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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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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 

K E Y W O R D S
CVD mortality, maternal survival, Norway, population-based study, twin pregnancy

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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4  |    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.

Women with twin and singleton pregnancies in Norway, first pregnancy 1967-2013 
N=1 072 688

EXCLUSIONS 

Women with naturally conceived twin and singleton pregnancies  
n=1 051 814 

EXPOSURE: Lifetime reproductive history

n=974 892 

Of which 5 699 women died before 70 years of age from ASCVD 

Including: 

Women with first singleton and twin pregnancy 
later+ n=16 712 

Women with only one twin pregnancy 
n=5 643

Women with only one singleton pregnancy
n=173 480 

Women with two singleton pregnancies 
n=499 684 

Women with first twin and continued reproduction 
n=5 604 

Women with three singleton pregnancies
n=273 769 

(reference category) 

Women with ART  
n=20 874 

Women with other than the six
categories of reproductive history* 

 n= 76 922 

Women with four singletons 
(n=63 756), triplets in first 
pregnancy (n=204), singleton in 
the first and triplets in second 
pregnancy (n=131) were 
excluded. 

 13653016, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ppe.12928 by U

niversity O
f O

slo C
entral 340, W

iley O
nline L

ibrary on [07/11/2022]. 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



    |  5BASNET 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 

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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6  |    BASNET et al.

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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    |  7BASNET et al.

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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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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