassured 
that interpregnancy interval is not affecting our results by restricting 
to births within the first 2 years after delivery, during which time, se-
lection should be less important. Within this time range, there is no ev-
idence that a previous twin birth results in a heavier subsequent birth.

The main strength of our study is the maternally linked offspring 
design based on a population-based cohort with mandatory registra-
tion of mothers and offspring in Norway. This large cohort of births 
over 50 years provided sufficient sample size to study association in 
subsequent pregnancies. Another strength of the study is the valid 
measurement and reporting of birthweight, which has been consistent 
over time.31

We lacked information on some possible confounding factors 
such as smoking, gestational weight gain, and BMI resulting in pos-
sible residual confounding. Information on gestational diabetes was 
not available for the whole study period. Additionally, we did not 
have information on diet, weight change between pregnancies, and 
lifestyle factors that may have varied between first and subsequent 
pregnancy. Many of these factors are, however, related to maternal 
educational level, so by adjusting educational level we have likely 
reduced some of this residual confounding.

5 | CONCLUSION

Our study showed that women with a first twin pregnancy have sin-
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following a first pregnancy.7,8,12 If this was the primary reason, we 
might expect that births following a first twin pregnancy would weigh 
substantially more than those following a first singleton pregnancy.

However, our data do not support this hypothesis. Although the 
combined birthweights of twin pregnancies were on average more 
than a kilogram heavier than singleton pregnancies, this additional 
weight and uterine expansion was associated with only a trivial in-
crease in birthweight in the subsequent singleton pregnancy. The 
parity effect on birthweight (in the range of 80–140 g) therefore 
seems to be due to other mechanisms not yet understood.

The associations of birthweight with interpregnancy interval de-
serve special comment. We found that, after a singleton birth, the mean 
weight of the subsequent baby declined when the interpregnancy in-
terval was longer than 3 years. This association probably reflects selec-
tion, in which the women who take longer to conceive after a singleton 
pregnancy are more likely to be subfertile and to have associated 
health problems that decrease birthweight. Such selection would not 
be as strong for mothers of twin babies, for whom having twins is itself 
a reason for a longer pregnancy interval (Figure 3A). After a twin birth, 
there are more healthy mothers with longer interpregnancy intervals, 
and less evidence of declining birthweights (Figure 3B). Further, ad-
verse social factors like low education and change of partner may also 
be more frequent among singleton women with long interpregnancy 
interval compared with mothers of twins with long intervals. In this 
framework, pregnancy interval is not a confounder, and adjustment for 
pregnancy interval would not be justified. We can be further reassured 
that interpregnancy interval is not affecting our results by restricting 
to births within the first 2 years after delivery, during which time, se-
lection should be less important. Within this time range, there is no ev-
idence that a previous twin birth results in a heavier subsequent birth.

The main strength of our study is the maternally linked offspring 
design based on a population-based cohort with mandatory registra-
tion of mothers and offspring in Norway. This large cohort of births 
over 50 years provided sufficient sample size to study association in 
subsequent pregnancies. Another strength of the study is the valid 
measurement and reporting of birthweight, which has been consistent 
over time.31

We lacked information on some possible confounding factors 
such as smoking, gestational weight gain, and BMI resulting in pos-
sible residual confounding. Information on gestational diabetes was 
not available for the whole study period. Additionally, we did not 
have information on diet, weight change between pregnancies, and 
lifestyle factors that may have varied between first and subsequent 
pregnancy. Many of these factors are, however, related to maternal 
educational level, so by adjusting educational level we have likely 
reduced some of this residual confounding.

5  |  CONCLUSION

Our study showed that women with a first twin pregnancy have sin-
gletons in the next pregnancy of similar birthweight to women with 
a first singleton pregnancy. Our findings indicate that the increased 

physiological and mechanical burden resulting from a twin preg-
nancy do not explain the general parity effect on the birthweight of 
first and second singleton births.
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following a first pregnancy.7,8,12 If this was the primary reason, we 
might expect that births following a first twin pregnancy would weigh 
substantially more than those following a first singleton pregnancy.

However, our data do not support this hypothesis. Although the 
combined birthweights of twin pregnancies were on average more 
than a kilogram heavier than singleton pregnancies, this additional 
weight and uterine expansion was associated with only a trivial in-
crease in birthweight in the subsequent singleton pregnancy. The 
parity effect on birthweight (in the range of 80–140 g) therefore 
seems to be due to other mechanisms not yet understood.

The associations of birthweight with interpregnancy interval de-
serve special comment. We found that, after a singleton birth, the mean 
weight of the subsequent baby declined when the interpregnancy in-
terval was longer than 3 years. This association probably reflects selec-
tion, in which the women who take longer to conceive after a singleton 
pregnancy are more likely to be subfertile and to have associated 
health problems that decrease birthweight. Such selection would not 
be as strong for mothers of twin babies, for whom having twins is itself 
a reason for a longer pregnancy interval (Figure 3A). After a twin birth, 
there are more healthy mothers with longer interpregnancy intervals, 
and less evidence of declining birthweights (Figure 3B). Further, ad-
verse social factors like low education and change of partner may also 
be more frequent among singleton women with long interpregnancy 
interval compared with mothers of twins with long intervals. In this 
framework, pregnancy interval is not a confounder, and adjustment for 
pregnancy interval would not be justified. We can be further reassured 
that interpregnancy interval is not affecting our results by restricting 
to births within the first 2 years after delivery, during which time, se-
lection should be less important. Within this time range, there is no ev-
idence that a previous twin birth results in a heavier subsequent birth.

The main strength of our study is the maternally linked offspring 
design based on a population-based cohort with mandatory registra-
tion of mothers and offspring in Norway. This large cohort of births 
over 50 years provided sufficient sample size to study association in 
subsequent pregnancies. Another strength of the study is the valid 
measurement and reporting of birthweight, which has been consistent 
over time.31

We lacked information on some possible confounding factors 
such as smoking, gestational weight gain, and BMI resulting in pos-
sible residual confounding. Information on gestational diabetes was 
not available for the whole study period. Additionally, we did not 
have information on diet, weight change between pregnancies, and 
lifestyle factors that may have varied between first and subsequent 
pregnancy. Many of these factors are, however, related to maternal 
educational level, so by adjusting educational level we have likely 
reduced some of this residual confounding.

5  |  CONCLUSION

Our study showed that women with a first twin pregnancy have sin-
gletons in the next pregnancy of similar birthweight to women with 
a first singleton pregnancy. Our findings indicate that the increased 

physiological and mechanical burden resulting from a twin preg-
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first and second singleton births.
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following a first pregnancy.7,8,12 If this was the primary reason, we 
might expect that births following a first twin pregnancy would weigh 
substantially more than those following a first singleton pregnancy.

However, our data do not support this hypothesis. Although the 
combined birthweights of twin pregnancies were on average more 
than a kilogram heavier than singleton pregnancies, this additional 
weight and uterine expansion was associated with only a trivial in-
crease in birthweight in the subsequent singleton pregnancy. The 
parity effect on birthweight (in the range of 80–140 g) therefore 
seems to be due to other mechanisms not yet understood.

The associations of birthweight with interpregnancy interval de-
serve special comment. We found that, after a singleton birth, the mean 
weight of the subsequent baby declined when the interpregnancy in-
terval was longer than 3 years. This association probably reflects selec-
tion, in which the women who take longer to conceive after a singleton 
pregnancy are more likely to be subfertile and to have associated 
health problems that decrease birthweight. Such selection would not 
be as strong for mothers of twin babies, for whom having twins is itself 
a reason for a longer pregnancy interval (Figure 3A). After a twin birth, 
there are more healthy mothers with longer interpregnancy intervals, 
and less evidence of declining birthweights (Figure 3B). Further, ad-
verse social factors like low education and change of partner may also 
be more frequent among singleton women with long interpregnancy 
interval compared with mothers of twins with long intervals. In this 
framework, pregnancy interval is not a confounder, and adjustment for 
pregnancy interval would not be justified. We can be further reassured 
that interpregnancy interval is not affecting our results by restricting 
to births within the first 2 years after delivery, during which time, se-
lection should be less important. Within this time range, there is no ev-
idence that a previous twin birth results in a heavier subsequent birth.

The main strength of our study is the maternally linked offspring 
design based on a population-based cohort with mandatory registra-
tion of mothers and offspring in Norway. This large cohort of births 
over 50 years provided sufficient sample size to study association in 
subsequent pregnancies. Another strength of the study is the valid 
measurement and reporting of birthweight, which has been consistent 
over time.31

We lacked information on some possible confounding factors 
such as smoking, gestational weight gain, and BMI resulting in pos-
sible residual confounding. Information on gestational diabetes was 
not available for the whole study period. Additionally, we did not 
have information on diet, weight change between pregnancies, and 
lifestyle factors that may have varied between first and subsequent 
pregnancy. Many of these factors are, however, related to maternal 
educational level, so by adjusting educational level we have likely 
reduced some of this residual confounding.
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following a first pregnancy.7,8,12 If this was the primary reason, we 
might expect that births following a first twin pregnancy would weigh 
substantially more than those following a first singleton pregnancy.

However, our data do not support this hypothesis. Although the 
combined birthweights of twin pregnancies were on average more 
than a kilogram heavier than singleton pregnancies, this additional 
weight and uterine expansion was associated with only a trivial in-
crease in birthweight in the subsequent singleton pregnancy. The 
parity effect on birthweight (in the range of 80–140 g) therefore 
seems to be due to other mechanisms not yet understood.

The associations of birthweight with interpregnancy interval de-
serve special comment. We found that, after a singleton birth, the mean 
weight of the subsequent baby declined when the interpregnancy in-
terval was longer than 3 years. This association probably reflects selec-
tion, in which the women who take longer to conceive after a singleton 
pregnancy are more likely to be subfertile and to have associated 
health problems that decrease birthweight. Such selection would not 
be as strong for mothers of twin babies, for whom having twins is itself 
a reason for a longer pregnancy interval (Figure 3A). After a twin birth, 
there are more healthy mothers with longer interpregnancy intervals, 
and less evidence of declining birthweights (Figure 3B). Further, ad-
verse social factors like low education and change of partner may also 
be more frequent among singleton women with long interpregnancy 
interval compared with mothers of twins with long intervals. In this 
framework, pregnancy interval is not a confounder, and adjustment for 
pregnancy interval would not be justified. We can be further reassured 
that interpregnancy interval is not affecting our results by restricting 
to births within the first 2 years after delivery, during which time, se-
lection should be less important. Within this time range, there is no ev-
idence that a previous twin birth results in a heavier subsequent birth.

The main strength of our study is the maternally linked offspring 
design based on a population-based cohort with mandatory registra-
tion of mothers and offspring in Norway. This large cohort of births 
over 50 years provided sufficient sample size to study association in 
subsequent pregnancies. Another strength of the study is the valid 
measurement and reporting of birthweight, which has been consistent 
over time.31

We lacked information on some possible confounding factors 
such as smoking, gestational weight gain, and BMI resulting in pos-
sible residual confounding. Information on gestational diabetes was 
not available for the whole study period. Additionally, we did not 
have information on diet, weight change between pregnancies, and 
lifestyle factors that may have varied between first and subsequent 
pregnancy. Many of these factors are, however, related to maternal 
educational level, so by adjusting educational level we have likely 
reduced some of this residual confounding.

5 | CONCLUSION

Our study showed that women with a first twin pregnancy have sin-
gletons in the next pregnancy of similar birthweight to women with 
a first singleton pregnancy. Our findings indicate that the increased 
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following a first pregnancy.7,8,12 If this was the primary reason, we 
might expect that births following a first twin pregnancy would weigh 
substantially more than those following a first singleton pregnancy.

However, our data do not support this hypothesis. Although the 
combined birthweights of twin pregnancies were on average more 
than a kilogram heavier than singleton pregnancies, this additional 
weight and uterine expansion was associated with only a trivial in-
crease in birthweight in the subsequent singleton pregnancy. The 
parity effect on birthweight (in the range of 80–140 g) therefore 
seems to be due to other mechanisms not yet understood.

The associations of birthweight with interpregnancy interval de-
serve special comment. We found that, after a singleton birth, the mean 
weight of the subsequent baby declined when the interpregnancy in-
terval was longer than 3 years. This association probably reflects selec-
tion, in which the women who take longer to conceive after a singleton 
pregnancy are more likely to be subfertile and to have associated 
health problems that decrease birthweight. Such selection would not 
be as strong for mothers of twin babies, for whom having twins is itself 
a reason for a longer pregnancy interval (Figure 3A). After a twin birth, 
there are more healthy mothers with longer interpregnancy intervals, 
and less evidence of declining birthweights (Figure 3B). Further, ad-
verse social factors like low education and change of partner may also 
be more frequent among singleton women with long interpregnancy 
interval compared with mothers of twins with long intervals. In this 
framework, pregnancy interval is not a confounder, and adjustment for 
pregnancy interval would not be justified. We can be further reassured 
that interpregnancy interval is not affecting our results by restricting 
to births within the first 2 years after delivery, during which time, se-
lection should be less important. Within this time range, there is no ev-
idence that a previous twin birth results in a heavier subsequent birth.

The main strength of our study is the maternally linked offspring 
design based on a population-based cohort with mandatory registra-
tion of mothers and offspring in Norway. This large cohort of births 
over 50 years provided sufficient sample size to study association in 
subsequent pregnancies. Another strength of the study is the valid 
measurement and reporting of birthweight, which has been consistent 
over time.31

We lacked information on some possible confounding factors 
such as smoking, gestational weight gain, and BMI resulting in pos-
sible residual confounding. Information on gestational diabetes was 
not available for the whole study period. Additionally, we did not 
have information on diet, weight change between pregnancies, and 
lifestyle factors that may have varied between first and subsequent 
pregnancy. Many of these factors are, however, related to maternal 
educational level, so by adjusting educational level we have likely 
reduced some of this residual confounding.

5 | CONCLUSION

Our study showed that women with a first twin pregnancy have sin-
gletons in the next pregnancy of similar birthweight to women with 
a first singleton pregnancy. Our findings indicate that the increased 
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following a first pregnancy.7,8,12 If this was the primary reason, we 
might expect that births following a first twin pregnancy would weigh 
substantially more than those following a first singleton pregnancy.

However, our data do not support this hypothesis. Although the 
combined birthweights of twin pregnancies were on average more 
than a kilogram heavier than singleton pregnancies, this additional 
weight and uterine expansion was associated with only a trivial in-
crease in birthweight in the subsequent singleton pregnancy. The 
parity effect on birthweight (in the range of 80–140 g) therefore 
seems to be due to other mechanisms not yet understood.

The associations of birthweight with interpregnancy interval de-
serve special comment. We found that, after a singleton birth, the mean 
weight of the subsequent baby declined when the interpregnancy in-
terval was longer than 3 years. This association probably reflects selec-
tion, in which the women who take longer to conceive after a singleton 
pregnancy are more likely to be subfertile and to have associated 
health problems that decrease birthweight. Such selection would not 
be as strong for mothers of twin babies, for whom having twins is itself 
a reason for a longer pregnancy interval (Figure 3A). After a twin birth, 
there are more healthy mothers with longer interpregnancy intervals, 
and less evidence of declining birthweights (Figure 3B). Further, ad-
verse social factors like low education and change of partner may also 
be more frequent among singleton women with long interpregnancy 
interval compared with mothers of twins with long intervals. In this 
framework, pregnancy interval is not a confounder, and adjustment for 
pregnancy interval would not be justified. We can be further reassured 
that interpregnancy interval is not affecting our results by restricting 
to births within the first 2 years after delivery, during which time, se-
lection should be less important. Within this time range, there is no ev-
idence that a previous twin birth results in a heavier subsequent birth.

The main strength of our study is the maternally linked offspring 
design based on a population-based cohort with mandatory registra-
tion of mothers and offspring in Norway. This large cohort of births 
over 50 years provided sufficient sample size to study association in 
subsequent pregnancies. Another strength of the study is the valid 
measurement and reporting of birthweight, which has been consistent 
over time.31

We lacked information on some possible confounding factors 
such as smoking, gestational weight gain, and BMI resulting in pos-
sible residual confounding. Information on gestational diabetes was 
not available for the whole study period. Additionally, we did not 
have information on diet, weight change between pregnancies, and 
lifestyle factors that may have varied between first and subsequent 
pregnancy. Many of these factors are, however, related to maternal 
educational level, so by adjusting educational level we have likely 
reduced some of this residual confounding.

5 | CONCLUSION
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Abstract
Objective: To compare the risk of adverse pregnancy outcomes between twin-born 
and singleton-born women. We also evaluated whether in utero exposure to pre-
eclampsia or preterm delivery affected adverse pregnancy outcomes in women's own 
pregnancies.
Design: Population-based cohort study.
Setting: Medical Birth Registry of Norway 1967–2020.
Population: 9184 twin-born and 492 894 singleton-born women during 1967–2005, 
with their later pregnancies registered during 1981–2020.
Methods: Data from an individual's birth were linked to their later pregnancies. We 
used generalised linear models with log link binomial distribution to obtain expo-
nentiated regression coefficients that estimated relative risks (RRs) with 95% confi-
dence intervals (CIs) for associations between twin- or singleton-born women and 
later adverse pregnancy outcomes.
Main outcome measures: Pre-eclampsia, preterm delivery or perinatal loss in twin-
born compared with singleton-born women.
Results: There was no increased risk for adverse outcomes in twin-born compared 
with singleton-born women: adjusted RRs for pre-eclampsia were 1.00 (95% CI 0.93–
1.09), for preterm delivery 0.96 (95% CI 0.90–1.02) and for perinatal loss 1.00 (95% 
CI 0.84–1.18). Compared with singleton-born women exposed to pre-eclampsia in 
utero, twin-born women exposed to pre-eclampsia had lower risk of adverse out-
comes in their own pregnancies; the aRR for pre-eclampsia was 0.73 (95% CI 0.58–
0.91) and for preterm delivery was 0.71 (95% CI 0.56–0.90). Compared with preterm 
singleton-born women, preterm twin-born women did not differ in terms of risk 
of pre-eclampsia (aRR 1.05, 95% CI 0.92–1.21) or perinatal loss (aRR 0.99, 95% CI 
0.71–1.37) and had reduced risk of preterm delivery (RR 0.83, 95% CI 0.74–0.94).
Conclusions: Twin-born women did not differ from singleton-born women in terms 
of risk of adverse pregnancy outcomes. Twin-born women exposed to pre-eclampsia 
in utero, had a lower risk of pre-eclampsia and preterm delivery compared with sin-
gleton-born women exposed to pre-eclampsia.

K E Y W O R D S
cohort study, epidemiology, inter-generational, perinatal loss, pre-eclampsia, preterm birth, twin 
pregnancy
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Objective: To compare the risk of adverse pregnancy outcomes between twin-born 
and singleton-born women. We also evaluated whether in utero exposure to pre-
eclampsia or preterm delivery affected adverse pregnancy outcomes in women's own 
pregnancies.
Design: Population-based cohort study.
Setting: Medical Birth Registry of Norway 1967–2020.
Population: 9184 twin-born and 492 894 singleton-born women during 1967–2005, 
with their later pregnancies registered during 1981–2020.
Methods: Data from an individual's birth were linked to their later pregnancies. We 
used generalised linear models with log link binomial distribution to obtain expo-
nentiated regression coefficients that estimated relative risks (RRs) with 95% confi-
dence intervals (CIs) for associations between twin- or singleton-born women and 
later adverse pregnancy outcomes.
Main outcome measures: Pre-eclampsia, preterm delivery or perinatal loss in twin-
born compared with singleton-born women.
Results: There was no increased risk for adverse outcomes in twin-born compared 
with singleton-born women: adjusted RRs for pre-eclampsia were 1.00 (95% CI 0.93–
1.09), for preterm delivery 0.96 (95% CI 0.90–1.02) and for perinatal loss 1.00 (95% 
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singleton-born women, preterm twin-born women did not differ in terms of risk 
of pre-eclampsia (aRR 1.05, 95% CI 0.92–1.21) or perinatal loss (aRR 0.99, 95% CI 
0.71–1.37) and had reduced risk of preterm delivery (RR 0.83, 95% CI 0.74–0.94).
Conclusions: Twin-born women did not differ from singleton-born women in terms 
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0.91) and for preterm delivery was 0.71 (95% CI 0.56–0.90). Compared with preterm 
singleton-born women, preterm twin-born women did not differ in terms of risk 
of pre-eclampsia (aRR 1.05, 95% CI 0.92–1.21) or perinatal loss (aRR 0.99, 95% CI 
0.71–1.37) and had reduced risk of preterm delivery (RR 0.83, 95% CI 0.74–0.94).
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2  |      BASNET et al.

1  |   I N TRODUC TION

Infants born preterm or in pregnancies with pre-eclampsia 
are disproportionately more likely to have long-term signif-
icant sequelae than are infants born without these adverse 
pregnancy complications.1–3 There is accumulating evidence 
that exposure to complications in utero may influence later 
health.4,5 Pre-eclampsia is a pregnancy-specific condition 
characterised by elevated blood pressure and proteinuria.6 
Both preterm delivery and pre-eclampsia are associated 
with increased risk of later maternal health consequences;7,8 
however, the exact cause of these complications is not fully 
understood.

Studies have investigated the inter-generational im-
pact of adverse pregnancy outcomes, such as recurrence 
of pre-eclampsia or preterm delivery in daughters born 
preterm or those whose mothers had pre-eclampsia.9,10 
Twin gestations are associated with higher occurrence 
of adverse pregnancy outcomes such as pre-eclampsia, 
preterm delivery and perinatal loss.11–13 However, little is 
known about the inter-generational recurrence of adverse 
pregnancy outcomes in twin-born women compared with 
singleton-born women.

Using a national population-based registry containing in-
formation on women's own birth and their later pregnancies, 
the objective in this study was to compare the risk of adverse 
pregnancy outcomes between twin-born and singleton-born 
women. We also evaluated whether in utero exposure to 
pre-eclampsia or preterm delivery were associated with ad-
verse pregnancy outcomes in women's own pregnancies.

2  |   M ETHODS

2.1  |  Data source

This study used data from the nationwide population-based 
Medical Birth Registry of Norway (MBRN). Using unique 
national identification numbers, we linked birth record in-
formation of females born in 1967–2005 to the birth record 
information of their own offspring born in 1981–2020, pro-
viding information on pregnancies across two generations. 
Information on women's highest attained level of education 
by 2020 was obtained from the National Education Database 
at Statistics Norway.

The MBRN is based on mandatory notification of all live 
births, stillbirths and pregnancy losses from 16 weeks of ges-
tation. The registry includes prospectively collected data on 
women's health before and during pregnancy, the delivery 
and the immediate postpartum period, including demo-
graphics, complications and treatments during delivery as 
well as infant outcomes.14 The attending midwife and obste-
trician record data using a standardised notification form, 
either as free text or, since 1999, by predefined variables or 
check boxes in addition to free text. Since 2006, the registry 
has undertaken a gradual transition to electronic birth no-
tification (complete in 2014) and the notifications are now 

based on prespecified extractions from the medical records 
at the delivery units. Reporting of pregnancy complications 
including mild pre-eclampsia has improved over time.15 The 
MBRN is routinely matched with the National Population 
Register and receives all national identification numbers 
through this linkage. Given that the registry has registered 
pregnancies for more than 50 years, this enabled us to study 
pregnancies to women who were themselves registered in the 
MBRN.

2.2  |  Study population

To evaluate inter-generational associations, we studied 
women born 1967–2005 and registered in the MBRN, whose 
own singleton pregnancies were registered in the MBRN 
during 1981–2020. This enabled us to stratify the women 
by plurality at birth (twin-born or singleton-born) and re-
trieve information on their own intrauterine exposure to 
pregnancy complications (pre-eclampsia and/or preterm 
delivery).

2.3  |  Exposure

The exposure variable was the plurality status (twin or sin-
gleton) of the women at their birth. We also explored pos-
sible modification by in utero exposure to pre-eclampsia or 
preterm delivery among twin-born versus singleton-born 
women. All exposures were obtained from the woman's 
birth record.

2.4  |  Outcome

The main outcomes of interest were the risks of pre-ec-
lampsia, preterm delivery or perinatal loss in any preg-
nancy of twin-born women compared with singleton-born 
women.

Pre-eclampsia was coded using the clinical definitions 
in place at the year of birth. The definition has been an in-
creased blood pressure to at least 140 systolic or 90 mmHg 
diastolic combined with proteinuria (protein excretion of 
≥0.3 g/24 hours or ≥1+ on dip-stick) after 20 weeks of ges-
tation, the criteria corresponding to the Norwegian Society 
of Gynaecology and Obstetrics.16 Preterm delivery was de-
fined as pregnancies <37 completed weeks of gestations. 
Perinatal losses included miscarriages (16–21 weeks), still-
births (≥22 weeks) and early neonatal deaths during the first 
week after delivery.

2.5  |  Covariates

Estimates were adjusted for the decade of the twin-born or 
singleton-born women's birth (categorised as 1967–1969, 
1970–1979, 1980–1989, 1990–1999 and 2000–2005) and the 
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1 | INTRODUCTION

Infants born preterm or in pregnancies with pre-eclampsia 
are disproportionately more likely to have long-term signif-
icant sequelae than are infants born without these adverse 
pregnancy complications.1–3 There is accumulating evidence 
that exposure to complications in utero may influence later 
health.4,5 Pre-eclampsia is a pregnancy-specific condition 
characterised by elevated blood pressure and proteinuria.6 
Both preterm delivery and pre-eclampsia are associated 
with increased risk of later maternal health consequences;7,8 
however, the exact cause of these complications is not fully 
understood.

Studies have investigated the inter-generational im-
pact of adverse pregnancy outcomes, such as recurrence 
of pre-eclampsia or preterm delivery in daughters born 
preterm or those whose mothers had pre-eclampsia.9,10 
Twin gestations are associated with higher occurrence 
of adverse pregnancy outcomes such as pre-eclampsia, 
preterm delivery and perinatal loss.11–13 However, little is 
known about the inter-generational recurrence of adverse 
pregnancy outcomes in twin-born women compared with 
singleton-born women.

Using a national population-based registry containing in-
formation on women's own birth and their later pregnancies, 
the objective in this study was to compare the risk of adverse 
pregnancy outcomes between twin-born and singleton-born 
women. We also evaluated whether in utero exposure to 
pre-eclampsia or preterm delivery were associated with ad-
verse pregnancy outcomes in women's own pregnancies.

2 | METHODS

2.1 | Data source

This study used data from the nationwide population-based 
Medical Birth Registry of Norway (MBRN). Using unique 
national identification numbers, we linked birth record in-
formation of females born in 1967–2005 to the birth record 
information of their own offspring born in 1981–2020, pro-
viding information on pregnancies across two generations. 
Information on women's highest attained level of education 
by 2020 was obtained from the National Education Database 
at Statistics Norway.

The MBRN is based on mandatory notification of all live 
births, stillbirths and pregnancy losses from 16 weeks of ges-
tation. The registry includes prospectively collected data on 
women's health before and during pregnancy, the delivery 
and the immediate postpartum period, including demo-
graphics, complications and treatments during delivery as 
well as infant outcomes.14 The attending midwife and obste-
trician record data using a standardised notification form, 
either as free text or, since 1999, by predefined variables or 
check boxes in addition to free text. Since 2006, the registry 
has undertaken a gradual transition to electronic birth no-
tification (complete in 2014) and the notifications are now 

based on prespecified extractions from the medical records 
at the delivery units. Reporting of pregnancy complications 
including mild pre-eclampsia has improved over time.15 The 
MBRN is routinely matched with the National Population 
Register and receives all national identification numbers 
through this linkage. Given that the registry has registered 
pregnancies for more than 50 years, this enabled us to study 
pregnancies to women who were themselves registered in the 
MBRN.

2.2 | Study population

To evaluate inter-generational associations, we studied 
women born 1967–2005 and registered in the MBRN, whose 
own singleton pregnancies were registered in the MBRN 
during 1981–2020. This enabled us to stratify the women 
by plurality at birth (twin-born or singleton-born) and re-
trieve information on their own intrauterine exposure to 
pregnancy complications (pre-eclampsia and/or preterm 
delivery).

2.3 | Exposure

The exposure variable was the plurality status (twin or sin-
gleton) of the women at their birth. We also explored pos-
sible modification by in utero exposure to pre-eclampsia or 
preterm delivery among twin-born versus singleton-born 
women. All exposures were obtained from the woman's 
birth record.

2.4 | Outcome

The main outcomes of interest were the risks of pre-ec-
lampsia, preterm delivery or perinatal loss in any preg-
nancy of twin-born women compared with singleton-born 
women.

Pre-eclampsia was coded using the clinical definitions 
in place at the year of birth. The definition has been an in-
creased blood pressure to at least 140 systolic or 90 mmHg 
diastolic combined with proteinuria (protein excretion of 
≥0.3 g/24 hours or ≥1+ on dip-stick) after 20 weeks of ges-
tation, the criteria corresponding to the Norwegian Society 
of Gynaecology and Obstetrics.16 Preterm delivery was de-
fined as pregnancies <37 completed weeks of gestations. 
Perinatal losses included miscarriages (16–21 weeks), still-
births (≥22 weeks) and early neonatal deaths during the first 
week after delivery.

2.5 | Covariates

Estimates were adjusted for the decade of the twin-born or 
singleton-born women's birth (categorised as 1967–1969, 
1970–1979, 1980–1989, 1990–1999 and 2000–2005) and the 
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1 | INTRODUCTION

Infants born preterm or in pregnancies with pre-eclampsia 
are disproportionately more likely to have long-term signif-
icant sequelae than are infants born without these adverse 
pregnancy complications.1–3 There is accumulating evidence 
that exposure to complications in utero may influence later 
health.4,5 Pre-eclampsia is a pregnancy-specific condition 
characterised by elevated blood pressure and proteinuria.6 
Both preterm delivery and pre-eclampsia are associated 
with increased risk of later maternal health consequences;7,8 
however, the exact cause of these complications is not fully 
understood.

Studies have investigated the inter-generational im-
pact of adverse pregnancy outcomes, such as recurrence 
of pre-eclampsia or preterm delivery in daughters born 
preterm or those whose mothers had pre-eclampsia.9,10 
Twin gestations are associated with higher occurrence 
of adverse pregnancy outcomes such as pre-eclampsia, 
preterm delivery and perinatal loss.11–13 However, little is 
known about the inter-generational recurrence of adverse 
pregnancy outcomes in twin-born women compared with 
singleton-born women.

Using a national population-based registry containing in-
formation on women's own birth and their later pregnancies, 
the objective in this study was to compare the risk of adverse 
pregnancy outcomes between twin-born and singleton-born 
women. We also evaluated whether in utero exposure to 
pre-eclampsia or preterm delivery were associated with ad-
verse pregnancy outcomes in women's own pregnancies.

2 | METHODS

2.1 | Data source

This study used data from the nationwide population-based 
Medical Birth Registry of Norway (MBRN). Using unique 
national identification numbers, we linked birth record in-
formation of females born in 1967–2005 to the birth record 
information of their own offspring born in 1981–2020, pro-
viding information on pregnancies across two generations. 
Information on women's highest attained level of education 
by 2020 was obtained from the National Education Database 
at Statistics Norway.

The MBRN is based on mandatory notification of all live 
births, stillbirths and pregnancy losses from 16 weeks of ges-
tation. The registry includes prospectively collected data on 
women's health before and during pregnancy, the delivery 
and the immediate postpartum period, including demo-
graphics, complications and treatments during delivery as 
well as infant outcomes.14 The attending midwife and obste-
trician record data using a standardised notification form, 
either as free text or, since 1999, by predefined variables or 
check boxes in addition to free text. Since 2006, the registry 
has undertaken a gradual transition to electronic birth no-
tification (complete in 2014) and the notifications are now 

based on prespecified extractions from the medical records 
at the delivery units. Reporting of pregnancy complications 
including mild pre-eclampsia has improved over time.15 The 
MBRN is routinely matched with the National Population 
Register and receives all national identification numbers 
through this linkage. Given that the registry has registered 
pregnancies for more than 50 years, this enabled us to study 
pregnancies to women who were themselves registered in the 
MBRN.

2.2 | Study population

To evaluate inter-generational associations, we studied 
women born 1967–2005 and registered in the MBRN, whose 
own singleton pregnancies were registered in the MBRN 
during 1981–2020. This enabled us to stratify the women 
by plurality at birth (twin-born or singleton-born) and re-
trieve information on their own intrauterine exposure to 
pregnancy complications (pre-eclampsia and/or preterm 
delivery).

2.3 | Exposure

The exposure variable was the plurality status (twin or sin-
gleton) of the women at their birth. We also explored pos-
sible modification by in utero exposure to pre-eclampsia or 
preterm delivery among twin-born versus singleton-born 
women. All exposures were obtained from the woman's 
birth record.

2.4 | Outcome

The main outcomes of interest were the risks of pre-ec-
lampsia, preterm delivery or perinatal loss in any preg-
nancy of twin-born women compared with singleton-born 
women.

Pre-eclampsia was coded using the clinical definitions 
in place at the year of birth. The definition has been an in-
creased blood pressure to at least 140 systolic or 90 mmHg 
diastolic combined with proteinuria (protein excretion of 
≥0.3 g/24 hours or ≥1+ on dip-stick) after 20 weeks of ges-
tation, the criteria corresponding to the Norwegian Society 
of Gynaecology and Obstetrics.16 Preterm delivery was de-
fined as pregnancies <37 completed weeks of gestations. 
Perinatal losses included miscarriages (16–21 weeks), still-
births (≥22 weeks) and early neonatal deaths during the first 
week after delivery.

2.5 | Covariates

Estimates were adjusted for the decade of the twin-born or 
singleton-born women's birth (categorised as 1967–1969, 
1970–1979, 1980–1989, 1990–1999 and 2000–2005) and the 
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1  |   I N TRODUC TION

Infants born preterm or in pregnancies with pre-eclampsia 
are disproportionately more likely to have long-term signif-
icant sequelae than are infants born without these adverse 
pregnancy complications.1–3 There is accumulating evidence 
that exposure to complications in utero may influence later 
health.4,5 Pre-eclampsia is a pregnancy-specific condition 
characterised by elevated blood pressure and proteinuria.6 
Both preterm delivery and pre-eclampsia are associated 
with increased risk of later maternal health consequences;7,8 
however, the exact cause of these complications is not fully 
understood.

Studies have investigated the inter-generational im-
pact of adverse pregnancy outcomes, such as recurrence 
of pre-eclampsia or preterm delivery in daughters born 
preterm or those whose mothers had pre-eclampsia.9,10 
Twin gestations are associated with higher occurrence 
of adverse pregnancy outcomes such as pre-eclampsia, 
preterm delivery and perinatal loss.11–13 However, little is 
known about the inter-generational recurrence of adverse 
pregnancy outcomes in twin-born women compared with 
singleton-born women.

Using a national population-based registry containing in-
formation on women's own birth and their later pregnancies, 
the objective in this study was to compare the risk of adverse 
pregnancy outcomes between twin-born and singleton-born 
women. We also evaluated whether in utero exposure to 
pre-eclampsia or preterm delivery were associated with ad-
verse pregnancy outcomes in women's own pregnancies.

2  |   M ETHODS

2.1  |  Data source

This study used data from the nationwide population-based 
Medical Birth Registry of Norway (MBRN). Using unique 
national identification numbers, we linked birth record in-
formation of females born in 1967–2005 to the birth record 
information of their own offspring born in 1981–2020, pro-
viding information on pregnancies across two generations. 
Information on women's highest attained level of education 
by 2020 was obtained from the National Education Database 
at Statistics Norway.

The MBRN is based on mandatory notification of all live 
births, stillbirths and pregnancy losses from 16 weeks of ges-
tation. The registry includes prospectively collected data on 
women's health before and during pregnancy, the delivery 
and the immediate postpartum period, including demo-
graphics, complications and treatments during delivery as 
well as infant outcomes.14 The attending midwife and obste-
trician record data using a standardised notification form, 
either as free text or, since 1999, by predefined variables or 
check boxes in addition to free text. Since 2006, the registry 
has undertaken a gradual transition to electronic birth no-
tification (complete in 2014) and the notifications are now 

based on prespecified extractions from the medical records 
at the delivery units. Reporting of pregnancy complications 
including mild pre-eclampsia has improved over time.15 The 
MBRN is routinely matched with the National Population 
Register and receives all national identification numbers 
through this linkage. Given that the registry has registered 
pregnancies for more than 50 years, this enabled us to study 
pregnancies to women who were themselves registered in the 
MBRN.

2.2  |  Study population

To evaluate inter-generational associations, we studied 
women born 1967–2005 and registered in the MBRN, whose 
own singleton pregnancies were registered in the MBRN 
during 1981–2020. This enabled us to stratify the women 
by plurality at birth (twin-born or singleton-born) and re-
trieve information on their own intrauterine exposure to 
pregnancy complications (pre-eclampsia and/or preterm 
delivery).

2.3  |  Exposure

The exposure variable was the plurality status (twin or sin-
gleton) of the women at their birth. We also explored pos-
sible modification by in utero exposure to pre-eclampsia or 
preterm delivery among twin-born versus singleton-born 
women. All exposures were obtained from the woman's 
birth record.

2.4  |  Outcome

The main outcomes of interest were the risks of pre-ec-
lampsia, preterm delivery or perinatal loss in any preg-
nancy of twin-born women compared with singleton-born 
women.

Pre-eclampsia was coded using the clinical definitions 
in place at the year of birth. The definition has been an in-
creased blood pressure to at least 140 systolic or 90 mmHg 
diastolic combined with proteinuria (protein excretion of 
≥0.3 g/24 hours or ≥1+ on dip-stick) after 20 weeks of ges-
tation, the criteria corresponding to the Norwegian Society 
of Gynaecology and Obstetrics.16 Preterm delivery was de-
fined as pregnancies <37 completed weeks of gestations. 
Perinatal losses included miscarriages (16–21 weeks), still-
births (≥22 weeks) and early neonatal deaths during the first 
week after delivery.

2.5  |  Covariates

Estimates were adjusted for the decade of the twin-born or 
singleton-born women's birth (categorised as 1967–1969, 
1970–1979, 1980–1989, 1990–1999 and 2000–2005) and the 
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1  |   I N TRODUC TION

Infants born preterm or in pregnancies with pre-eclampsia 
are disproportionately more likely to have long-term signif-
icant sequelae than are infants born without these adverse 
pregnancy complications.1–3 There is accumulating evidence 
that exposure to complications in utero may influence later 
health.4,5 Pre-eclampsia is a pregnancy-specific condition 
characterised by elevated blood pressure and proteinuria.6 
Both preterm delivery and pre-eclampsia are associated 
with increased risk of later maternal health consequences;7,8 
however, the exact cause of these complications is not fully 
understood.

Studies have investigated the inter-generational im-
pact of adverse pregnancy outcomes, such as recurrence 
of pre-eclampsia or preterm delivery in daughters born 
preterm or those whose mothers had pre-eclampsia.9,10 
Twin gestations are associated with higher occurrence 
of adverse pregnancy outcomes such as pre-eclampsia, 
preterm delivery and perinatal loss.11–13 However, little is 
known about the inter-generational recurrence of adverse 
pregnancy outcomes in twin-born women compared with 
singleton-born women.

Using a national population-based registry containing in-
formation on women's own birth and their later pregnancies, 
the objective in this study was to compare the risk of adverse 
pregnancy outcomes between twin-born and singleton-born 
women. We also evaluated whether in utero exposure to 
pre-eclampsia or preterm delivery were associated with ad-
verse pregnancy outcomes in women's own pregnancies.

2  |   M ETHODS

2.1  |  Data source

This study used data from the nationwide population-based 
Medical Birth Registry of Norway (MBRN). Using unique 
national identification numbers, we linked birth record in-
formation of females born in 1967–2005 to the birth record 
information of their own offspring born in 1981–2020, pro-
viding information on pregnancies across two generations. 
Information on women's highest attained level of education 
by 2020 was obtained from the National Education Database 
at Statistics Norway.

The MBRN is based on mandatory notification of all live 
births, stillbirths and pregnancy losses from 16 weeks of ges-
tation. The registry includes prospectively collected data on 
women's health before and during pregnancy, the delivery 
and the immediate postpartum period, including demo-
graphics, complications and treatments during delivery as 
well as infant outcomes.14 The attending midwife and obste-
trician record data using a standardised notification form, 
either as free text or, since 1999, by predefined variables or 
check boxes in addition to free text. Since 2006, the registry 
has undertaken a gradual transition to electronic birth no-
tification (complete in 2014) and the notifications are now 

based on prespecified extractions from the medical records 
at the delivery units. Reporting of pregnancy complications 
including mild pre-eclampsia has improved over time.15 The 
MBRN is routinely matched with the National Population 
Register and receives all national identification numbers 
through this linkage. Given that the registry has registered 
pregnancies for more than 50 years, this enabled us to study 
pregnancies to women who were themselves registered in the 
MBRN.

2.2  |  Study population

To evaluate inter-generational associations, we studied 
women born 1967–2005 and registered in the MBRN, whose 
own singleton pregnancies were registered in the MBRN 
during 1981–2020. This enabled us to stratify the women 
by plurality at birth (twin-born or singleton-born) and re-
trieve information on their own intrauterine exposure to 
pregnancy complications (pre-eclampsia and/or preterm 
delivery).

2.3  |  Exposure

The exposure variable was the plurality status (twin or sin-
gleton) of the women at their birth. We also explored pos-
sible modification by in utero exposure to pre-eclampsia or 
preterm delivery among twin-born versus singleton-born 
women. All exposures were obtained from the woman's 
birth record.

2.4  |  Outcome

The main outcomes of interest were the risks of pre-ec-
lampsia, preterm delivery or perinatal loss in any preg-
nancy of twin-born women compared with singleton-born 
women.

Pre-eclampsia was coded using the clinical definitions 
in place at the year of birth. The definition has been an in-
creased blood pressure to at least 140 systolic or 90 mmHg 
diastolic combined with proteinuria (protein excretion of 
≥0.3 g/24 hours or ≥1+ on dip-stick) after 20 weeks of ges-
tation, the criteria corresponding to the Norwegian Society 
of Gynaecology and Obstetrics.16 Preterm delivery was de-
fined as pregnancies <37 completed weeks of gestations. 
Perinatal losses included miscarriages (16–21 weeks), still-
births (≥22 weeks) and early neonatal deaths during the first 
week after delivery.

2.5  |  Covariates

Estimates were adjusted for the decade of the twin-born or 
singleton-born women's birth (categorised as 1967–1969, 
1970–1979, 1980–1989, 1990–1999 and 2000–2005) and the 
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1 | INTRODUCTION

Infants born preterm or in pregnancies with pre-eclampsia 
are disproportionately more likely to have long-term signif-
icant sequelae than are infants born without these adverse 
pregnancy complications.1–3 There is accumulating evidence 
that exposure to complications in utero may influence later 
health.4,5 Pre-eclampsia is a pregnancy-specific condition 
characterised by elevated blood pressure and proteinuria.6 
Both preterm delivery and pre-eclampsia are associated 
with increased risk of later maternal health consequences;7,8 
however, the exact cause of these complications is not fully 
understood.

Studies have investigated the inter-generational im-
pact of adverse pregnancy outcomes, such as recurrence 
of pre-eclampsia or preterm delivery in daughters born 
preterm or those whose mothers had pre-eclampsia.9,10 
Twin gestations are associated with higher occurrence 
of adverse pregnancy outcomes such as pre-eclampsia, 
preterm delivery and perinatal loss.11–13 However, little is 
known about the inter-generational recurrence of adverse 
pregnancy outcomes in twin-born women compared with 
singleton-born women.

Using a national population-based registry containing in-
formation on women's own birth and their later pregnancies, 
the objective in this study was to compare the risk of adverse 
pregnancy outcomes between twin-born and singleton-born 
women. We also evaluated whether in utero exposure to 
pre-eclampsia or preterm delivery were associated with ad-
verse pregnancy outcomes in women's own pregnancies.

2 | METHODS

2.1 | Data source

This study used data from the nationwide population-based 
Medical Birth Registry of Norway (MBRN). Using unique 
national identification numbers, we linked birth record in-
formation of females born in 1967–2005 to the birth record 
information of their own offspring born in 1981–2020, pro-
viding information on pregnancies across two generations. 
Information on women's highest attained level of education 
by 2020 was obtained from the National Education Database 
at Statistics Norway.

The MBRN is based on mandatory notification of all live 
births, stillbirths and pregnancy losses from 16 weeks of ges-
tation. The registry includes prospectively collected data on 
women's health before and during pregnancy, the delivery 
and the immediate postpartum period, including demo-
graphics, complications and treatments during delivery as 
well as infant outcomes.14 The attending midwife and obste-
trician record data using a standardised notification form, 
either as free text or, since 1999, by predefined variables or 
check boxes in addition to free text. Since 2006, the registry 
has undertaken a gradual transition to electronic birth no-
tification (complete in 2014) and the notifications are now 

based on prespecified extractions from the medical records 
at the delivery units. Reporting of pregnancy complications 
including mild pre-eclampsia has improved over time.15 The 
MBRN is routinely matched with the National Population 
Register and receives all national identification numbers 
through this linkage. Given that the registry has registered 
pregnancies for more than 50 years, this enabled us to study 
pregnancies to women who were themselves registered in the 
MBRN.

2.2 | Study population

To evaluate inter-generational associations, we studied 
women born 1967–2005 and registered in the MBRN, whose 
own singleton pregnancies were registered in the MBRN 
during 1981–2020. This enabled us to stratify the women 
by plurality at birth (twin-born or singleton-born) and re-
trieve information on their own intrauterine exposure to 
pregnancy complications (pre-eclampsia and/or preterm 
delivery).

2.3 | Exposure

The exposure variable was the plurality status (twin or sin-
gleton) of the women at their birth. We also explored pos-
sible modification by in utero exposure to pre-eclampsia or 
preterm delivery among twin-born versus singleton-born 
women. All exposures were obtained from the woman's 
birth record.

2.4 | Outcome

The main outcomes of interest were the risks of pre-ec-
lampsia, preterm delivery or perinatal loss in any preg-
nancy of twin-born women compared with singleton-born 
women.

Pre-eclampsia was coded using the clinical definitions 
in place at the year of birth. The definition has been an in-
creased blood pressure to at least 140 systolic or 90 mmHg 
diastolic combined with proteinuria (protein excretion of 
≥0.3 g/24 hours or ≥1+ on dip-stick) after 20 weeks of ges-
tation, the criteria corresponding to the Norwegian Society 
of Gynaecology and Obstetrics.16 Preterm delivery was de-
fined as pregnancies <37 completed weeks of gestations. 
Perinatal losses included miscarriages (16–21 weeks), still-
births (≥22 weeks) and early neonatal deaths during the first 
week after delivery.

2.5 | Covariates

Estimates were adjusted for the decade of the twin-born or 
singleton-born women's birth (categorised as 1967–1969, 
1970–1979, 1980–1989, 1990–1999 and 2000–2005) and the 
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1 | INTRODUCTION

Infants born preterm or in pregnancies with pre-eclampsia 
are disproportionately more likely to have long-term signif-
icant sequelae than are infants born without these adverse 
pregnancy complications.1–3 There is accumulating evidence 
that exposure to complications in utero may influence later 
health.4,5 Pre-eclampsia is a pregnancy-specific condition 
characterised by elevated blood pressure and proteinuria.6 
Both preterm delivery and pre-eclampsia are associated 
with increased risk of later maternal health consequences;7,8 
however, the exact cause of these complications is not fully 
understood.

Studies have investigated the inter-generational im-
pact of adverse pregnancy outcomes, such as recurrence 
of pre-eclampsia or preterm delivery in daughters born 
preterm or those whose mothers had pre-eclampsia.9,10 
Twin gestations are associated with higher occurrence 
of adverse pregnancy outcomes such as pre-eclampsia, 
preterm delivery and perinatal loss.11–13 However, little is 
known about the inter-generational recurrence of adverse 
pregnancy outcomes in twin-born women compared with 
singleton-born women.

Using a national population-based registry containing in-
formation on women's own birth and their later pregnancies, 
the objective in this study was to compare the risk of adverse 
pregnancy outcomes between twin-born and singleton-born 
women. We also evaluated whether in utero exposure to 
pre-eclampsia or preterm delivery were associated with ad-
verse pregnancy outcomes in women's own pregnancies.

2 | METHODS

2.1 | Data source

This study used data from the nationwide population-based 
Medical Birth Registry of Norway (MBRN). Using unique 
national identification numbers, we linked birth record in-
formation of females born in 1967–2005 to the birth record 
information of their own offspring born in 1981–2020, pro-
viding information on pregnancies across two generations. 
Information on women's highest attained level of education 
by 2020 was obtained from the National Education Database 
at Statistics Norway.

The MBRN is based on mandatory notification of all live 
births, stillbirths and pregnancy losses from 16 weeks of ges-
tation. The registry includes prospectively collected data on 
women's health before and during pregnancy, the delivery 
and the immediate postpartum period, including demo-
graphics, complications and treatments during delivery as 
well as infant outcomes.14 The attending midwife and obste-
trician record data using a standardised notification form, 
either as free text or, since 1999, by predefined variables or 
check boxes in addition to free text. Since 2006, the registry 
has undertaken a gradual transition to electronic birth no-
tification (complete in 2014) and the notifications are now 

based on prespecified extractions from the medical records 
at the delivery units. Reporting of pregnancy complications 
including mild pre-eclampsia has improved over time.15 The 
MBRN is routinely matched with the National Population 
Register and receives all national identification numbers 
through this linkage. Given that the registry has registered 
pregnancies for more than 50 years, this enabled us to study 
pregnancies to women who were themselves registered in the 
MBRN.

2.2 | Study population

To evaluate inter-generational associations, we studied 
women born 1967–2005 and registered in the MBRN, whose 
own singleton pregnancies were registered in the MBRN 
during 1981–2020. This enabled us to stratify the women 
by plurality at birth (twin-born or singleton-born) and re-
trieve information on their own intrauterine exposure to 
pregnancy complications (pre-eclampsia and/or preterm 
delivery).

2.3 | Exposure

The exposure variable was the plurality status (twin or sin-
gleton) of the women at their birth. We also explored pos-
sible modification by in utero exposure to pre-eclampsia or 
preterm delivery among twin-born versus singleton-born 
women. All exposures were obtained from the woman's 
birth record.

2.4 | Outcome

The main outcomes of interest were the risks of pre-ec-
lampsia, preterm delivery or perinatal loss in any preg-
nancy of twin-born women compared with singleton-born 
women.

Pre-eclampsia was coded using the clinical definitions 
in place at the year of birth. The definition has been an in-
creased blood pressure to at least 140 systolic or 90 mmHg 
diastolic combined with proteinuria (protein excretion of 
≥0.3 g/24 hours or ≥1+ on dip-stick) after 20 weeks of ges-
tation, the criteria corresponding to the Norwegian Society 
of Gynaecology and Obstetrics.16 Preterm delivery was de-
fined as pregnancies <37 completed weeks of gestations. 
Perinatal losses included miscarriages (16–21 weeks), still-
births (≥22 weeks) and early neonatal deaths during the first 
week after delivery.

2.5 | Covariates

Estimates were adjusted for the decade of the twin-born or 
singleton-born women's birth (categorised as 1967–1969, 
1970–1979, 1980–1989, 1990–1999 and 2000–2005) and the 
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1 | INTRODUCTION

Infants born preterm or in pregnancies with pre-eclampsia 
are disproportionately more likely to have long-term signif-
icant sequelae than are infants born without these adverse 
pregnancy complications.1–3 There is accumulating evidence 
that exposure to complications in utero may influence later 
health.4,5 Pre-eclampsia is a pregnancy-specific condition 
characterised by elevated blood pressure and proteinuria.6 
Both preterm delivery and pre-eclampsia are associated 
with increased risk of later maternal health consequences;7,8 
however, the exact cause of these complications is not fully 
understood.

Studies have investigated the inter-generational im-
pact of adverse pregnancy outcomes, such as recurrence 
of pre-eclampsia or preterm delivery in daughters born 
preterm or those whose mothers had pre-eclampsia.9,10 
Twin gestations are associated with higher occurrence 
of adverse pregnancy outcomes such as pre-eclampsia, 
preterm delivery and perinatal loss.11–13 However, little is 
known about the inter-generational recurrence of adverse 
pregnancy outcomes in twin-born women compared with 
singleton-born women.

Using a national population-based registry containing in-
formation on women's own birth and their later pregnancies, 
the objective in this study was to compare the risk of adverse 
pregnancy outcomes between twin-born and singleton-born 
women. We also evaluated whether in utero exposure to 
pre-eclampsia or preterm delivery were associated with ad-
verse pregnancy outcomes in women's own pregnancies.

2 | METHODS

2.1 | Data source

This study used data from the nationwide population-based 
Medical Birth Registry of Norway (MBRN). Using unique 
national identification numbers, we linked birth record in-
formation of females born in 1967–2005 to the birth record 
information of their own offspring born in 1981–2020, pro-
viding information on pregnancies across two generations. 
Information on women's highest attained level of education 
by 2020 was obtained from the National Education Database 
at Statistics Norway.

The MBRN is based on mandatory notification of all live 
births, stillbirths and pregnancy losses from 16 weeks of ges-
tation. The registry includes prospectively collected data on 
women's health before and during pregnancy, the delivery 
and the immediate postpartum period, including demo-
graphics, complications and treatments during delivery as 
well as infant outcomes.14 The attending midwife and obste-
trician record data using a standardised notification form, 
either as free text or, since 1999, by predefined variables or 
check boxes in addition to free text. Since 2006, the registry 
has undertaken a gradual transition to electronic birth no-
tification (complete in 2014) and the notifications are now 

based on prespecified extractions from the medical records 
at the delivery units. Reporting of pregnancy complications 
including mild pre-eclampsia has improved over time.15 The 
MBRN is routinely matched with the National Population 
Register and receives all national identification numbers 
through this linkage. Given that the registry has registered 
pregnancies for more than 50 years, this enabled us to study 
pregnancies to women who were themselves registered in the 
MBRN.

2.2 | Study population

To evaluate inter-generational associations, we studied 
women born 1967–2005 and registered in the MBRN, whose 
own singleton pregnancies were registered in the MBRN 
during 1981–2020. This enabled us to stratify the women 
by plurality at birth (twin-born or singleton-born) and re-
trieve information on their own intrauterine exposure to 
pregnancy complications (pre-eclampsia and/or preterm 
delivery).

2.3 | Exposure

The exposure variable was the plurality status (twin or sin-
gleton) of the women at their birth. We also explored pos-
sible modification by in utero exposure to pre-eclampsia or 
preterm delivery among twin-born versus singleton-born 
women. All exposures were obtained from the woman's 
birth record.

2.4 | Outcome

The main outcomes of interest were the risks of pre-ec-
lampsia, preterm delivery or perinatal loss in any preg-
nancy of twin-born women compared with singleton-born 
women.

Pre-eclampsia was coded using the clinical definitions 
in place at the year of birth. The definition has been an in-
creased blood pressure to at least 140 systolic or 90 mmHg 
diastolic combined with proteinuria (protein excretion of 
≥0.3 g/24 hours or ≥1+ on dip-stick) after 20 weeks of ges-
tation, the criteria corresponding to the Norwegian Society 
of Gynaecology and Obstetrics.16 Preterm delivery was de-
fined as pregnancies <37 completed weeks of gestations. 
Perinatal losses included miscarriages (16–21 weeks), still-
births (≥22 weeks) and early neonatal deaths during the first 
week after delivery.

2.5 | Covariates

Estimates were adjusted for the decade of the twin-born or 
singleton-born women's birth (categorised as 1967–1969, 
1970–1979, 1980–1989, 1990–1999 and 2000–2005) and the 

 1
47

10
52

8,
 0

, D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//o

bg
yn

.o
nl

in
el

ib
ra

ry
.w

ile
y.

co
m

/d
oi

/1
0.

11
11

/1
47

1-
05

28
.1

76
90

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

B
E

R
G

E
N

, W
ile

y 
O

nl
in

e 
L

ib
ra

ry
 o

n 
[1

3/
11

/2
02

3]
. S

ee
 th

e 
T

er
m

s 
an

d 
C

on
di

tio
ns

 (
ht

tp
s:

//o
nl

in
el

ib
ra

ry
.w

ile
y.

co
m

/te
rm

s-
an

d-
co

nd
iti

on
s)

 o
n 

W
ile

y 
O

nl
in

e 
L

ib
ra

ry
 f

or
 r

ul
es

 o
f 

us
e;

 O
A

 a
rt

ic
le

s 
ar

e 
go

ve
rn

ed
 b

y 
th

e 
ap

pl
ic

ab
le

 C
re

at
iv

e 
C

om
m

on
s 

L
ic

en
se

2 |   BASNET et al.

1 | INTRODUCTION

Infants born preterm or in pregnancies with pre-eclampsia 
are disproportionately more likely to have long-term signif-
icant sequelae than are infants born without these adverse 
pregnancy complications.1–3 There is accumulating evidence 
that exposure to complications in utero may influence later 
health.4,5 Pre-eclampsia is a pregnancy-specific condition 
characterised by elevated blood pressure and proteinuria.6 
Both preterm delivery and pre-eclampsia are associated 
with increased risk of later maternal health consequences;7,8 
however, the exact cause of these complications is not fully 
understood.

Studies have investigated the inter-generational im-
pact of adverse pregnancy outcomes, such as recurrence 
of pre-eclampsia or preterm delivery in daughters born 
preterm or those whose mothers had pre-eclampsia.9,10 
Twin gestations are associated with higher occurrence 
of adverse pregnancy outcomes such as pre-eclampsia, 
preterm delivery and perinatal loss.11–13 However, little is 
known about the inter-generational recurrence of adverse 
pregnancy outcomes in twin-born women compared with 
singleton-born women.

Using a national population-based registry containing in-
formation on women's own birth and their later pregnancies, 
the objective in this study was to compare the risk of adverse 
pregnancy outcomes between twin-born and singleton-born 
women. We also evaluated whether in utero exposure to 
pre-eclampsia or preterm delivery were associated with ad-
verse pregnancy outcomes in women's own pregnancies.

2 | METHODS

2.1 | Data source

This study used data from the nationwide population-based 
Medical Birth Registry of Norway (MBRN). Using unique 
national identification numbers, we linked birth record in-
formation of females born in 1967–2005 to the birth record 
information of their own offspring born in 1981–2020, pro-
viding information on pregnancies across two generations. 
Information on women's highest attained level of education 
by 2020 was obtained from the National Education Database 
at Statistics Norway.

The MBRN is based on mandatory notification of all live 
births, stillbirths and pregnancy losses from 16 weeks of ges-
tation. The registry includes prospectively collected data on 
women's health before and during pregnancy, the delivery 
and the immediate postpartum period, including demo-
graphics, complications and treatments during delivery as 
well as infant outcomes.14 The attending midwife and obste-
trician record data using a standardised notification form, 
either as free text or, since 1999, by predefined variables or 
check boxes in addition to free text. Since 2006, the registry 
has undertaken a gradual transition to electronic birth no-
tification (complete in 2014) and the notifications are now 

based on prespecified extractions from the medical records 
at the delivery units. Reporting of pregnancy complications 
including mild pre-eclampsia has improved over time.15 The 
MBRN is routinely matched with the National Population 
Register and receives all national identification numbers 
through this linkage. Given that the registry has registered 
pregnancies for more than 50 years, this enabled us to study 
pregnancies to women who were themselves registered in the 
MBRN.

2.2 | Study population

To evaluate inter-generational associations, we studied 
women born 1967–2005 and registered in the MBRN, whose 
own singleton pregnancies were registered in the MBRN 
during 1981–2020. This enabled us to stratify the women 
by plurality at birth (twin-born or singleton-born) and re-
trieve information on their own intrauterine exposure to 
pregnancy complications (pre-eclampsia and/or preterm 
delivery).

2.3 | Exposure

The exposure variable was the plurality status (twin or sin-
gleton) of the women at their birth. We also explored pos-
sible modification by in utero exposure to pre-eclampsia or 
preterm delivery among twin-born versus singleton-born 
women. All exposures were obtained from the woman's 
birth record.

2.4 | Outcome

The main outcomes of interest were the risks of pre-ec-
lampsia, preterm delivery or perinatal loss in any preg-
nancy of twin-born women compared with singleton-born 
women.

Pre-eclampsia was coded using the clinical definitions 
in place at the year of birth. The definition has been an in-
creased blood pressure to at least 140 systolic or 90 mmHg 
diastolic combined with proteinuria (protein excretion of 
≥0.3 g/24 hours or ≥1+ on dip-stick) after 20 weeks of ges-
tation, the criteria corresponding to the Norwegian Society 
of Gynaecology and Obstetrics.16 Preterm delivery was de-
fined as pregnancies <37 completed weeks of gestations. 
Perinatal losses included miscarriages (16–21 weeks), still-
births (≥22 weeks) and early neonatal deaths during the first 
week after delivery.

2.5 | Covariates

Estimates were adjusted for the decade of the twin-born or 
singleton-born women's birth (categorised as 1967–1969, 
1970–1979, 1980–1989, 1990–1999 and 2000–2005) and the 
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      |  3
RISK OF ADVERSE PREGNANCY OUTCOMES IN TWIN- AND SINGLETON-BORN WOMEN: AN INTER-
GENERATIONAL COHORT STUDY

women's mother's educational attainment through 2020 (cat-
egorised as <11, 11–13 and ≥14 years). In a sensitivity analysis, 
we also accounted for women's total number of pregnancies 
categorised as 1, 2, 3+ registered in the MBRN through 2020, 
and their own educational attainment through 2020 (catego-
rised as <11, 11–13 and ≥14 years).

2.6  |  Exclusion and inclusion

We excluded women born in higher order pregnancies (>2 fe-
tuses) and women who only had second or later pregnancies 
registered in the MBRN (such as first births outside Norway). 
We only included singleton pregnancies to twin-born and sin-
gleton-born women for a homogeneous comparison.

2.7  |  Statistical analysis

We used generalised linear models with log link binomial 
distribution to estimate relative risks (RRs) with 95% con-
fidence intervals (CIs) for associations between twin-born 
women and later adverse pregnancy outcomes relative to 
singleton-born women. The estimates were adjusted for 
women's own decade of birth and their mother's educational 
attainment. We ran separate models for each outcome. 
Models accounted for correlations between siblings using 
clustered standard errors. We also ran stratified models 
based on in utero exposure to pre-eclampsia or preterm de-
livery with similar outcomes as the main analyses. We used 
Knol and VanderWeelee's recommended17 methods for pre-
senting RR for these strata. Further, we obtained E-values18 
for estimates with CIs that excluded the null to assess the 
suggested influence of unmeasured confounding. Statistical 
analyses were performed using STATA IC statistical soft-
ware (version 17.0).

2.8  |  Ethics approval

The study was approved in Norway by the Regional Ethics 
Committee REK VEST 13818 on 1 July 2020.

3  |   R E SU LTS

The study population consisted of 9184 twin-born and 
492 894 singleton-born women in 1967–2005, with their later 
births registered in the MBRN during 1981–2020 (Figure 1).

Table  1 shows the birth characteristics of twin-born and 
singleton-born women. About 40% of both twin-born women 
and singleton-born women were born during 1970s and 36–
40% of twin-born or singleton-born women had their first 
pregnancies after 2009. Twin-born women were older at their 
first birth, but there was no difference in educational attain-
ment for twin-born and singleton-born women. Almost 50% 
of both twin- and singleton-born women had two pregnancies. 

Twin-born women were more frequently exposed to in utero 
pre-eclampsia than were singleton-born women (8% versus 
2%) and were more often born preterm (29% versus 4%).

Table  2 shows the risk of pre-eclampsia, preterm deliv-
ery and perinatal loss in women's own pregnancies among 
twin-born versus singleton-born women. There was no in-
creased risk for adverse outcomes in twin-born women com-
pared with singleton-born women: adjusted RR (aRR) for 
pre-eclampsia 1.00 (95% CI 0.93–1.09), for preterm delivery 
0.96 (95% CI 0.90–1.02) and for perinatal loss 1.00 (95% CI 
0.84–1.18). Analyses were adjusted for twin-born and single-
ton-born women's own decade of birth, and their mother's 
educational attainment.

We further investigated whether the risk of adverse 
outcomes differed by in utero exposure to pre-eclampsia 
(Table 3). Compared with singleton-born women with no in 
utero exposure to pre-eclampsia, singleton-born women ex-
posed to pre-eclampsia had an increased risk of pre-eclamp-
sia (aRR 2.17, 95% CI 2.07–2.28) and preterm delivery (aRR 
1.23, 95% CI 1.17–1.30) in their own pregnancies. Twin-born 
women delivered from a non-pre-eclamptic pregnancy had no 
increased risk of any adverse pregnancy outcome compared 
with singleton-born women from non-pre-eclamptic preg-
nancies. Twin-born women exposed to pre-eclampsia in utero 
did have an increased risk of pre-eclampsia in their own preg-
nancies (aRR 1.57, 95% CI 1.26–1.97) compared with single-
ton-born women with no pre-eclampsia, but it was lower than 
that experienced by singletons exposed to pre-eclampsia (aRR 
0.73, 95% CI 0.58–0.91; Table 3). Twins born with in utero ex-
posure to pre-eclampsia had a possible decrease in the risk of 
perinatal loss in their own pregnancies compared with those 
singleton-born without pre-eclampsia (aRR 0.47, 95% CI 0.20-
1.14) and with pre-eclampsia (aRR 0.45, 95% CI 0.19-1.10), but 
the estimates were imprecise due to small numbers. Analyses 
were adjusted for covariates as in the main analyses.

We also investigated whether the risk of adverse out-
comes differed by preterm birth among twin-born versus 
singleton-born women (Table  4). Compared with single-
tons born term, singleton women born preterm had an in-
creased risk of pre-eclampsia (aRR 1.18, 95% CI 1.12–1.24), 
preterm delivery (aRR 1.35, 95% CI 1.30–1.40) and perinatal 
loss (aRR 1.15, 95% CI 1.03–1.28) in their own pregnancies. 
Women who were term twins had a slightly decreased risk of 
pre-eclampsia (aRR 0.90, 95% CI 0.82–1.00) and preterm de-
livery (aRR 0.91, 95% CI 0.84–0.99) in their own pregnancy 
compared with women who were term singletons, with no 
association with perinatal loss (aRR 0.94, 95% CI 0.76–1.17). 
Women born as a preterm twin had an increased risk of 
pre-eclampsia in their own pregnancies (aRR 1.26, 95% CI 
1.11–1.44) compared with women born as term singletons; 
however, this risk was not increased compared with singleton 
women born preterm (aRR 1.05, 95% CI 0.92–1.21). Preterm 
twin-born women had a slightly   increased risk of preterm 
delivery compared with term singleton-born women (aRR 
1.12, 95% CI 1.00-1.26); however, this risk was decreased 
(aRR 0.83, 95% CI 0.74-0.94) compared with singletons born 
preterm. Preterm twin-born women had no increased risk of 
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women's mother's educational attainment through 2020 (cat-
egorised as <11, 11–13 and ≥14 years). In a sensitivity analysis, 
we also accounted for women's total number of pregnancies 
categorised as 1, 2, 3+ registered in the MBRN through 2020, 
and their own educational attainment through 2020 (catego-
rised as <11, 11–13 and ≥14 years).

2.6 | Exclusion and inclusion

We excluded women born in higher order pregnancies (>2 fe-
tuses) and women who only had second or later pregnancies 
registered in the MBRN (such as first births outside Norway). 
We only included singleton pregnancies to twin-born and sin-
gleton-born women for a homogeneous comparison.

2.7 | Statistical analysis

We used generalised linear models with log link binomial 
distribution to estimate relative risks (RRs) with 95% con-
fidence intervals (CIs) for associations between twin-born 
women and later adverse pregnancy outcomes relative to 
singleton-born women. The estimates were adjusted for 
women's own decade of birth and their mother's educational 
attainment. We ran separate models for each outcome. 
Models accounted for correlations between siblings using 
clustered standard errors. We also ran stratified models 
based on in utero exposure to pre-eclampsia or preterm de-
livery with similar outcomes as the main analyses. We used 
Knol and VanderWeelee's recommended17 methods for pre-
senting RR for these strata. Further, we obtained E-values18 
for estimates with CIs that excluded the null to assess the 
suggested influence of unmeasured confounding. Statistical 
analyses were performed using STATA IC statistical soft-
ware (version 17.0).

2.8 | Ethics approval

The study was approved in Norway by the Regional Ethics 
Committee REK VEST 13818 on 1 July 2020.

3 | RESULTS

The study population consisted of 9184 twin-born and 
492 894 singleton-born women in 1967–2005, with their later 
births registered in the MBRN during 1981–2020 (Figure 1).

Table 1 shows the birth characteristics of twin-born and 
singleton-born women. About 40% of both twin-born women 
and singleton-born women were born during 1970s and 36–
40% of twin-born or singleton-born women had their first 
pregnancies after 2009. Twin-born women were older at their 
first birth, but there was no difference in educational attain-
ment for twin-born and singleton-born women. Almost 50% 
of both twin- and singleton-born women had two pregnancies. 

Twin-born women were more frequently exposed to in utero 
pre-eclampsia than were singleton-born women (8% versus 
2%) and were more often born preterm (29% versus 4%).

Table 2 shows the risk of pre-eclampsia, preterm deliv-
ery and perinatal loss in women's own pregnancies among 
twin-born versus singleton-born women. There was no in-
creased risk for adverse outcomes in twin-born women com-
pared with singleton-born women: adjusted RR (aRR) for 
pre-eclampsia 1.00 (95% CI 0.93–1.09), for preterm delivery 
0.96 (95% CI 0.90–1.02) and for perinatal loss 1.00 (95% CI 
0.84–1.18). Analyses were adjusted for twin-born and single-
ton-born women's own decade of birth, and their mother's 
educational attainment.

We further investigated whether the risk of adverse 
outcomes differed by in utero exposure to pre-eclampsia 
(Table 3). Compared with singleton-born women with no in 
utero exposure to pre-eclampsia, singleton-born women ex-
posed to pre-eclampsia had an increased risk of pre-eclamp-
sia (aRR 2.17, 95% CI 2.07–2.28) and preterm delivery (aRR 
1.23, 95% CI 1.17–1.30) in their own pregnancies. Twin-born 
women delivered from a non-pre-eclamptic pregnancy had no 
increased risk of any adverse pregnancy outcome compared 
with singleton-born women from non-pre-eclamptic preg-
nancies. Twin-born women exposed to pre-eclampsia in utero 
did have an increased risk of pre-eclampsia in their own preg-
nancies (aRR 1.57, 95% CI 1.26–1.97) compared with single-
ton-born women with no pre-eclampsia, but it was lower than 
that experienced by singletons exposed to pre-eclampsia (aRR 
0.73, 95% CI 0.58–0.91; Table 3). Twins born with in utero ex-
posure to pre-eclampsia had a possible decrease in the risk of 
perinatal loss in their own pregnancies compared with those 
singleton-born without pre-eclampsia (aRR 0.47, 95% CI 0.20-
1.14) and with pre-eclampsia (aRR 0.45, 95% CI 0.19-1.10), but 
the estimates were imprecise due to small numbers. Analyses 
were adjusted for covariates as in the main analyses.

We also investigated whether the risk of adverse out-
comes differed by preterm birth among twin-born versus 
singleton-born women (Table 4). Compared with single-
tons born term, singleton women born preterm had an in-
creased risk of pre-eclampsia (aRR 1.18, 95% CI 1.12–1.24), 
preterm delivery (aRR 1.35, 95% CI 1.30–1.40) and perinatal 
loss (aRR 1.15, 95% CI 1.03–1.28) in their own pregnancies. 
Women who were term twins had a slightly decreased risk of 
pre-eclampsia (aRR 0.90, 95% CI 0.82–1.00) and preterm de-
livery (aRR 0.91, 95% CI 0.84–0.99) in their own pregnancy 
compared with women who were term singletons, with no 
association with perinatal loss (aRR 0.94, 95% CI 0.76–1.17). 
Women born as a preterm twin had an increased risk of 
pre-eclampsia in their own pregnancies (aRR 1.26, 95% CI 
1.11–1.44) compared with women born as term singletons; 
however, this risk was not increased compared with singleton 
women born preterm (aRR 1.05, 95% CI 0.92–1.21). Preterm 
twin-born women had a slightly  increased risk of preterm 
delivery compared with term singleton-born women (aRR 
1.12, 95% CI 1.00-1.26); however, this risk was decreased 
(aRR 0.83, 95% CI 0.74-0.94) compared with singletons born 
preterm. Preterm twin-born women had no increased risk of 
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women's mother's educational attainment through 2020 (cat-
egorised as <11, 11–13 and ≥14 years). In a sensitivity analysis, 
we also accounted for women's total number of pregnancies 
categorised as 1, 2, 3+ registered in the MBRN through 2020, 
and their own educational attainment through 2020 (catego-
rised as <11, 11–13 and ≥14 years).

2.6 | Exclusion and inclusion

We excluded women born in higher order pregnancies (>2 fe-
tuses) and women who only had second or later pregnancies 
registered in the MBRN (such as first births outside Norway). 
We only included singleton pregnancies to twin-born and sin-
gleton-born women for a homogeneous comparison.

2.7 | Statistical analysis

We used generalised linear models with log link binomial 
distribution to estimate relative risks (RRs) with 95% con-
fidence intervals (CIs) for associations between twin-born 
women and later adverse pregnancy outcomes relative to 
singleton-born women. The estimates were adjusted for 
women's own decade of birth and their mother's educational 
attainment. We ran separate models for each outcome. 
Models accounted for correlations between siblings using 
clustered standard errors. We also ran stratified models 
based on in utero exposure to pre-eclampsia or preterm de-
livery with similar outcomes as the main analyses. We used 
Knol and VanderWeelee's recommended17 methods for pre-
senting RR for these strata. Further, we obtained E-values18 
for estimates with CIs that excluded the null to assess the 
suggested influence of unmeasured confounding. Statistical 
analyses were performed using STATA IC statistical soft-
ware (version 17.0).

2.8 | Ethics approval

The study was approved in Norway by the Regional Ethics 
Committee REK VEST 13818 on 1 July 2020.

3 | RESULTS

The study population consisted of 9184 twin-born and 
492 894 singleton-born women in 1967–2005, with their later 
births registered in the MBRN during 1981–2020 (Figure 1).

Table 1 shows the birth characteristics of twin-born and 
singleton-born women. About 40% of both twin-born women 
and singleton-born women were born during 1970s and 36–
40% of twin-born or singleton-born women had their first 
pregnancies after 2009. Twin-born women were older at their 
first birth, but there was no difference in educational attain-
ment for twin-born and singleton-born women. Almost 50% 
of both twin- and singleton-born women had two pregnancies. 

Twin-born women were more frequently exposed to in utero 
pre-eclampsia than were singleton-born women (8% versus 
2%) and were more often born preterm (29% versus 4%).

Table 2 shows the risk of pre-eclampsia, preterm deliv-
ery and perinatal loss in women's own pregnancies among 
twin-born versus singleton-born women. There was no in-
creased risk for adverse outcomes in twin-born women com-
pared with singleton-born women: adjusted RR (aRR) for 
pre-eclampsia 1.00 (95% CI 0.93–1.09), for preterm delivery 
0.96 (95% CI 0.90–1.02) and for perinatal loss 1.00 (95% CI 
0.84–1.18). Analyses were adjusted for twin-born and single-
ton-born women's own decade of birth, and their mother's 
educational attainment.

We further investigated whether the risk of adverse 
outcomes differed by in utero exposure to pre-eclampsia 
(Table 3). Compared with singleton-born women with no in 
utero exposure to pre-eclampsia, singleton-born women ex-
posed to pre-eclampsia had an increased risk of pre-eclamp-
sia (aRR 2.17, 95% CI 2.07–2.28) and preterm delivery (aRR 
1.23, 95% CI 1.17–1.30) in their own pregnancies. Twin-born 
women delivered from a non-pre-eclamptic pregnancy had no 
increased risk of any adverse pregnancy outcome compared 
with singleton-born women from non-pre-eclamptic preg-
nancies. Twin-born women exposed to pre-eclampsia in utero 
did have an increased risk of pre-eclampsia in their own preg-
nancies (aRR 1.57, 95% CI 1.26–1.97) compared with single-
ton-born women with no pre-eclampsia, but it was lower than 
that experienced by singletons exposed to pre-eclampsia (aRR 
0.73, 95% CI 0.58–0.91; Table 3). Twins born with in utero ex-
posure to pre-eclampsia had a possible decrease in the risk of 
perinatal loss in their own pregnancies compared with those 
singleton-born without pre-eclampsia (aRR 0.47, 95% CI 0.20-
1.14) and with pre-eclampsia (aRR 0.45, 95% CI 0.19-1.10), but 
the estimates were imprecise due to small numbers. Analyses 
were adjusted for covariates as in the main analyses.

We also investigated whether the risk of adverse out-
comes differed by preterm birth among twin-born versus 
singleton-born women (Table 4). Compared with single-
tons born term, singleton women born preterm had an in-
creased risk of pre-eclampsia (aRR 1.18, 95% CI 1.12–1.24), 
preterm delivery (aRR 1.35, 95% CI 1.30–1.40) and perinatal 
loss (aRR 1.15, 95% CI 1.03–1.28) in their own pregnancies. 
Women who were term twins had a slightly decreased risk of 
pre-eclampsia (aRR 0.90, 95% CI 0.82–1.00) and preterm de-
livery (aRR 0.91, 95% CI 0.84–0.99) in their own pregnancy 
compared with women who were term singletons, with no 
association with perinatal loss (aRR 0.94, 95% CI 0.76–1.17). 
Women born as a preterm twin had an increased risk of 
pre-eclampsia in their own pregnancies (aRR 1.26, 95% CI 
1.11–1.44) compared with women born as term singletons; 
however, this risk was not increased compared with singleton 
women born preterm (aRR 1.05, 95% CI 0.92–1.21). Preterm 
twin-born women had a slightly  increased risk of preterm 
delivery compared with term singleton-born women (aRR 
1.12, 95% CI 1.00-1.26); however, this risk was decreased 
(aRR 0.83, 95% CI 0.74-0.94) compared with singletons born 
preterm. Preterm twin-born women had no increased risk of 
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women's mother's educational attainment through 2020 (cat-
egorised as <11, 11–13 and ≥14 years). In a sensitivity analysis, 
we also accounted for women's total number of pregnancies 
categorised as 1, 2, 3+ registered in the MBRN through 2020, 
and their own educational attainment through 2020 (catego-
rised as <11, 11–13 and ≥14 years).

2.6  |  Exclusion and inclusion

We excluded women born in higher order pregnancies (>2 fe-
tuses) and women who only had second or later pregnancies 
registered in the MBRN (such as first births outside Norway). 
We only included singleton pregnancies to twin-born and sin-
gleton-born women for a homogeneous comparison.

2.7  |  Statistical analysis

We used generalised linear models with log link binomial 
distribution to estimate relative risks (RRs) with 95% con-
fidence intervals (CIs) for associations between twin-born 
women and later adverse pregnancy outcomes relative to 
singleton-born women. The estimates were adjusted for 
women's own decade of birth and their mother's educational 
attainment. We ran separate models for each outcome. 
Models accounted for correlations between siblings using 
clustered standard errors. We also ran stratified models 
based on in utero exposure to pre-eclampsia or preterm de-
livery with similar outcomes as the main analyses. We used 
Knol and VanderWeelee's recommended17 methods for pre-
senting RR for these strata. Further, we obtained E-values18 
for estimates with CIs that excluded the null to assess the 
suggested influence of unmeasured confounding. Statistical 
analyses were performed using STATA IC statistical soft-
ware (version 17.0).

2.8  |  Ethics approval

The study was approved in Norway by the Regional Ethics 
Committee REK VEST 13818 on 1 July 2020.

3  |   R E SU LTS

The study population consisted of 9184 twin-born and 
492 894 singleton-born women in 1967–2005, with their later 
births registered in the MBRN during 1981–2020 (Figure 1).

Table  1 shows the birth characteristics of twin-born and 
singleton-born women. About 40% of both twin-born women 
and singleton-born women were born during 1970s and 36–
40% of twin-born or singleton-born women had their first 
pregnancies after 2009. Twin-born women were older at their 
first birth, but there was no difference in educational attain-
ment for twin-born and singleton-born women. Almost 50% 
of both twin- and singleton-born women had two pregnancies. 

Twin-born women were more frequently exposed to in utero 
pre-eclampsia than were singleton-born women (8% versus 
2%) and were more often born preterm (29% versus 4%).

Table  2 shows the risk of pre-eclampsia, preterm deliv-
ery and perinatal loss in women's own pregnancies among 
twin-born versus singleton-born women. There was no in-
creased risk for adverse outcomes in twin-born women com-
pared with singleton-born women: adjusted RR (aRR) for 
pre-eclampsia 1.00 (95% CI 0.93–1.09), for preterm delivery 
0.96 (95% CI 0.90–1.02) and for perinatal loss 1.00 (95% CI 
0.84–1.18). Analyses were adjusted for twin-born and single-
ton-born women's own decade of birth, and their mother's 
educational attainment.

We further investigated whether the risk of adverse 
outcomes differed by in utero exposure to pre-eclampsia 
(Table 3). Compared with singleton-born women with no in 
utero exposure to pre-eclampsia, singleton-born women ex-
posed to pre-eclampsia had an increased risk of pre-eclamp-
sia (aRR 2.17, 95% CI 2.07–2.28) and preterm delivery (aRR 
1.23, 95% CI 1.17–1.30) in their own pregnancies. Twin-born 
women delivered from a non-pre-eclamptic pregnancy had no 
increased risk of any adverse pregnancy outcome compared 
with singleton-born women from non-pre-eclamptic preg-
nancies. Twin-born women exposed to pre-eclampsia in utero 
did have an increased risk of pre-eclampsia in their own preg-
nancies (aRR 1.57, 95% CI 1.26–1.97) compared with single-
ton-born women with no pre-eclampsia, but it was lower than 
that experienced by singletons exposed to pre-eclampsia (aRR 
0.73, 95% CI 0.58–0.91; Table 3). Twins born with in utero ex-
posure to pre-eclampsia had a possible decrease in the risk of 
perinatal loss in their own pregnancies compared with those 
singleton-born without pre-eclampsia (aRR 0.47, 95% CI 0.20-
1.14) and with pre-eclampsia (aRR 0.45, 95% CI 0.19-1.10), but 
the estimates were imprecise due to small numbers. Analyses 
were adjusted for covariates as in the main analyses.

We also investigated whether the risk of adverse out-
comes differed by preterm birth among twin-born versus 
singleton-born women (Table  4). Compared with single-
tons born term, singleton women born preterm had an in-
creased risk of pre-eclampsia (aRR 1.18, 95% CI 1.12–1.24), 
preterm delivery (aRR 1.35, 95% CI 1.30–1.40) and perinatal 
loss (aRR 1.15, 95% CI 1.03–1.28) in their own pregnancies. 
Women who were term twins had a slightly decreased risk of 
pre-eclampsia (aRR 0.90, 95% CI 0.82–1.00) and preterm de-
livery (aRR 0.91, 95% CI 0.84–0.99) in their own pregnancy 
compared with women who were term singletons, with no 
association with perinatal loss (aRR 0.94, 95% CI 0.76–1.17). 
Women born as a preterm twin had an increased risk of 
pre-eclampsia in their own pregnancies (aRR 1.26, 95% CI 
1.11–1.44) compared with women born as term singletons; 
however, this risk was not increased compared with singleton 
women born preterm (aRR 1.05, 95% CI 0.92–1.21). Preterm 
twin-born women had a slightly   increased risk of preterm 
delivery compared with term singleton-born women (aRR 
1.12, 95% CI 1.00-1.26); however, this risk was decreased 
(aRR 0.83, 95% CI 0.74-0.94) compared with singletons born 
preterm. Preterm twin-born women had no increased risk of 
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women's mother's educational attainment through 2020 (cat-
egorised as <11, 11–13 and ≥14 years). In a sensitivity analysis, 
we also accounted for women's total number of pregnancies 
categorised as 1, 2, 3+ registered in the MBRN through 2020, 
and their own educational attainment through 2020 (catego-
rised as <11, 11–13 and ≥14 years).

2.6  |  Exclusion and inclusion

We excluded women born in higher order pregnancies (>2 fe-
tuses) and women who only had second or later pregnancies 
registered in the MBRN (such as first births outside Norway). 
We only included singleton pregnancies to twin-born and sin-
gleton-born women for a homogeneous comparison.

2.7  |  Statistical analysis

We used generalised linear models with log link binomial 
distribution to estimate relative risks (RRs) with 95% con-
fidence intervals (CIs) for associations between twin-born 
women and later adverse pregnancy outcomes relative to 
singleton-born women. The estimates were adjusted for 
women's own decade of birth and their mother's educational 
attainment. We ran separate models for each outcome. 
Models accounted for correlations between siblings using 
clustered standard errors. We also ran stratified models 
based on in utero exposure to pre-eclampsia or preterm de-
livery with similar outcomes as the main analyses. We used 
Knol and VanderWeelee's recommended17 methods for pre-
senting RR for these strata. Further, we obtained E-values18 
for estimates with CIs that excluded the null to assess the 
suggested influence of unmeasured confounding. Statistical 
analyses were performed using STATA IC statistical soft-
ware (version 17.0).

2.8  |  Ethics approval

The study was approved in Norway by the Regional Ethics 
Committee REK VEST 13818 on 1 July 2020.

3  |   R E SU LTS

The study population consisted of 9184 twin-born and 
492 894 singleton-born women in 1967–2005, with their later 
births registered in the MBRN during 1981–2020 (Figure 1).

Table  1 shows the birth characteristics of twin-born and 
singleton-born women. About 40% of both twin-born women 
and singleton-born women were born during 1970s and 36–
40% of twin-born or singleton-born women had their first 
pregnancies after 2009. Twin-born women were older at their 
first birth, but there was no difference in educational attain-
ment for twin-born and singleton-born women. Almost 50% 
of both twin- and singleton-born women had two pregnancies. 

Twin-born women were more frequently exposed to in utero 
pre-eclampsia than were singleton-born women (8% versus 
2%) and were more often born preterm (29% versus 4%).

Table  2 shows the risk of pre-eclampsia, preterm deliv-
ery and perinatal loss in women's own pregnancies among 
twin-born versus singleton-born women. There was no in-
creased risk for adverse outcomes in twin-born women com-
pared with singleton-born women: adjusted RR (aRR) for 
pre-eclampsia 1.00 (95% CI 0.93–1.09), for preterm delivery 
0.96 (95% CI 0.90–1.02) and for perinatal loss 1.00 (95% CI 
0.84–1.18). Analyses were adjusted for twin-born and single-
ton-born women's own decade of birth, and their mother's 
educational attainment.

We further investigated whether the risk of adverse 
outcomes differed by in utero exposure to pre-eclampsia 
(Table 3). Compared with singleton-born women with no in 
utero exposure to pre-eclampsia, singleton-born women ex-
posed to pre-eclampsia had an increased risk of pre-eclamp-
sia (aRR 2.17, 95% CI 2.07–2.28) and preterm delivery (aRR 
1.23, 95% CI 1.17–1.30) in their own pregnancies. Twin-born 
women delivered from a non-pre-eclamptic pregnancy had no 
increased risk of any adverse pregnancy outcome compared 
with singleton-born women from non-pre-eclamptic preg-
nancies. Twin-born women exposed to pre-eclampsia in utero 
did have an increased risk of pre-eclampsia in their own preg-
nancies (aRR 1.57, 95% CI 1.26–1.97) compared with single-
ton-born women with no pre-eclampsia, but it was lower than 
that experienced by singletons exposed to pre-eclampsia (aRR 
0.73, 95% CI 0.58–0.91; Table 3). Twins born with in utero ex-
posure to pre-eclampsia had a possible decrease in the risk of 
perinatal loss in their own pregnancies compared with those 
singleton-born without pre-eclampsia (aRR 0.47, 95% CI 0.20-
1.14) and with pre-eclampsia (aRR 0.45, 95% CI 0.19-1.10), but 
the estimates were imprecise due to small numbers. Analyses 
were adjusted for covariates as in the main analyses.

We also investigated whether the risk of adverse out-
comes differed by preterm birth among twin-born versus 
singleton-born women (Table  4). Compared with single-
tons born term, singleton women born preterm had an in-
creased risk of pre-eclampsia (aRR 1.18, 95% CI 1.12–1.24), 
preterm delivery (aRR 1.35, 95% CI 1.30–1.40) and perinatal 
loss (aRR 1.15, 95% CI 1.03–1.28) in their own pregnancies. 
Women who were term twins had a slightly decreased risk of 
pre-eclampsia (aRR 0.90, 95% CI 0.82–1.00) and preterm de-
livery (aRR 0.91, 95% CI 0.84–0.99) in their own pregnancy 
compared with women who were term singletons, with no 
association with perinatal loss (aRR 0.94, 95% CI 0.76–1.17). 
Women born as a preterm twin had an increased risk of 
pre-eclampsia in their own pregnancies (aRR 1.26, 95% CI 
1.11–1.44) compared with women born as term singletons; 
however, this risk was not increased compared with singleton 
women born preterm (aRR 1.05, 95% CI 0.92–1.21). Preterm 
twin-born women had a slightly   increased risk of preterm 
delivery compared with term singleton-born women (aRR 
1.12, 95% CI 1.00-1.26); however, this risk was decreased 
(aRR 0.83, 95% CI 0.74-0.94) compared with singletons born 
preterm. Preterm twin-born women had no increased risk of 
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women's mother's educational attainment through 2020 (cat-
egorised as <11, 11–13 and ≥14 years). In a sensitivity analysis, 
we also accounted for women's total number of pregnancies 
categorised as 1, 2, 3+ registered in the MBRN through 2020, 
and their own educational attainment through 2020 (catego-
rised as <11, 11–13 and ≥14 years).

2.6 | Exclusion and inclusion

We excluded women born in higher order pregnancies (>2 fe-
tuses) and women who only had second or later pregnancies 
registered in the MBRN (such as first births outside Norway). 
We only included singleton pregnancies to twin-born and sin-
gleton-born women for a homogeneous comparison.

2.7 | Statistical analysis

We used generalised linear models with log link binomial 
distribution to estimate relative risks (RRs) with 95% con-
fidence intervals (CIs) for associations between twin-born 
women and later adverse pregnancy outcomes relative to 
singleton-born women. The estimates were adjusted for 
women's own decade of birth and their mother's educational 
attainment. We ran separate models for each outcome. 
Models accounted for correlations between siblings using 
clustered standard errors. We also ran stratified models 
based on in utero exposure to pre-eclampsia or preterm de-
livery with similar outcomes as the main analyses. We used 
Knol and VanderWeelee's recommended17 methods for pre-
senting RR for these strata. Further, we obtained E-values18 
for estimates with CIs that excluded the null to assess the 
suggested influence of unmeasured confounding. Statistical 
analyses were performed using STATA IC statistical soft-
ware (version 17.0).

2.8 | Ethics approval

The study was approved in Norway by the Regional Ethics 
Committee REK VEST 13818 on 1 July 2020.

3 | RESULTS

The study population consisted of 9184 twin-born and 
492 894 singleton-born women in 1967–2005, with their later 
births registered in the MBRN during 1981–2020 (Figure 1).

Table 1 shows the birth characteristics of twin-born and 
singleton-born women. About 40% of both twin-born women 
and singleton-born women were born during 1970s and 36–
40% of twin-born or singleton-born women had their first 
pregnancies after 2009. Twin-born women were older at their 
first birth, but there was no difference in educational attain-
ment for twin-born and singleton-born women. Almost 50% 
of both twin- and singleton-born women had two pregnancies. 

Twin-born women were more frequently exposed to in utero 
pre-eclampsia than were singleton-born women (8% versus 
2%) and were more often born preterm (29% versus 4%).

Table 2 shows the risk of pre-eclampsia, preterm deliv-
ery and perinatal loss in women's own pregnancies among 
twin-born versus singleton-born women. There was no in-
creased risk for adverse outcomes in twin-born women com-
pared with singleton-born women: adjusted RR (aRR) for 
pre-eclampsia 1.00 (95% CI 0.93–1.09), for preterm delivery 
0.96 (95% CI 0.90–1.02) and for perinatal loss 1.00 (95% CI 
0.84–1.18). Analyses were adjusted for twin-born and single-
ton-born women's own decade of birth, and their mother's 
educational attainment.

We further investigated whether the risk of adverse 
outcomes differed by in utero exposure to pre-eclampsia 
(Table 3). Compared with singleton-born women with no in 
utero exposure to pre-eclampsia, singleton-born women ex-
posed to pre-eclampsia had an increased risk of pre-eclamp-
sia (aRR 2.17, 95% CI 2.07–2.28) and preterm delivery (aRR 
1.23, 95% CI 1.17–1.30) in their own pregnancies. Twin-born 
women delivered from a non-pre-eclamptic pregnancy had no 
increased risk of any adverse pregnancy outcome compared 
with singleton-born women from non-pre-eclamptic preg-
nancies. Twin-born women exposed to pre-eclampsia in utero 
did have an increased risk of pre-eclampsia in their own preg-
nancies (aRR 1.57, 95% CI 1.26–1.97) compared with single-
ton-born women with no pre-eclampsia, but it was lower than 
that experienced by singletons exposed to pre-eclampsia (aRR 
0.73, 95% CI 0.58–0.91; Table 3). Twins born with in utero ex-
posure to pre-eclampsia had a possible decrease in the risk of 
perinatal loss in their own pregnancies compared with those 
singleton-born without pre-eclampsia (aRR 0.47, 95% CI 0.20-
1.14) and with pre-eclampsia (aRR 0.45, 95% CI 0.19-1.10), but 
the estimates were imprecise due to small numbers. Analyses 
were adjusted for covariates as in the main analyses.

We also investigated whether the risk of adverse out-
comes differed by preterm birth among twin-born versus 
singleton-born women (Table 4). Compared with single-
tons born term, singleton women born preterm had an in-
creased risk of pre-eclampsia (aRR 1.18, 95% CI 1.12–1.24), 
preterm delivery (aRR 1.35, 95% CI 1.30–1.40) and perinatal 
loss (aRR 1.15, 95% CI 1.03–1.28) in their own pregnancies. 
Women who were term twins had a slightly decreased risk of 
pre-eclampsia (aRR 0.90, 95% CI 0.82–1.00) and preterm de-
livery (aRR 0.91, 95% CI 0.84–0.99) in their own pregnancy 
compared with women who were term singletons, with no 
association with perinatal loss (aRR 0.94, 95% CI 0.76–1.17). 
Women born as a preterm twin had an increased risk of 
pre-eclampsia in their own pregnancies (aRR 1.26, 95% CI 
1.11–1.44) compared with women born as term singletons; 
however, this risk was not increased compared with singleton 
women born preterm (aRR 1.05, 95% CI 0.92–1.21). Preterm 
twin-born women had a slightly  increased risk of preterm 
delivery compared with term singleton-born women (aRR 
1.12, 95% CI 1.00-1.26); however, this risk was decreased 
(aRR 0.83, 95% CI 0.74-0.94) compared with singletons born 
preterm. Preterm twin-born women had no increased risk of 
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women's mother's educational attainment through 2020 (cat-
egorised as <11, 11–13 and ≥14 years). In a sensitivity analysis, 
we also accounted for women's total number of pregnancies 
categorised as 1, 2, 3+ registered in the MBRN through 2020, 
and their own educational attainment through 2020 (catego-
rised as <11, 11–13 and ≥14 years).

2.6 | Exclusion and inclusion

We excluded women born in higher order pregnancies (>2 fe-
tuses) and women who only had second or later pregnancies 
registered in the MBRN (such as first births outside Norway). 
We only included singleton pregnancies to twin-born and sin-
gleton-born women for a homogeneous comparison.

2.7 | Statistical analysis

We used generalised linear models with log link binomial 
distribution to estimate relative risks (RRs) with 95% con-
fidence intervals (CIs) for associations between twin-born 
women and later adverse pregnancy outcomes relative to 
singleton-born women. The estimates were adjusted for 
women's own decade of birth and their mother's educational 
attainment. We ran separate models for each outcome. 
Models accounted for correlations between siblings using 
clustered standard errors. We also ran stratified models 
based on in utero exposure to pre-eclampsia or preterm de-
livery with similar outcomes as the main analyses. We used 
Knol and VanderWeelee's recommended17 methods for pre-
senting RR for these strata. Further, we obtained E-values18 
for estimates with CIs that excluded the null to assess the 
suggested influence of unmeasured confounding. Statistical 
analyses were performed using STATA IC statistical soft-
ware (version 17.0).

2.8 | Ethics approval

The study was approved in Norway by the Regional Ethics 
Committee REK VEST 13818 on 1 July 2020.

3 | RESULTS

The study population consisted of 9184 twin-born and 
492 894 singleton-born women in 1967–2005, with their later 
births registered in the MBRN during 1981–2020 (Figure 1).

Table 1 shows the birth characteristics of twin-born and 
singleton-born women. About 40% of both twin-born women 
and singleton-born women were born during 1970s and 36–
40% of twin-born or singleton-born women had their first 
pregnancies after 2009. Twin-born women were older at their 
first birth, but there was no difference in educational attain-
ment for twin-born and singleton-born women. Almost 50% 
of both twin- and singleton-born women had two pregnancies. 

Twin-born women were more frequently exposed to in utero 
pre-eclampsia than were singleton-born women (8% versus 
2%) and were more often born preterm (29% versus 4%).

Table 2 shows the risk of pre-eclampsia, preterm deliv-
ery and perinatal loss in women's own pregnancies among 
twin-born versus singleton-born women. There was no in-
creased risk for adverse outcomes in twin-born women com-
pared with singleton-born women: adjusted RR (aRR) for 
pre-eclampsia 1.00 (95% CI 0.93–1.09), for preterm delivery 
0.96 (95% CI 0.90–1.02) and for perinatal loss 1.00 (95% CI 
0.84–1.18). Analyses were adjusted for twin-born and single-
ton-born women's own decade of birth, and their mother's 
educational attainment.

We further investigated whether the risk of adverse 
outcomes differed by in utero exposure to pre-eclampsia 
(Table 3). Compared with singleton-born women with no in 
utero exposure to pre-eclampsia, singleton-born women ex-
posed to pre-eclampsia had an increased risk of pre-eclamp-
sia (aRR 2.17, 95% CI 2.07–2.28) and preterm delivery (aRR 
1.23, 95% CI 1.17–1.30) in their own pregnancies. Twin-born 
women delivered from a non-pre-eclamptic pregnancy had no 
increased risk of any adverse pregnancy outcome compared 
with singleton-born women from non-pre-eclamptic preg-
nancies. Twin-born women exposed to pre-eclampsia in utero 
did have an increased risk of pre-eclampsia in their own preg-
nancies (aRR 1.57, 95% CI 1.26–1.97) compared with single-
ton-born women with no pre-eclampsia, but it was lower than 
that experienced by singletons exposed to pre-eclampsia (aRR 
0.73, 95% CI 0.58–0.91; Table 3). Twins born with in utero ex-
posure to pre-eclampsia had a possible decrease in the risk of 
perinatal loss in their own pregnancies compared with those 
singleton-born without pre-eclampsia (aRR 0.47, 95% CI 0.20-
1.14) and with pre-eclampsia (aRR 0.45, 95% CI 0.19-1.10), but 
the estimates were imprecise due to small numbers. Analyses 
were adjusted for covariates as in the main analyses.

We also investigated whether the risk of adverse out-
comes differed by preterm birth among twin-born versus 
singleton-born women (Table 4). Compared with single-
tons born term, singleton women born preterm had an in-
creased risk of pre-eclampsia (aRR 1.18, 95% CI 1.12–1.24), 
preterm delivery (aRR 1.35, 95% CI 1.30–1.40) and perinatal 
loss (aRR 1.15, 95% CI 1.03–1.28) in their own pregnancies. 
Women who were term twins had a slightly decreased risk of 
pre-eclampsia (aRR 0.90, 95% CI 0.82–1.00) and preterm de-
livery (aRR 0.91, 95% CI 0.84–0.99) in their own pregnancy 
compared with women who were term singletons, with no 
association with perinatal loss (aRR 0.94, 95% CI 0.76–1.17). 
Women born as a preterm twin had an increased risk of 
pre-eclampsia in their own pregnancies (aRR 1.26, 95% CI 
1.11–1.44) compared with women born as term singletons; 
however, this risk was not increased compared with singleton 
women born preterm (aRR 1.05, 95% CI 0.92–1.21). Preterm 
twin-born women had a slightly  increased risk of preterm 
delivery compared with term singleton-born women (aRR 
1.12, 95% CI 1.00-1.26); however, this risk was decreased 
(aRR 0.83, 95% CI 0.74-0.94) compared with singletons born 
preterm. Preterm twin-born women had no increased risk of 
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women's mother's educational attainment through 2020 (cat-
egorised as <11, 11–13 and ≥14 years). In a sensitivity analysis, 
we also accounted for women's total number of pregnancies 
categorised as 1, 2, 3+ registered in the MBRN through 2020, 
and their own educational attainment through 2020 (catego-
rised as <11, 11–13 and ≥14 years).

2.6 | Exclusion and inclusion

We excluded women born in higher order pregnancies (>2 fe-
tuses) and women who only had second or later pregnancies 
registered in the MBRN (such as first births outside Norway). 
We only included singleton pregnancies to twin-born and sin-
gleton-born women for a homogeneous comparison.

2.7 | Statistical analysis

We used generalised linear models with log link binomial 
distribution to estimate relative risks (RRs) with 95% con-
fidence intervals (CIs) for associations between twin-born 
women and later adverse pregnancy outcomes relative to 
singleton-born women. The estimates were adjusted for 
women's own decade of birth and their mother's educational 
attainment. We ran separate models for each outcome. 
Models accounted for correlations between siblings using 
clustered standard errors. We also ran stratified models 
based on in utero exposure to pre-eclampsia or preterm de-
livery with similar outcomes as the main analyses. We used 
Knol and VanderWeelee's recommended17 methods for pre-
senting RR for these strata. Further, we obtained E-values18 
for estimates with CIs that excluded the null to assess the 
suggested influence of unmeasured confounding. Statistical 
analyses were performed using STATA IC statistical soft-
ware (version 17.0).

2.8 | Ethics approval

The study was approved in Norway by the Regional Ethics 
Committee REK VEST 13818 on 1 July 2020.

3 | RESULTS

The study population consisted of 9184 twin-born and 
492 894 singleton-born women in 1967–2005, with their later 
births registered in the MBRN during 1981–2020 (Figure 1).

Table 1 shows the birth characteristics of twin-born and 
singleton-born women. About 40% of both twin-born women 
and singleton-born women were born during 1970s and 36–
40% of twin-born or singleton-born women had their first 
pregnancies after 2009. Twin-born women were older at their 
first birth, but there was no difference in educational attain-
ment for twin-born and singleton-born women. Almost 50% 
of both twin- and singleton-born women had two pregnancies. 

Twin-born women were more frequently exposed to in utero 
pre-eclampsia than were singleton-born women (8% versus 
2%) and were more often born preterm (29% versus 4%).

Table 2 shows the risk of pre-eclampsia, preterm deliv-
ery and perinatal loss in women's own pregnancies among 
twin-born versus singleton-born women. There was no in-
creased risk for adverse outcomes in twin-born women com-
pared with singleton-born women: adjusted RR (aRR) for 
pre-eclampsia 1.00 (95% CI 0.93–1.09), for preterm delivery 
0.96 (95% CI 0.90–1.02) and for perinatal loss 1.00 (95% CI 
0.84–1.18). Analyses were adjusted for twin-born and single-
ton-born women's own decade of birth, and their mother's 
educational attainment.

We further investigated whether the risk of adverse 
outcomes differed by in utero exposure to pre-eclampsia 
(Table 3). Compared with singleton-born women with no in 
utero exposure to pre-eclampsia, singleton-born women ex-
posed to pre-eclampsia had an increased risk of pre-eclamp-
sia (aRR 2.17, 95% CI 2.07–2.28) and preterm delivery (aRR 
1.23, 95% CI 1.17–1.30) in their own pregnancies. Twin-born 
women delivered from a non-pre-eclamptic pregnancy had no 
increased risk of any adverse pregnancy outcome compared 
with singleton-born women from non-pre-eclamptic preg-
nancies. Twin-born women exposed to pre-eclampsia in utero 
did have an increased risk of pre-eclampsia in their own preg-
nancies (aRR 1.57, 95% CI 1.26–1.97) compared with single-
ton-born women with no pre-eclampsia, but it was lower than 
that experienced by singletons exposed to pre-eclampsia (aRR 
0.73, 95% CI 0.58–0.91; Table 3). Twins born with in utero ex-
posure to pre-eclampsia had a possible decrease in the risk of 
perinatal loss in their own pregnancies compared with those 
singleton-born without pre-eclampsia (aRR 0.47, 95% CI 0.20-
1.14) and with pre-eclampsia (aRR 0.45, 95% CI 0.19-1.10), but 
the estimates were imprecise due to small numbers. Analyses 
were adjusted for covariates as in the main analyses.

We also investigated whether the risk of adverse out-
comes differed by preterm birth among twin-born versus 
singleton-born women (Table 4). Compared with single-
tons born term, singleton women born preterm had an in-
creased risk of pre-eclampsia (aRR 1.18, 95% CI 1.12–1.24), 
preterm delivery (aRR 1.35, 95% CI 1.30–1.40) and perinatal 
loss (aRR 1.15, 95% CI 1.03–1.28) in their own pregnancies. 
Women who were term twins had a slightly decreased risk of 
pre-eclampsia (aRR 0.90, 95% CI 0.82–1.00) and preterm de-
livery (aRR 0.91, 95% CI 0.84–0.99) in their own pregnancy 
compared with women who were term singletons, with no 
association with perinatal loss (aRR 0.94, 95% CI 0.76–1.17). 
Women born as a preterm twin had an increased risk of 
pre-eclampsia in their own pregnancies (aRR 1.26, 95% CI 
1.11–1.44) compared with women born as term singletons; 
however, this risk was not increased compared with singleton 
women born preterm (aRR 1.05, 95% CI 0.92–1.21). Preterm 
twin-born women had a slightly  increased risk of preterm 
delivery compared with term singleton-born women (aRR 
1.12, 95% CI 1.00-1.26); however, this risk was decreased 
(aRR 0.83, 95% CI 0.74-0.94) compared with singletons born 
preterm. Preterm twin-born women had no increased risk of 
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women's mother's educational attainment through 2020 (cat-
egorised as <11, 11–13 and ≥14 years). In a sensitivity analysis, 
we also accounted for women's total number of pregnancies 
categorised as 1, 2, 3+ registered in the MBRN through 2020, 
and their own educational attainment through 2020 (catego-
rised as <11, 11–13 and ≥14 years).

2.6 | Exclusion and inclusion

We excluded women born in higher order pregnancies (>2 fe-
tuses) and women who only had second or later pregnancies 
registered in the MBRN (such as first births outside Norway). 
We only included singleton pregnancies to twin-born and sin-
gleton-born women for a homogeneous comparison.

2.7 | Statistical analysis

We used generalised linear models with log link binomial 
distribution to estimate relative risks (RRs) with 95% con-
fidence intervals (CIs) for associations between twin-born 
women and later adverse pregnancy outcomes relative to 
singleton-born women. The estimates were adjusted for 
women's own decade of birth and their mother's educational 
attainment. We ran separate models for each outcome. 
Models accounted for correlations between siblings using 
clustered standard errors. We also ran stratified models 
based on in utero exposure to pre-eclampsia or preterm de-
livery with similar outcomes as the main analyses. We used 
Knol and VanderWeelee's recommended17 methods for pre-
senting RR for these strata. Further, we obtained E-values18 
for estimates with CIs that excluded the null to assess the 
suggested influence of unmeasured confounding. Statistical 
analyses were performed using STATA IC statistical soft-
ware (version 17.0).

2.8 | Ethics approval

The study was approved in Norway by the Regional Ethics 
Committee REK VEST 13818 on 1 July 2020.

3 | RESULTS

The study population consisted of 9184 twin-born and 
492 894 singleton-born women in 1967–2005, with their later 
births registered in the MBRN during 1981–2020 (Figure 1).

Table 1 shows the birth characteristics of twin-born and 
singleton-born women. About 40% of both twin-born women 
and singleton-born women were born during 1970s and 36–
40% of twin-born or singleton-born women had their first 
pregnancies after 2009. Twin-born women were older at their 
first birth, but there was no difference in educational attain-
ment for twin-born and singleton-born women. Almost 50% 
of both twin- and singleton-born women had two pregnancies. 

Twin-born women were more frequently exposed to in utero 
pre-eclampsia than were singleton-born women (8% versus 
2%) and were more often born preterm (29% versus 4%).

Table 2 shows the risk of pre-eclampsia, preterm deliv-
ery and perinatal loss in women's own pregnancies among 
twin-born versus singleton-born women. There was no in-
creased risk for adverse outcomes in twin-born women com-
pared with singleton-born women: adjusted RR (aRR) for 
pre-eclampsia 1.00 (95% CI 0.93–1.09), for preterm delivery 
0.96 (95% CI 0.90–1.02) and for perinatal loss 1.00 (95% CI 
0.84–1.18). Analyses were adjusted for twin-born and single-
ton-born women's own decade of birth, and their mother's 
educational attainment.

We further investigated whether the risk of adverse 
outcomes differed by in utero exposure to pre-eclampsia 
(Table 3). Compared with singleton-born women with no in 
utero exposure to pre-eclampsia, singleton-born women ex-
posed to pre-eclampsia had an increased risk of pre-eclamp-
sia (aRR 2.17, 95% CI 2.07–2.28) and preterm delivery (aRR 
1.23, 95% CI 1.17–1.30) in their own pregnancies. Twin-born 
women delivered from a non-pre-eclamptic pregnancy had no 
increased risk of any adverse pregnancy outcome compared 
with singleton-born women from non-pre-eclamptic preg-
nancies. Twin-born women exposed to pre-eclampsia in utero 
did have an increased risk of pre-eclampsia in their own preg-
nancies (aRR 1.57, 95% CI 1.26–1.97) compared with single-
ton-born women with no pre-eclampsia, but it was lower than 
that experienced by singletons exposed to pre-eclampsia (aRR 
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1.14) and with pre-eclampsia (aRR 0.45, 95% CI 0.19-1.10), but 
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Women who were term twins had a slightly decreased risk of 
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perinatal loss in their own pregnancies compared with both 
term and preterm singleton-born women.

In a sensitivity analysis, we also adjusted our main mod-
els for other factors such as women's educational status and 
total number of pregnancies; the results were essentially the 
same (Table S1).

4  |   DISCUSSION

4.1  |  Main findings

We found that, on average, there was no difference in the risk 
of pre-eclampsia, preterm delivery or perinatal loss in the 
singleton pregnancies to twin-born women compared with 
singleton-born women, despite pre-eclampsia and preterm de-
livery being much more frequent in twin pregnancies. Twin-
born women with in utero exposure to pre-eclampsia had a 
lower risk of pre-eclampsia and preterm delivery in their own 
pregnancies compared with singleton-born women with in 
utero exposure to pre-eclampsia. Further, preterm twin-born 
women did not differ in terms of their risk of pre-eclampsia or 
perinatal loss compared with preterm singleton-born women, 
and they had a reduced risk of preterm delivery.

4.2  |  Interpretation

Earlier studies have evaluated several risk factors contribut-
ing to higher incidences of pregnancy complications in twin 
versus singleton pregnancies such as obstetric history, age 
and pre-existing hypertension.19–21 In our study, we evalu-
ated whether twin-born women have a higher risk of adverse 
pregnancy outcomes in their own pregnancies compared 
with singleton-born women. Our results therefore add to the 
existing literature by demonstrating that twin-born women, 
despite more frequently experiencing in utero exposure to 
pre-eclampsia or being born preterm, generally seem to have 
no increased risk of adverse outcomes in their own pregnan-
cies compared with singleton-born women. This may be due 
to the different underlying causes of pregnancy complica-
tions in twin compared with singleton pregnancies. Some of 
the causes of pregnancy complications in twin pregnancies 
may be less likely to carry an increased inter-generational 
risk and be related more to the larger intrauterine volume of 
two growing fetuses.

Recurrence of pre-eclampsia across generations has been 
well documented in singleton-born women;9,22 however, 
less is known for twin-born women. Although we see ev-
idence for an increased inter-generational recurrence risk 

F I G U R E  1   Flowchart of the study population. *Women who only had second or later pregnancies registered in the Medical Birth Registry of Norway 
(MBRN) were excluded (such as first births outside Norway).
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perinatal loss in their own pregnancies compared with both 
term and preterm singleton-born women.

In a sensitivity analysis, we also adjusted our main mod-
els for other factors such as women's educational status and 
total number of pregnancies; the results were essentially the 
same (Table S1).

4 | DISCUSSION

4.1 | Main findings

We found that, on average, there was no difference in the risk 
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singleton pregnancies to twin-born women compared with 
singleton-born women, despite pre-eclampsia and preterm de-
livery being much more frequent in twin pregnancies. Twin-
born women with in utero exposure to pre-eclampsia had a 
lower risk of pre-eclampsia and preterm delivery in their own 
pregnancies compared with singleton-born women with in 
utero exposure to pre-eclampsia. Further, preterm twin-born 
women did not differ in terms of their risk of pre-eclampsia or 
perinatal loss compared with preterm singleton-born women, 
and they had a reduced risk of preterm delivery.

4.2 | Interpretation

Earlier studies have evaluated several risk factors contribut-
ing to higher incidences of pregnancy complications in twin 
versus singleton pregnancies such as obstetric history, age 
and pre-existing hypertension.19–21 In our study, we evalu-
ated whether twin-born women have a higher risk of adverse 
pregnancy outcomes in their own pregnancies compared 
with singleton-born women. Our results therefore add to the 
existing literature by demonstrating that twin-born women, 
despite more frequently experiencing in utero exposure to 
pre-eclampsia or being born preterm, generally seem to have 
no increased risk of adverse outcomes in their own pregnan-
cies compared with singleton-born women. This may be due 
to the different underlying causes of pregnancy complica-
tions in twin compared with singleton pregnancies. Some of 
the causes of pregnancy complications in twin pregnancies 
may be less likely to carry an increased inter-generational 
risk and be related more to the larger intrauterine volume of 
two growing fetuses.

Recurrence of pre-eclampsia across generations has been 
well documented in singleton-born women;9,22 however, 
less is known for twin-born women. Although we see ev-
idence for an increased inter-generational recurrence risk 

FIGURE 1 Flowchart of the study population. *Women who only had second or later pregnancies registered in the Medical Birth Registry of Norway 
(MBRN) were excluded (such as first births outside Norway).
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In a sensitivity analysis, we also adjusted our main mod-
els for other factors such as women's educational status and 
total number of pregnancies; the results were essentially the 
same (Table S1).
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singleton pregnancies to twin-born women compared with 
singleton-born women, despite pre-eclampsia and preterm de-
livery being much more frequent in twin pregnancies. Twin-
born women with in utero exposure to pre-eclampsia had a 
lower risk of pre-eclampsia and preterm delivery in their own 
pregnancies compared with singleton-born women with in 
utero exposure to pre-eclampsia. Further, preterm twin-born 
women did not differ in terms of their risk of pre-eclampsia or 
perinatal loss compared with preterm singleton-born women, 
and they had a reduced risk of preterm delivery.

4.2 | Interpretation

Earlier studies have evaluated several risk factors contribut-
ing to higher incidences of pregnancy complications in twin 
versus singleton pregnancies such as obstetric history, age 
and pre-existing hypertension.19–21 In our study, we evalu-
ated whether twin-born women have a higher risk of adverse 
pregnancy outcomes in their own pregnancies compared 
with singleton-born women. Our results therefore add to the 
existing literature by demonstrating that twin-born women, 
despite more frequently experiencing in utero exposure to 
pre-eclampsia or being born preterm, generally seem to have 
no increased risk of adverse outcomes in their own pregnan-
cies compared with singleton-born women. This may be due 
to the different underlying causes of pregnancy complica-
tions in twin compared with singleton pregnancies. Some of 
the causes of pregnancy complications in twin pregnancies 
may be less likely to carry an increased inter-generational 
risk and be related more to the larger intrauterine volume of 
two growing fetuses.

Recurrence of pre-eclampsia across generations has been 
well documented in singleton-born women;9,22 however, 
less is known for twin-born women. Although we see ev-
idence for an increased inter-generational recurrence risk 
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(MBRN) were excluded (such as first births outside Norway).
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term and preterm singleton-born women.

In a sensitivity analysis, we also adjusted our main mod-
els for other factors such as women's educational status and 
total number of pregnancies; the results were essentially the 
same (Table S1).
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We found that, on average, there was no difference in the risk 
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singleton pregnancies to twin-born women compared with 
singleton-born women, despite pre-eclampsia and preterm de-
livery being much more frequent in twin pregnancies. Twin-
born women with in utero exposure to pre-eclampsia had a 
lower risk of pre-eclampsia and preterm delivery in their own 
pregnancies compared with singleton-born women with in 
utero exposure to pre-eclampsia. Further, preterm twin-born 
women did not differ in terms of their risk of pre-eclampsia or 
perinatal loss compared with preterm singleton-born women, 
and they had a reduced risk of preterm delivery.

4.2  |  Interpretation

Earlier studies have evaluated several risk factors contribut-
ing to higher incidences of pregnancy complications in twin 
versus singleton pregnancies such as obstetric history, age 
and pre-existing hypertension.19–21 In our study, we evalu-
ated whether twin-born women have a higher risk of adverse 
pregnancy outcomes in their own pregnancies compared 
with singleton-born women. Our results therefore add to the 
existing literature by demonstrating that twin-born women, 
despite more frequently experiencing in utero exposure to 
pre-eclampsia or being born preterm, generally seem to have 
no increased risk of adverse outcomes in their own pregnan-
cies compared with singleton-born women. This may be due 
to the different underlying causes of pregnancy complica-
tions in twin compared with singleton pregnancies. Some of 
the causes of pregnancy complications in twin pregnancies 
may be less likely to carry an increased inter-generational 
risk and be related more to the larger intrauterine volume of 
two growing fetuses.

Recurrence of pre-eclampsia across generations has been 
well documented in singleton-born women;9,22 however, 
less is known for twin-born women. Although we see ev-
idence for an increased inter-generational recurrence risk 
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perinatal loss in their own pregnancies compared with both 
term and preterm singleton-born women.

In a sensitivity analysis, we also adjusted our main mod-
els for other factors such as women's educational status and 
total number of pregnancies; the results were essentially the 
same (Table S1).

4  |   DISCUSSION

4.1  |  Main findings

We found that, on average, there was no difference in the risk 
of pre-eclampsia, preterm delivery or perinatal loss in the 
singleton pregnancies to twin-born women compared with 
singleton-born women, despite pre-eclampsia and preterm de-
livery being much more frequent in twin pregnancies. Twin-
born women with in utero exposure to pre-eclampsia had a 
lower risk of pre-eclampsia and preterm delivery in their own 
pregnancies compared with singleton-born women with in 
utero exposure to pre-eclampsia. Further, preterm twin-born 
women did not differ in terms of their risk of pre-eclampsia or 
perinatal loss compared with preterm singleton-born women, 
and they had a reduced risk of preterm delivery.

4.2  |  Interpretation

Earlier studies have evaluated several risk factors contribut-
ing to higher incidences of pregnancy complications in twin 
versus singleton pregnancies such as obstetric history, age 
and pre-existing hypertension.19–21 In our study, we evalu-
ated whether twin-born women have a higher risk of adverse 
pregnancy outcomes in their own pregnancies compared 
with singleton-born women. Our results therefore add to the 
existing literature by demonstrating that twin-born women, 
despite more frequently experiencing in utero exposure to 
pre-eclampsia or being born preterm, generally seem to have 
no increased risk of adverse outcomes in their own pregnan-
cies compared with singleton-born women. This may be due 
to the different underlying causes of pregnancy complica-
tions in twin compared with singleton pregnancies. Some of 
the causes of pregnancy complications in twin pregnancies 
may be less likely to carry an increased inter-generational 
risk and be related more to the larger intrauterine volume of 
two growing fetuses.

Recurrence of pre-eclampsia across generations has been 
well documented in singleton-born women;9,22 however, 
less is known for twin-born women. Although we see ev-
idence for an increased inter-generational recurrence risk 
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perinatal loss in their own pregnancies compared with both 
term and preterm singleton-born women.

In a sensitivity analysis, we also adjusted our main mod-
els for other factors such as women's educational status and 
total number of pregnancies; the results were essentially the 
same (Table S1).

4 | DISCUSSION

4.1 | Main findings

We found that, on average, there was no difference in the risk 
of pre-eclampsia, preterm delivery or perinatal loss in the 
singleton pregnancies to twin-born women compared with 
singleton-born women, despite pre-eclampsia and preterm de-
livery being much more frequent in twin pregnancies. Twin-
born women with in utero exposure to pre-eclampsia had a 
lower risk of pre-eclampsia and preterm delivery in their own 
pregnancies compared with singleton-born women with in 
utero exposure to pre-eclampsia. Further, preterm twin-born 
women did not differ in terms of their risk of pre-eclampsia or 
perinatal loss compared with preterm singleton-born women, 
and they had a reduced risk of preterm delivery.

4.2 | Interpretation

Earlier studies have evaluated several risk factors contribut-
ing to higher incidences of pregnancy complications in twin 
versus singleton pregnancies such as obstetric history, age 
and pre-existing hypertension.19–21 In our study, we evalu-
ated whether twin-born women have a higher risk of adverse 
pregnancy outcomes in their own pregnancies compared 
with singleton-born women. Our results therefore add to the 
existing literature by demonstrating that twin-born women, 
despite more frequently experiencing in utero exposure to 
pre-eclampsia or being born preterm, generally seem to have 
no increased risk of adverse outcomes in their own pregnan-
cies compared with singleton-born women. This may be due 
to the different underlying causes of pregnancy complica-
tions in twin compared with singleton pregnancies. Some of 
the causes of pregnancy complications in twin pregnancies 
may be less likely to carry an increased inter-generational 
risk and be related more to the larger intrauterine volume of 
two growing fetuses.
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well documented in singleton-born women;9,22 however, 
less is known for twin-born women. Although we see ev-
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perinatal loss in their own pregnancies compared with both 
term and preterm singleton-born women.

In a sensitivity analysis, we also adjusted our main mod-
els for other factors such as women's educational status and 
total number of pregnancies; the results were essentially the 
same (Table S1).

4 | DISCUSSION

4.1 | Main findings

We found that, on average, there was no difference in the risk 
of pre-eclampsia, preterm delivery or perinatal loss in the 
singleton pregnancies to twin-born women compared with 
singleton-born women, despite pre-eclampsia and preterm de-
livery being much more frequent in twin pregnancies. Twin-
born women with in utero exposure to pre-eclampsia had a 
lower risk of pre-eclampsia and preterm delivery in their own 
pregnancies compared with singleton-born women with in 
utero exposure to pre-eclampsia. Further, preterm twin-born 
women did not differ in terms of their risk of pre-eclampsia or 
perinatal loss compared with preterm singleton-born women, 
and they had a reduced risk of preterm delivery.

4.2 | Interpretation

Earlier studies have evaluated several risk factors contribut-
ing to higher incidences of pregnancy complications in twin 
versus singleton pregnancies such as obstetric history, age 
and pre-existing hypertension.19–21 In our study, we evalu-
ated whether twin-born women have a higher risk of adverse 
pregnancy outcomes in their own pregnancies compared 
with singleton-born women. Our results therefore add to the 
existing literature by demonstrating that twin-born women, 
despite more frequently experiencing in utero exposure to 
pre-eclampsia or being born preterm, generally seem to have 
no increased risk of adverse outcomes in their own pregnan-
cies compared with singleton-born women. This may be due 
to the different underlying causes of pregnancy complica-
tions in twin compared with singleton pregnancies. Some of 
the causes of pregnancy complications in twin pregnancies 
may be less likely to carry an increased inter-generational 
risk and be related more to the larger intrauterine volume of 
two growing fetuses.

Recurrence of pre-eclampsia across generations has been 
well documented in singleton-born women;9,22 however, 
less is known for twin-born women. Although we see ev-
idence for an increased inter-generational recurrence risk 

FIGURE 1 Flowchart of the study population. *Women who only had second or later pregnancies registered in the Medical Birth Registry of Norway 
(MBRN) were excluded (such as first births outside Norway).
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perinatal loss in their own pregnancies compared with both 
term and preterm singleton-born women.

In a sensitivity analysis, we also adjusted our main mod-
els for other factors such as women's educational status and 
total number of pregnancies; the results were essentially the 
same (Table S1).

4 | DISCUSSION

4.1 | Main findings

We found that, on average, there was no difference in the risk 
of pre-eclampsia, preterm delivery or perinatal loss in the 
singleton pregnancies to twin-born women compared with 
singleton-born women, despite pre-eclampsia and preterm de-
livery being much more frequent in twin pregnancies. Twin-
born women with in utero exposure to pre-eclampsia had a 
lower risk of pre-eclampsia and preterm delivery in their own 
pregnancies compared with singleton-born women with in 
utero exposure to pre-eclampsia. Further, preterm twin-born 
women did not differ in terms of their risk of pre-eclampsia or 
perinatal loss compared with preterm singleton-born women, 
and they had a reduced risk of preterm delivery.

4.2 | Interpretation

Earlier studies have evaluated several risk factors contribut-
ing to higher incidences of pregnancy complications in twin 
versus singleton pregnancies such as obstetric history, age 
and pre-existing hypertension.19–21 In our study, we evalu-
ated whether twin-born women have a higher risk of adverse 
pregnancy outcomes in their own pregnancies compared 
with singleton-born women. Our results therefore add to the 
existing literature by demonstrating that twin-born women, 
despite more frequently experiencing in utero exposure to 
pre-eclampsia or being born preterm, generally seem to have 
no increased risk of adverse outcomes in their own pregnan-
cies compared with singleton-born women. This may be due 
to the different underlying causes of pregnancy complica-
tions in twin compared with singleton pregnancies. Some of 
the causes of pregnancy complications in twin pregnancies 
may be less likely to carry an increased inter-generational 
risk and be related more to the larger intrauterine volume of 
two growing fetuses.

Recurrence of pre-eclampsia across generations has been 
well documented in singleton-born women;9,22 however, 
less is known for twin-born women. Although we see ev-
idence for an increased inter-generational recurrence risk 

FIGURE 1 Flowchart of the study population. *Women who only had second or later pregnancies registered in the Medical Birth Registry of Norway 
(MBRN) were excluded (such as first births outside Norway).
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perinatal loss in their own pregnancies compared with both 
term and preterm singleton-born women.

In a sensitivity analysis, we also adjusted our main mod-
els for other factors such as women's educational status and 
total number of pregnancies; the results were essentially the 
same (Table S1).

4 | DISCUSSION

4.1 | Main findings

We found that, on average, there was no difference in the risk 
of pre-eclampsia, preterm delivery or perinatal loss in the 
singleton pregnancies to twin-born women compared with 
singleton-born women, despite pre-eclampsia and preterm de-
livery being much more frequent in twin pregnancies. Twin-
born women with in utero exposure to pre-eclampsia had a 
lower risk of pre-eclampsia and preterm delivery in their own 
pregnancies compared with singleton-born women with in 
utero exposure to pre-eclampsia. Further, preterm twin-born 
women did not differ in terms of their risk of pre-eclampsia or 
perinatal loss compared with preterm singleton-born women, 
and they had a reduced risk of preterm delivery.

4.2 | Interpretation

Earlier studies have evaluated several risk factors contribut-
ing to higher incidences of pregnancy complications in twin 
versus singleton pregnancies such as obstetric history, age 
and pre-existing hypertension.19–21 In our study, we evalu-
ated whether twin-born women have a higher risk of adverse 
pregnancy outcomes in their own pregnancies compared 
with singleton-born women. Our results therefore add to the 
existing literature by demonstrating that twin-born women, 
despite more frequently experiencing in utero exposure to 
pre-eclampsia or being born preterm, generally seem to have 
no increased risk of adverse outcomes in their own pregnan-
cies compared with singleton-born women. This may be due 
to the different underlying causes of pregnancy complica-
tions in twin compared with singleton pregnancies. Some of 
the causes of pregnancy complications in twin pregnancies 
may be less likely to carry an increased inter-generational 
risk and be related more to the larger intrauterine volume of 
two growing fetuses.

Recurrence of pre-eclampsia across generations has been 
well documented in singleton-born women;9,22 however, 
less is known for twin-born women. Although we see ev-
idence for an increased inter-generational recurrence risk 

FIGURE 1 Flowchart of the study population. *Women who only had second or later pregnancies registered in the Medical Birth Registry of Norway 
(MBRN) were excluded (such as first births outside Norway).
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RISK OF ADVERSE PREGNANCY OUTCOMES IN TWIN- AND SINGLETON-BORN WOMEN: AN INTER-
GENERATIONAL COHORT STUDY

of pre-eclampsia in both singleton-born and twin-born 
women who themselves were exposed to pre-eclampsia 
compared with those who were not, twin-born women ex-
posed to pre-eclampsia had a lower recurrence of pre-ec-
lampsia compared with singleton-born women exposed to 
pre-eclampsia. One inter-generational study from Sweden 
has shown less recurrence of preterm delivery in preterm 
twin-born women than in preterm singleton-born women.23 

T A B L E  1   Pregnancy characteristics of twin-born (n = 9184) and 
singleton-born (n = 492 894) women, from the Medical Birth Registry of 
Norway, 1967–2020.

9184 twin-born 
women, n (%)

492 894 singleton-
born women, n (%)

Decade of women's birth

1967–1969 1367 (14.9) 74 571 (15.1)

1970–1979 3663 (39.9) 206 067 (41.8)

1980–1989 3073 (33.5) 161 187 (32.7)

1990–1999 1070 (117) 50 713 (10.3)

2000–2005 11 (0.1) 356 (0.1)

Characteristics of women's own pregnancy

Decade of first pregnancy

1981–1989 296 (3.2) 17 896 (3.6)

1990–1999 2222 (24.2) 131 326 (26.6)

2000–2009 2999 (32.7) 165 430 (33.6)

2010–2020 3667 (39.9) 178 242 (36.2)

Age at first pregnancy, years

≤19 658 (7.2) 41 357 (8.4)

20–25 3375 (36.7) 189 074 (38.4)

26–30 3406 (37.1) 172 093 (34.9)

31–35 1339 (14.6) 71 402 (14.5)

>35 406 (4.4) 18 968 (3.8)

Years of attained education

<11 1219 (13.3) 67 868 (13.8)

11–13 2891 (31.5) 149 096 (30.2)

≥14 5046 (54.9) 275 231 (55.8)

Missing 28 (0.3) 699 (0.1)

Number of pregnancies

1 2456 (26.7) 120 535 (24.5)

2 4401 (47.9) 239 649 (48.6)

3 1908 (20.8) 107 002 (21.7)

4 or more 419 (4.6) 25 708 (5.2)

Characteristics of women's in utero exposures

Women exposed to in utero pre-eclampsia

Yes 755 (8.2) 11 507 (2.3)

No 8429 (91.8) 481 387 (97.7)

Women born preterm (<37 weeks)

Yes 2647 (28.8) 18 527 (3.8)

No 6139 (66.8) 446 260 (90.5)

Missing 398 (4.3) 28 107 (5.7)
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of pre-eclampsia in both singleton-born and twin-born 
women who themselves were exposed to pre-eclampsia 
compared with those who were not, twin-born women ex-
posed to pre-eclampsia had a lower recurrence of pre-ec-
lampsia compared with singleton-born women exposed to 
pre-eclampsia. One inter-generational study from Sweden 
has shown less recurrence of preterm delivery in preterm 
twin-born women than in preterm singleton-born women.23 

TABLE 1 Pregnancy characteristics of twin-born (n = 9184) and 
singleton-born (n = 492 894) women, from the Medical Birth Registry of 
Norway, 1967–2020.

9184 twin-born 
women, n (%)

492 894 singleton-
born women, n (%)

Decade of women's birth

1967–19691367 (14.9)74 571 (15.1)

1970–19793663 (39.9)206 067 (41.8)

1980–19893073 (33.5)161 187 (32.7)

1990–19991070 (117)50 713 (10.3)

2000–200511 (0.1)356 (0.1)

Characteristics of women's own pregnancy

Decade of first pregnancy

1981–1989296 (3.2)17 896 (3.6)

1990–19992222 (24.2)131 326 (26.6)

2000–20092999 (32.7)165 430 (33.6)

2010–20203667 (39.9)178 242 (36.2)

Age at first pregnancy, years

≤19658 (7.2)41 357 (8.4)

20–253375 (36.7)189 074 (38.4)

26–303406 (37.1)172 093 (34.9)

31–351339 (14.6)71 402 (14.5)

>35406 (4.4)18 968 (3.8)

Years of attained education

<111219 (13.3)67 868 (13.8)

11–132891 (31.5)149 096 (30.2)

≥145046 (54.9)275 231 (55.8)

Missing28 (0.3)699 (0.1)

Number of pregnancies

12456 (26.7)120 535 (24.5)

24401 (47.9)239 649 (48.6)

31908 (20.8)107 002 (21.7)

4 or more419 (4.6)25 708 (5.2)

Characteristics of women's in utero exposures

Women exposed to in utero pre-eclampsia

Yes755 (8.2)11 507 (2.3)

No8429 (91.8)481 387 (97.7)

Women born preterm (<37 weeks)

Yes2647 (28.8)18 527 (3.8)

No6139 (66.8)446 260 (90.5)

Missing398 (4.3)28 107 (5.7)
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of pre-eclampsia in both singleton-born and twin-born 
women who themselves were exposed to pre-eclampsia 
compared with those who were not, twin-born women ex-
posed to pre-eclampsia had a lower recurrence of pre-ec-
lampsia compared with singleton-born women exposed to 
pre-eclampsia. One inter-generational study from Sweden 
has shown less recurrence of preterm delivery in preterm 
twin-born women than in preterm singleton-born women.23 

TABLE 1 Pregnancy characteristics of twin-born (n = 9184) and 
singleton-born (n = 492 894) women, from the Medical Birth Registry of 
Norway, 1967–2020.

9184 twin-born 
women, n (%)

492 894 singleton-
born women, n (%)

Decade of women's birth

1967–19691367 (14.9)74 571 (15.1)

1970–19793663 (39.9)206 067 (41.8)

1980–19893073 (33.5)161 187 (32.7)

1990–19991070 (117)50 713 (10.3)

2000–200511 (0.1)356 (0.1)

Characteristics of women's own pregnancy

Decade of first pregnancy

1981–1989296 (3.2)17 896 (3.6)

1990–19992222 (24.2)131 326 (26.6)

2000–20092999 (32.7)165 430 (33.6)

2010–20203667 (39.9)178 242 (36.2)

Age at first pregnancy, years

≤19658 (7.2)41 357 (8.4)

20–253375 (36.7)189 074 (38.4)

26–303406 (37.1)172 093 (34.9)

31–351339 (14.6)71 402 (14.5)

>35406 (4.4)18 968 (3.8)

Years of attained education

<111219 (13.3)67 868 (13.8)

11–132891 (31.5)149 096 (30.2)

≥145046 (54.9)275 231 (55.8)

Missing28 (0.3)699 (0.1)

Number of pregnancies

12456 (26.7)120 535 (24.5)

24401 (47.9)239 649 (48.6)

31908 (20.8)107 002 (21.7)

4 or more419 (4.6)25 708 (5.2)

Characteristics of women's in utero exposures

Women exposed to in utero pre-eclampsia

Yes755 (8.2)11 507 (2.3)

No8429 (91.8)481 387 (97.7)

Women born preterm (<37 weeks)

Yes2647 (28.8)18 527 (3.8)

No6139 (66.8)446 260 (90.5)

Missing398 (4.3)28 107 (5.7)

T
A
B
L
E
 2
 
Re
la
tiv
e 
ri
sk
s (
R
R
s)
 w
ith
 9
5%
 C
Is
 fo
r p
re
-e
cl
am
ps
ia
, p
re
te
rm
 d
el
iv
er
y 
(<
37
 w
ee
ks
) a
nd
 p
er
in
at
al
 lo
ss

a in
 tw
in
-b
or
n 
w
om
en
 c
om
pa
re
d 
w
ith
 si
ng
le
to
n-
bo
rn
 w
om
en
.

W
om
en
 b
or
n

A
dv
er
se
 o
ut
co
m
es
 in
 o
w
n 
pr
eg
na
nc
y

Pr
e-
ec
la
m
ps
ia

Pr
et
er
m
 d
el
iv
er
y

Pe
ri
na
ta
l l
os
s a

To
ta
l N

n 
(%
)

C
ru
de
 R
R
 (9
5%
 C
I)

aR
R

b (9
5%
 C
I)

n 
(%
)

C
ru
de
 R
R
 (9
5%
 C
I)

aR
R

b (9
5%
 C
I)

n 
(%
)

C
ru
de
 R
R
 (9
5%
 C
I)

aR
R

b (9
5%
 C
I)

Si
ng
le
to
n

49
2 8
94

32
 09
1 
(6
.5
)

Re
fe
re
nc
e

Re
fe
re
nc
e

49
 26
3 
(1
0.
0)

Re
fe
re
nc
e

Re
fe
re
nc
e

72
90
 (1
.5
)

Re
fe
re
nc
e

Re
fe
re
nc
e

Tw
in

91
84

59
7 
(6
.5
)

1.
00
 (0
.9
2–
1.
08
)

1.
00
 (0
.9
3–
1.
09
)

87
6 
(9
.5
)

0.
95
 (0
.8
9–
1.
02
)

0.
96
 (0
.9
0–
1.
02
)

13
5 
(1
.5
)

0.
99
 (0
.8
4–
1.
18
)

1.
00
 (0
.8
4–
1.
18
)

A
bb
re
vi
at
io
ns
: C
I, 
co
nf
id
en
ce
 in
te
rv
al
; R
R
, r
el
at
iv
e 
ri
sk
.

aM
is
ca
rr
ia
ge
s, 
st
ill
bi
rt
hs
 a
nd
 e
ar
ly
 n
eo
na
ta
l d
ea
th
s <
7 d
ay
s o
f l
ife
.

baR
R
s o
bt
ai
ne
d 
by
 g
en
er
al
is
ed
 li
ne
ar
 m
od
el
s w
ith
 lo
g 
lin
k 
bi
no
m
ia
l d
is
tr
ib
ut
io
n.
 A
na
ly
se
s w
er
e 
ad
ju
st
ed
 fo
r t
w
in
-b
or
n 
an
d 
si
ng
le
to
n-
bo
rn
 w
om
en
's 
ow
n 
de
ca
de
 o
f b
ir
th
, a
nd
 th
ei
r m
ot
he
r's
 e
du
ca
tio
n.

 14710528, 0, D
ow
nloaded from
 https://obgyn.onlinelibrary.w
iley.com
/doi/10.1111/1471-0528.17690 by U
N
IV
E
R
SIT
Y
 O
F B
E
R
G
E
N
, W
iley O
nline L
ibrary on [13/11/2023]. See the T
erm
s and C
onditions (https://onlinelibrary.w
iley.com
/term
s-and-conditions) on W
iley O
nline L
ibrary for rules of use; O
A
 articles are governed by the applicable C
reative C
om
m
ons L
icense

      |  5
RISK OF ADVERSE PREGNANCY OUTCOMES IN TWIN- AND SINGLETON-BORN WOMEN: AN INTER-
GENERATIONAL COHORT STUDY

of pre-eclampsia in both singleton-born and twin-born 
women who themselves were exposed to pre-eclampsia 
compared with those who were not, twin-born women ex-
posed to pre-eclampsia had a lower recurrence of pre-ec-
lampsia compared with singleton-born women exposed to 
pre-eclampsia. One inter-generational study from Sweden 
has shown less recurrence of preterm delivery in preterm 
twin-born women than in preterm singleton-born women.23 

T A B L E  1   Pregnancy characteristics of twin-born (n = 9184) and 
singleton-born (n = 492 894) women, from the Medical Birth Registry of 
Norway, 1967–2020.
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of pre-eclampsia in both singleton-born and twin-born 
women who themselves were exposed to pre-eclampsia 
compared with those who were not, twin-born women ex-
posed to pre-eclampsia had a lower recurrence of pre-ec-
lampsia compared with singleton-born women exposed to 
pre-eclampsia. One inter-generational study from Sweden 
has shown less recurrence of preterm delivery in preterm 
twin-born women than in preterm singleton-born women.23 

T A B L E  1   Pregnancy characteristics of twin-born (n = 9184) and 
singleton-born (n = 492 894) women, from the Medical Birth Registry of 
Norway, 1967–2020.
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women, n (%)

492 894 singleton-
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1967–1969 1367 (14.9) 74 571 (15.1)

1970–1979 3663 (39.9) 206 067 (41.8)

1980–1989 3073 (33.5) 161 187 (32.7)

1990–1999 1070 (117) 50 713 (10.3)

2000–2005 11 (0.1) 356 (0.1)
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Decade of first pregnancy

1981–1989 296 (3.2) 17 896 (3.6)

1990–1999 2222 (24.2) 131 326 (26.6)

2000–2009 2999 (32.7) 165 430 (33.6)

2010–2020 3667 (39.9) 178 242 (36.2)
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20–25 3375 (36.7) 189 074 (38.4)

26–30 3406 (37.1) 172 093 (34.9)

31–35 1339 (14.6) 71 402 (14.5)

>35 406 (4.4) 18 968 (3.8)

Years of attained education
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2 4401 (47.9) 239 649 (48.6)

3 1908 (20.8) 107 002 (21.7)
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Women exposed to in utero pre-eclampsia
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of pre-eclampsia in both singleton-born and twin-born 
women who themselves were exposed to pre-eclampsia 
compared with those who were not, twin-born women ex-
posed to pre-eclampsia had a lower recurrence of pre-ec-
lampsia compared with singleton-born women exposed to 
pre-eclampsia. One inter-generational study from Sweden 
has shown less recurrence of preterm delivery in preterm 
twin-born women than in preterm singleton-born women.23 

TABLE 1 Pregnancy characteristics of twin-born (n = 9184) and 
singleton-born (n = 492 894) women, from the Medical Birth Registry of 
Norway, 1967–2020.

9184 twin-born 
women, n (%)

492 894 singleton-
born women, n (%)
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1967–19691367 (14.9)74 571 (15.1)
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Women exposed to in utero pre-eclampsia
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of pre-eclampsia in both singleton-born and twin-born 
women who themselves were exposed to pre-eclampsia 
compared with those who were not, twin-born women ex-
posed to pre-eclampsia had a lower recurrence of pre-ec-
lampsia compared with singleton-born women exposed to 
pre-eclampsia. One inter-generational study from Sweden 
has shown less recurrence of preterm delivery in preterm 
twin-born women than in preterm singleton-born women.23 

TABLE 1 Pregnancy characteristics of twin-born (n = 9184) and 
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Norway, 1967–2020.
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of pre-eclampsia in both singleton-born and twin-born 
women who themselves were exposed to pre-eclampsia 
compared with those who were not, twin-born women ex-
posed to pre-eclampsia had a lower recurrence of pre-ec-
lampsia compared with singleton-born women exposed to 
pre-eclampsia. One inter-generational study from Sweden 
has shown less recurrence of preterm delivery in preterm 
twin-born women than in preterm singleton-born women.23 
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of pre-eclampsia in both singleton-born and twin-born 
women who themselves were exposed to pre-eclampsia 
compared with those who were not, twin-born women ex-
posed to pre-eclampsia had a lower recurrence of pre-ec-
lampsia compared with singleton-born women exposed to 
pre-eclampsia. One inter-generational study from Sweden 
has shown less recurrence of preterm delivery in preterm 
twin-born women than in preterm singleton-born women.23 
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Is for pre-eclam
psia, preterm
 delivery (<37 w
eeks) and perinatal lossa  in tw
in-born w
om
en com
pared w
ith singleton-born w
om
en, w
hen the w
om
en w
ere 

them
selves exposed to pre-eclam
psia.
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0.98 (0.90–1.07)

Pre-eclam
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1542/11 507 (13.4%
)

2.17 (2.07–2.28)

74/755 (9.8%
)

1.57 (1.26–1.97)

0.73 (0.58–0.91)c
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0.45 (0.19–1.10)

A
bbreviations: C
I, confidence interval; R
R
: relative risk.

a M
iscarriages, stillbirths and early neonatal deaths <7 days of life.

b aR
R
s obtained by generalised linear m
odels w
ith log link binom
ial distribution. A
nalyses w
ere adjusted for tw
in-born and singleton-born w
om
en's ow
n decade of birth, and their m
other's education.

c E-values for these estim
ates ranged from
 2.1 to 2.2, suggesting that unm
easured confounding of such a strength w
ould be needed to m
ove this point estim
ate to null.
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psia, preterm
 delivery (<37 w
eeks) and perinatal lossa  in tw
in-born w
om
en com
pared w
ith singleton-born w
om
en, w
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om
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selves 
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ere born preterm
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bbreviations: C
I, confidence interval; R
R
: relative risk.

a M
iscarriages, stillbirths and early neonatal deaths <7 days of life.

b aR
R
s obtained by generalised linear m
odels w
ith log link binom
ial distribution. A
nalyses w
ere adjusted for tw
in-born and singleton-born w
om
en's ow
n decade of birth, and their m
other's education.

c E-values for these estim
ates ranged from
 1.4 to 1.7, suggesting that unm
easured confounding of such a strength w
ould be needed to m
ove this point estim
ate to null.
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We found similar patterns when looking at later preterm 
delivery among preterm twin- and singleton-born women. 
Together with prior literature, this supports the theory that 
pregnancy complications in twin pregnancies have both 
similar and distinct origins compared with singleton preg-
nancies. For instance, studies indicate that the placental 
size in twin pregnancies may worsen placental perfusion, 
leading to increased complications such as pre-eclampsia in 
twin pregnancies.24,25 When the complications are due to 
the physical demands of the twin pregnancies, they may be 
less likely to be transferred to the next generation.

4.3  |  Strengths and limitations

Prospectively collected data provided the opportunity to 
study pregnancy outcomes across generations. The large 
sample size and long follow-up allowed us to evaluate as-
sociations stratified by in utero exposure to specific preg-
nancy complications among twin-born and singleton-born 
women. Changes to the data recording system over the years 
are unlikely to impact the reporting of singleton or multi-
ple gestations over time. Linked pregnancy complications 
across a woman's reproductive life are necessary for studies 
such as this one, but using linked birth registry data does 
have limitations. Data on covariates relevant to the mother's 
own birth (i.e. her mother's smoking or BMI, chorionicity of 
twins) were not collected. Given the analysis of a woman's 
whole reproductive course, we did not take into account in-
termediate factors (smoking, inter-pregnancy interval) that 
may predict specific adverse outcomes, but which will vary 
for each pregnancy. We did take into account factors that 
may be associated with the woman's own birth (mother's ed-
ucation, decade of birth). However, in a sensitivity analysis, 
we also accounted for woman's education along with their 
total number of pregnancies as a surrogate for the oppor-
tunity to experience adverse pregnancy outcomes. We saw 
very little change in the estimates with these adjustments. 
Further, there is no large difference in reproduction of 
twin- or singleton-born women. In our population, 77% of 
twin-born women had a recorded pregnancy as compared 
with 84% of singleton-born women. Finally, for the esti-
mates which showed decreased risk of adverse outcomes for 
twins within strata of their own in utero exposure we have 
provided E-values. The E-values for these estimates ranged 
from 2.1 to 2.2 when women were stratified according to in 
utero exposure to pre-eclampsia and 1.4 to 1.7 when women 
were stratified according to preterm birth, suggesting that 
unmeasured confounding of such strength would be needed 
to move these point estimates to the null.

5  |   CONCLUSION

Despite the fact that twin-born women are more often ex-
posed to adverse pregnancy outcomes in utero, the risk 
of pre-eclampsia, preterm delivery and perinatal loss in 

twin-born women is not increased in their own pregnancies 
compared with singleton-born women. Twin-born women 
exposed to pre-eclampsia in utero had a reduced risk of pre-
eclampsia, preterm delivery or perinatal loss in their own 
pregnancies compared with singleton-born women exposed 
to pre-eclampsia in utero. Preterm twin-born women had 
no increased risk of pre-eclampsia or perinatal loss in their 
own pregnancies and a reduced risk of preterm delivery 
compared with preterm singleton-born women.
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We found similar patterns when looking at later preterm 
delivery among preterm twin- and singleton-born women. 
Together with prior literature, this supports the theory that 
pregnancy complications in twin pregnancies have both 
similar and distinct origins compared with singleton preg-
nancies. For instance, studies indicate that the placental 
size in twin pregnancies may worsen placental perfusion, 
leading to increased complications such as pre-eclampsia in 
twin pregnancies.24,25 When the complications are due to 
the physical demands of the twin pregnancies, they may be 
less likely to be transferred to the next generation.

4.3 | Strengths and limitations

Prospectively collected data provided the opportunity to 
study pregnancy outcomes across generations. The large 
sample size and long follow-up allowed us to evaluate as-
sociations stratified by in utero exposure to specific preg-
nancy complications among twin-born and singleton-born 
women. Changes to the data recording system over the years 
are unlikely to impact the reporting of singleton or multi-
ple gestations over time. Linked pregnancy complications 
across a woman's reproductive life are necessary for studies 
such as this one, but using linked birth registry data does 
have limitations. Data on covariates relevant to the mother's 
own birth (i.e. her mother's smoking or BMI, chorionicity of 
twins) were not collected. Given the analysis of a woman's 
whole reproductive course, we did not take into account in-
termediate factors (smoking, inter-pregnancy interval) that 
may predict specific adverse outcomes, but which will vary 
for each pregnancy. We did take into account factors that 
may be associated with the woman's own birth (mother's ed-
ucation, decade of birth). However, in a sensitivity analysis, 
we also accounted for woman's education along with their 
total number of pregnancies as a surrogate for the oppor-
tunity to experience adverse pregnancy outcomes. We saw 
very little change in the estimates with these adjustments. 
Further, there is no large difference in reproduction of 
twin- or singleton-born women. In our population, 77% of 
twin-born women had a recorded pregnancy as compared 
with 84% of singleton-born women. Finally, for the esti-
mates which showed decreased risk of adverse outcomes for 
twins within strata of their own in utero exposure we have 
provided E-values. The E-values for these estimates ranged 
from 2.1 to 2.2 when women were stratified according to in 
utero exposure to pre-eclampsia and 1.4 to 1.7 when women 
were stratified according to preterm birth, suggesting that 
unmeasured confounding of such strength would be needed 
to move these point estimates to the null.

5 | CONCLUSION

Despite the fact that twin-born women are more often ex-
posed to adverse pregnancy outcomes in utero, the risk 
of pre-eclampsia, preterm delivery and perinatal loss in 

twin-born women is not increased in their own pregnancies 
compared with singleton-born women. Twin-born women 
exposed to pre-eclampsia in utero had a reduced risk of pre-
eclampsia, preterm delivery or perinatal loss in their own 
pregnancies compared with singleton-born women exposed 
to pre-eclampsia in utero. Preterm twin-born women had 
no increased risk of pre-eclampsia or perinatal loss in their 
own pregnancies and a reduced risk of preterm delivery 
compared with preterm singleton-born women.
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We found similar patterns when looking at later preterm 
delivery among preterm twin- and singleton-born women. 
Together with prior literature, this supports the theory that 
pregnancy complications in twin pregnancies have both 
similar and distinct origins compared with singleton preg-
nancies. For instance, studies indicate that the placental 
size in twin pregnancies may worsen placental perfusion, 
leading to increased complications such as pre-eclampsia in 
twin pregnancies.24,25 When the complications are due to 
the physical demands of the twin pregnancies, they may be 
less likely to be transferred to the next generation.

4.3 | Strengths and limitations

Prospectively collected data provided the opportunity to 
study pregnancy outcomes across generations. The large 
sample size and long follow-up allowed us to evaluate as-
sociations stratified by in utero exposure to specific preg-
nancy complications among twin-born and singleton-born 
women. Changes to the data recording system over the years 
are unlikely to impact the reporting of singleton or multi-
ple gestations over time. Linked pregnancy complications 
across a woman's reproductive life are necessary for studies 
such as this one, but using linked birth registry data does 
have limitations. Data on covariates relevant to the mother's 
own birth (i.e. her mother's smoking or BMI, chorionicity of 
twins) were not collected. Given the analysis of a woman's 
whole reproductive course, we did not take into account in-
termediate factors (smoking, inter-pregnancy interval) that 
may predict specific adverse outcomes, but which will vary 
for each pregnancy. We did take into account factors that 
may be associated with the woman's own birth (mother's ed-
ucation, decade of birth). However, in a sensitivity analysis, 
we also accounted for woman's education along with their 
total number of pregnancies as a surrogate for the oppor-
tunity to experience adverse pregnancy outcomes. We saw 
very little change in the estimates with these adjustments. 
Further, there is no large difference in reproduction of 
twin- or singleton-born women. In our population, 77% of 
twin-born women had a recorded pregnancy as compared 
with 84% of singleton-born women. Finally, for the esti-
mates which showed decreased risk of adverse outcomes for 
twins within strata of their own in utero exposure we have 
provided E-values. The E-values for these estimates ranged 
from 2.1 to 2.2 when women were stratified according to in 
utero exposure to pre-eclampsia and 1.4 to 1.7 when women 
were stratified according to preterm birth, suggesting that 
unmeasured confounding of such strength would be needed 
to move these point estimates to the null.

5 | CONCLUSION

Despite the fact that twin-born women are more often ex-
posed to adverse pregnancy outcomes in utero, the risk 
of pre-eclampsia, preterm delivery and perinatal loss in 

twin-born women is not increased in their own pregnancies 
compared with singleton-born women. Twin-born women 
exposed to pre-eclampsia in utero had a reduced risk of pre-
eclampsia, preterm delivery or perinatal loss in their own 
pregnancies compared with singleton-born women exposed 
to pre-eclampsia in utero. Preterm twin-born women had 
no increased risk of pre-eclampsia or perinatal loss in their 
own pregnancies and a reduced risk of preterm delivery 
compared with preterm singleton-born women.
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We found similar patterns when looking at later preterm 
delivery among preterm twin- and singleton-born women. 
Together with prior literature, this supports the theory that 
pregnancy complications in twin pregnancies have both 
similar and distinct origins compared with singleton preg-
nancies. For instance, studies indicate that the placental 
size in twin pregnancies may worsen placental perfusion, 
leading to increased complications such as pre-eclampsia in 
twin pregnancies.24,25 When the complications are due to 
the physical demands of the twin pregnancies, they may be 
less likely to be transferred to the next generation.

4.3  |  Strengths and limitations

Prospectively collected data provided the opportunity to 
study pregnancy outcomes across generations. The large 
sample size and long follow-up allowed us to evaluate as-
sociations stratified by in utero exposure to specific preg-
nancy complications among twin-born and singleton-born 
women. Changes to the data recording system over the years 
are unlikely to impact the reporting of singleton or multi-
ple gestations over time. Linked pregnancy complications 
across a woman's reproductive life are necessary for studies 
such as this one, but using linked birth registry data does 
have limitations. Data on covariates relevant to the mother's 
own birth (i.e. her mother's smoking or BMI, chorionicity of 
twins) were not collected. Given the analysis of a woman's 
whole reproductive course, we did not take into account in-
termediate factors (smoking, inter-pregnancy interval) that 
may predict specific adverse outcomes, but which will vary 
for each pregnancy. We did take into account factors that 
may be associated with the woman's own birth (mother's ed-
ucation, decade of birth). However, in a sensitivity analysis, 
we also accounted for woman's education along with their 
total number of pregnancies as a surrogate for the oppor-
tunity to experience adverse pregnancy outcomes. We saw 
very little change in the estimates with these adjustments. 
Further, there is no large difference in reproduction of 
twin- or singleton-born women. In our population, 77% of 
twin-born women had a recorded pregnancy as compared 
with 84% of singleton-born women. Finally, for the esti-
mates which showed decreased risk of adverse outcomes for 
twins within strata of their own in utero exposure we have 
provided E-values. The E-values for these estimates ranged 
from 2.1 to 2.2 when women were stratified according to in 
utero exposure to pre-eclampsia and 1.4 to 1.7 when women 
were stratified according to preterm birth, suggesting that 
unmeasured confounding of such strength would be needed 
to move these point estimates to the null.

5  |   CONCLUSION

Despite the fact that twin-born women are more often ex-
posed to adverse pregnancy outcomes in utero, the risk 
of pre-eclampsia, preterm delivery and perinatal loss in 

twin-born women is not increased in their own pregnancies 
compared with singleton-born women. Twin-born women 
exposed to pre-eclampsia in utero had a reduced risk of pre-
eclampsia, preterm delivery or perinatal loss in their own 
pregnancies compared with singleton-born women exposed 
to pre-eclampsia in utero. Preterm twin-born women had 
no increased risk of pre-eclampsia or perinatal loss in their 
own pregnancies and a reduced risk of preterm delivery 
compared with preterm singleton-born women.
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We found similar patterns when looking at later preterm 
delivery among preterm twin- and singleton-born women. 
Together with prior literature, this supports the theory that 
pregnancy complications in twin pregnancies have both 
similar and distinct origins compared with singleton preg-
nancies. For instance, studies indicate that the placental 
size in twin pregnancies may worsen placental perfusion, 
leading to increased complications such as pre-eclampsia in 
twin pregnancies.24,25 When the complications are due to 
the physical demands of the twin pregnancies, they may be 
less likely to be transferred to the next generation.

4.3  |  Strengths and limitations

Prospectively collected data provided the opportunity to 
study pregnancy outcomes across generations. The large 
sample size and long follow-up allowed us to evaluate as-
sociations stratified by in utero exposure to specific preg-
nancy complications among twin-born and singleton-born 
women. Changes to the data recording system over the years 
are unlikely to impact the reporting of singleton or multi-
ple gestations over time. Linked pregnancy complications 
across a woman's reproductive life are necessary for studies 
such as this one, but using linked birth registry data does 
have limitations. Data on covariates relevant to the mother's 
own birth (i.e. her mother's smoking or BMI, chorionicity of 
twins) were not collected. Given the analysis of a woman's 
whole reproductive course, we did not take into account in-
termediate factors (smoking, inter-pregnancy interval) that 
may predict specific adverse outcomes, but which will vary 
for each pregnancy. We did take into account factors that 
may be associated with the woman's own birth (mother's ed-
ucation, decade of birth). However, in a sensitivity analysis, 
we also accounted for woman's education along with their 
total number of pregnancies as a surrogate for the oppor-
tunity to experience adverse pregnancy outcomes. We saw 
very little change in the estimates with these adjustments. 
Further, there is no large difference in reproduction of 
twin- or singleton-born women. In our population, 77% of 
twin-born women had a recorded pregnancy as compared 
with 84% of singleton-born women. Finally, for the esti-
mates which showed decreased risk of adverse outcomes for 
twins within strata of their own in utero exposure we have 
provided E-values. The E-values for these estimates ranged 
from 2.1 to 2.2 when women were stratified according to in 
utero exposure to pre-eclampsia and 1.4 to 1.7 when women 
were stratified according to preterm birth, suggesting that 
unmeasured confounding of such strength would be needed 
to move these point estimates to the null.

5  |   CONCLUSION

Despite the fact that twin-born women are more often ex-
posed to adverse pregnancy outcomes in utero, the risk 
of pre-eclampsia, preterm delivery and perinatal loss in 

twin-born women is not increased in their own pregnancies 
compared with singleton-born women. Twin-born women 
exposed to pre-eclampsia in utero had a reduced risk of pre-
eclampsia, preterm delivery or perinatal loss in their own 
pregnancies compared with singleton-born women exposed 
to pre-eclampsia in utero. Preterm twin-born women had 
no increased risk of pre-eclampsia or perinatal loss in their 
own pregnancies and a reduced risk of preterm delivery 
compared with preterm singleton-born women.
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We found similar patterns when looking at later preterm 
delivery among preterm twin- and singleton-born women. 
Together with prior literature, this supports the theory that 
pregnancy complications in twin pregnancies have both 
similar and distinct origins compared with singleton preg-
nancies. For instance, studies indicate that the placental 
size in twin pregnancies may worsen placental perfusion, 
leading to increased complications such as pre-eclampsia in 
twin pregnancies.24,25 When the complications are due to 
the physical demands of the twin pregnancies, they may be 
less likely to be transferred to the next generation.

4.3 | Strengths and limitations

Prospectively collected data provided the opportunity to 
study pregnancy outcomes across generations. The large 
sample size and long follow-up allowed us to evaluate as-
sociations stratified by in utero exposure to specific preg-
nancy complications among twin-born and singleton-born 
women. Changes to the data recording system over the years 
are unlikely to impact the reporting of singleton or multi-
ple gestations over time. Linked pregnancy complications 
across a woman's reproductive life are necessary for studies 
such as this one, but using linked birth registry data does 
have limitations. Data on covariates relevant to the mother's 
own birth (i.e. her mother's smoking or BMI, chorionicity of 
twins) were not collected. Given the analysis of a woman's 
whole reproductive course, we did not take into account in-
termediate factors (smoking, inter-pregnancy interval) that 
may predict specific adverse outcomes, but which will vary 
for each pregnancy. We did take into account factors that 
may be associated with the woman's own birth (mother's ed-
ucation, decade of birth). However, in a sensitivity analysis, 
we also accounted for woman's education along with their 
total number of pregnancies as a surrogate for the oppor-
tunity to experience adverse pregnancy outcomes. We saw 
very little change in the estimates with these adjustments. 
Further, there is no large difference in reproduction of 
twin- or singleton-born women. In our population, 77% of 
twin-born women had a recorded pregnancy as compared 
with 84% of singleton-born women. Finally, for the esti-
mates which showed decreased risk of adverse outcomes for 
twins within strata of their own in utero exposure we have 
provided E-values. The E-values for these estimates ranged 
from 2.1 to 2.2 when women were stratified according to in 
utero exposure to pre-eclampsia and 1.4 to 1.7 when women 
were stratified according to preterm birth, suggesting that 
unmeasured confounding of such strength would be needed 
to move these point estimates to the null.

5 | CONCLUSION

Despite the fact that twin-born women are more often ex-
posed to adverse pregnancy outcomes in utero, the risk 
of pre-eclampsia, preterm delivery and perinatal loss in 

twin-born women is not increased in their own pregnancies 
compared with singleton-born women. Twin-born women 
exposed to pre-eclampsia in utero had a reduced risk of pre-
eclampsia, preterm delivery or perinatal loss in their own 
pregnancies compared with singleton-born women exposed 
to pre-eclampsia in utero. Preterm twin-born women had 
no increased risk of pre-eclampsia or perinatal loss in their 
own pregnancies and a reduced risk of preterm delivery 
compared with preterm singleton-born women.

AUTHOR CONTRIBUTIONS
PB, RS, LGK and QEH contributed to study design. PB per-
formed the data analysis. RS, LGK, QH, LMS, N-HM, AS, 
KK contributed critical comments to the analysis. RS is 
guarantor for data quality. PB wrote the first draft of the 
paper. LGK, QEH, LMS, N-HM, KK, AS contributed to the 
revision. All authors agree with the final version of the paper.

ACKNO​WLE​DGE​MENTS
The Medical Birth Registry of Norway provided data for the 
analysis.

FUNDING INFORMATION
This study was financially supported by The European 
Research Council under the European Union's Horizon 
2020 Research and Innovation Program (ERC advanced 
grant 2018, agreement No 833076). The Norwegian Research 
Centre for Women's Health at Oslo University Hospital also 
contributed with financial support by adding human re-
sources. This research was supported in part by the NIH, 
National Institute of Environmental Health Sciences.

CONFLICT OF INTEREST STATEMENT
None declared.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are avail-
able from Norwegian Institute of Public Health. Restrictions 
apply to the availability of these data, which were used under 
licence for this study. Data are available from https://​www.​
fhi.​no/​en/​hn/​healt​h-​regis​ tries/medical-birth-registry-of-
norway/medical-birth-registry-ofnorway/ with the permis-
sion of the Norwegian Institute of Public Health.

ORCID
Prativa Basnet  https://orcid.org/0000-0001-9022-9957 
Rolv Skjærven  https://orcid.org/0000-0002-2983-1233 
Quaker E. Harmon  https://orcid.
org/0000-0002-5866-848X 
Linn Marie Sørbye  https://orcid.
org/0000-0002-3726-5198 
Nils-Halvdan Morken  https://orcid.
org/0000-0002-8256-0778 
Aditi Singh  https://orcid.org/0000-0002-2302-1723 
Kari Klungsøyr  https://orcid.org/0000-0003-2482-1690 
Liv Grimstvedt Kvalvik  https://orcid.
org/0000-0001-6520-9057 

 1
47

10
52

8,
 0

, D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//o

bg
yn

.o
nl

in
el

ib
ra

ry
.w

ile
y.

co
m

/d
oi

/1
0.

11
11

/1
47

1-
05

28
.1

76
90

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

B
E

R
G

E
N

, W
ile

y 
O

nl
in

e 
L

ib
ra

ry
 o

n 
[1

3/
11

/2
02

3]
. S

ee
 th

e 
T

er
m

s 
an

d 
C

on
di

tio
ns

 (
ht

tp
s:

//o
nl

in
el

ib
ra

ry
.w

ile
y.

co
m

/te
rm

s-
an

d-
co

nd
iti

on
s)

 o
n 

W
ile

y 
O

nl
in

e 
L

ib
ra

ry
 f

or
 r

ul
es

 o
f 

us
e;

 O
A

 a
rt

ic
le

s 
ar

e 
go

ve
rn

ed
 b

y 
th

e 
ap

pl
ic

ab
le

 C
re

at
iv

e 
C

om
m

on
s 

L
ic

en
se

8 |   BASNET et al.

We found similar patterns when looking at later preterm 
delivery among preterm twin- and singleton-born women. 
Together with prior literature, this supports the theory that 
pregnancy complications in twin pregnancies have both 
similar and distinct origins compared with singleton preg-
nancies. For instance, studies indicate that the placental 
size in twin pregnancies may worsen placental perfusion, 
leading to increased complications such as pre-eclampsia in 
twin pregnancies.24,25 When the complications are due to 
the physical demands of the twin pregnancies, they may be 
less likely to be transferred to the next generation.

4.3 | Strengths and limitations

Prospectively collected data provided the opportunity to 
study pregnancy outcomes across generations. The large 
sample size and long follow-up allowed us to evaluate as-
sociations stratified by in utero exposure to specific preg-
nancy complications among twin-born and singleton-born 
women. Changes to the data recording system over the years 
are unlikely to impact the reporting of singleton or multi-
ple gestations over time. Linked pregnancy complications 
across a woman's reproductive life are necessary for studies 
such as this one, but using linked birth registry data does 
have limitations. Data on covariates relevant to the mother's 
own birth (i.e. her mother's smoking or BMI, chorionicity of 
twins) were not collected. Given the analysis of a woman's 
whole reproductive course, we did not take into account in-
termediate factors (smoking, inter-pregnancy interval) that 
may predict specific adverse outcomes, but which will vary 
for each pregnancy. We did take into account factors that 
may be associated with the woman's own birth (mother's ed-
ucation, decade of birth). However, in a sensitivity analysis, 
we also accounted for woman's education along with their 
total number of pregnancies as a surrogate for the oppor-
tunity to experience adverse pregnancy outcomes. We saw 
very little change in the estimates with these adjustments. 
Further, there is no large difference in reproduction of 
twin- or singleton-born women. In our population, 77% of 
twin-born women had a recorded pregnancy as compared 
with 84% of singleton-born women. Finally, for the esti-
mates which showed decreased risk of adverse outcomes for 
twins within strata of their own in utero exposure we have 
provided E-values. The E-values for these estimates ranged 
from 2.1 to 2.2 when women were stratified according to in 
utero exposure to pre-eclampsia and 1.4 to 1.7 when women 
were stratified according to preterm birth, suggesting that 
unmeasured confounding of such strength would be needed 
to move these point estimates to the null.

5 | CONCLUSION

Despite the fact that twin-born women are more often ex-
posed to adverse pregnancy outcomes in utero, the risk 
of pre-eclampsia, preterm delivery and perinatal loss in 

twin-born women is not increased in their own pregnancies 
compared with singleton-born women. Twin-born women 
exposed to pre-eclampsia in utero had a reduced risk of pre-
eclampsia, preterm delivery or perinatal loss in their own 
pregnancies compared with singleton-born women exposed 
to pre-eclampsia in utero. Preterm twin-born women had 
no increased risk of pre-eclampsia or perinatal loss in their 
own pregnancies and a reduced risk of preterm delivery 
compared with preterm singleton-born women.
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We found similar patterns when looking at later preterm 
delivery among preterm twin- and singleton-born women. 
Together with prior literature, this supports the theory that 
pregnancy complications in twin pregnancies have both 
similar and distinct origins compared with singleton preg-
nancies. For instance, studies indicate that the placental 
size in twin pregnancies may worsen placental perfusion, 
leading to increased complications such as pre-eclampsia in 
twin pregnancies.24,25 When the complications are due to 
the physical demands of the twin pregnancies, they may be 
less likely to be transferred to the next generation.

4.3 | Strengths and limitations

Prospectively collected data provided the opportunity to 
study pregnancy outcomes across generations. The large 
sample size and long follow-up allowed us to evaluate as-
sociations stratified by in utero exposure to specific preg-
nancy complications among twin-born and singleton-born 
women. Changes to the data recording system over the years 
are unlikely to impact the reporting of singleton or multi-
ple gestations over time. Linked pregnancy complications 
across a woman's reproductive life are necessary for studies 
such as this one, but using linked birth registry data does 
have limitations. Data on covariates relevant to the mother's 
own birth (i.e. her mother's smoking or BMI, chorionicity of 
twins) were not collected. Given the analysis of a woman's 
whole reproductive course, we did not take into account in-
termediate factors (smoking, inter-pregnancy interval) that 
may predict specific adverse outcomes, but which will vary 
for each pregnancy. We did take into account factors that 
may be associated with the woman's own birth (mother's ed-
ucation, decade of birth). However, in a sensitivity analysis, 
we also accounted for woman's education along with their 
total number of pregnancies as a surrogate for the oppor-
tunity to experience adverse pregnancy outcomes. We saw 
very little change in the estimates with these adjustments. 
Further, there is no large difference in reproduction of 
twin- or singleton-born women. In our population, 77% of 
twin-born women had a recorded pregnancy as compared 
with 84% of singleton-born women. Finally, for the esti-
mates which showed decreased risk of adverse outcomes for 
twins within strata of their own in utero exposure we have 
provided E-values. The E-values for these estimates ranged 
from 2.1 to 2.2 when women were stratified according to in 
utero exposure to pre-eclampsia and 1.4 to 1.7 when women 
were stratified according to preterm birth, suggesting that 
unmeasured confounding of such strength would be needed 
to move these point estimates to the null.

5 | CONCLUSION

Despite the fact that twin-born women are more often ex-
posed to adverse pregnancy outcomes in utero, the risk 
of pre-eclampsia, preterm delivery and perinatal loss in 

twin-born women is not increased in their own pregnancies 
compared with singleton-born women. Twin-born women 
exposed to pre-eclampsia in utero had a reduced risk of pre-
eclampsia, preterm delivery or perinatal loss in their own 
pregnancies compared with singleton-born women exposed 
to pre-eclampsia in utero. Preterm twin-born women had 
no increased risk of pre-eclampsia or perinatal loss in their 
own pregnancies and a reduced risk of preterm delivery 
compared with preterm singleton-born women.
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We found similar patterns when looking at later preterm 
delivery among preterm twin- and singleton-born women. 
Together with prior literature, this supports the theory that 
pregnancy complications in twin pregnancies have both 
similar and distinct origins compared with singleton preg-
nancies. For instance, studies indicate that the placental 
size in twin pregnancies may worsen placental perfusion, 
leading to increased complications such as pre-eclampsia in 
twin pregnancies.24,25 When the complications are due to 
the physical demands of the twin pregnancies, they may be 
less likely to be transferred to the next generation.

4.3 | Strengths and limitations

Prospectively collected data provided the opportunity to 
study pregnancy outcomes across generations. The large 
sample size and long follow-up allowed us to evaluate as-
sociations stratified by in utero exposure to specific preg-
nancy complications among twin-born and singleton-born 
women. Changes to the data recording system over the years 
are unlikely to impact the reporting of singleton or multi-
ple gestations over time. Linked pregnancy complications 
across a woman's reproductive life are necessary for studies 
such as this one, but using linked birth registry data does 
have limitations. Data on covariates relevant to the mother's 
own birth (i.e. her mother's smoking or BMI, chorionicity of 
twins) were not collected. Given the analysis of a woman's 
whole reproductive course, we did not take into account in-
termediate factors (smoking, inter-pregnancy interval) that 
may predict specific adverse outcomes, but which will vary 
for each pregnancy. We did take into account factors that 
may be associated with the woman's own birth (mother's ed-
ucation, decade of birth). However, in a sensitivity analysis, 
we also accounted for woman's education along with their 
total number of pregnancies as a surrogate for the oppor-
tunity to experience adverse pregnancy outcomes. We saw 
very little change in the estimates with these adjustments. 
Further, there is no large difference in reproduction of 
twin- or singleton-born women. In our population, 77% of 
twin-born women had a recorded pregnancy as compared 
with 84% of singleton-born women. Finally, for the esti-
mates which showed decreased risk of adverse outcomes for 
twins within strata of their own in utero exposure we have 
provided E-values. The E-values for these estimates ranged 
from 2.1 to 2.2 when women were stratified according to in 
utero exposure to pre-eclampsia and 1.4 to 1.7 when women 
were stratified according to preterm birth, suggesting that 
unmeasured confounding of such strength would be needed 
to move these point estimates to the null.

5 | CONCLUSION

Despite the fact that twin-born women are more often ex-
posed to adverse pregnancy outcomes in utero, the risk 
of pre-eclampsia, preterm delivery and perinatal loss in 

twin-born women is not increased in their own pregnancies 
compared with singleton-born women. Twin-born women 
exposed to pre-eclampsia in utero had a reduced risk of pre-
eclampsia, preterm delivery or perinatal loss in their own 
pregnancies compared with singleton-born women exposed 
to pre-eclampsia in utero. Preterm twin-born women had 
no increased risk of pre-eclampsia or perinatal loss in their 
own pregnancies and a reduced risk of preterm delivery 
compared with preterm singleton-born women.
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Table S1. Adjusted relative risks (aRRs*) with 95% confidence intervals (CIs) for preeclampsia, 

preterm delivery (<37 weeks) and perinatal loss** in twin-born women compared with singleton-

born women.  

Women 

born 

  Adverse outcomes in own pregnancy 

  Preeclampsia   

Preterm delivery 

(<37 weeks)   

Perinatal 

loss**  

N n (%) 

aRR* (95% 

CI¤)  n (%) aRR* (95% CI¤)  n (%) aRR* (95% CI¤) 

Singleton 

492 

894 

32 091 

(6.5) 1  

49 263 

(10.0) 1  

7 290 

(1.5) 1 

          

Twin 

9 

184 

597 

(6.5) 

1.01 (0.93-

1.09)  

876 

(9.5) 0.97 (0.91-1.04)  

135 

(1.5) 1.05 (0.89-1.25) 
¤CI: Confidence Interval 

*aRRs obtained by generalized linear models with log link binomial distribution. Analyses were adjusted for twin-born and 

singleton-born women’s own decade of birth, her mother’s education, her total number of pregnancies and her own educational 

attainment. 

** Miscarriages, stillbirth, and early neonatal deaths <7 days of life. 
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