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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 492894 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.
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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.' There is accumulating evidence
that exposure to complications in utero may influence later
health.*” Pre-eclampsia is a pregnancy-specific condition
characterised by elevated blood pressure and proteinuria.®
Both preterm delivery and pre-eclampsia are associated
with increased risk of later maternal health consequences;”®
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.”™
Twin gestations are associated with higher occurrence
of adverse pregnancy outcomes such as pre-eclampsia,
preterm delivery and perinatal loss.""** 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 | Datasource

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.'* 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."” 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 50years, 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.

24 | 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
>0.3g/24hours or 21+ on dip-stick) after 20 weeks of ges-
tation, the criteria corresponding to the Norwegian Society
of Gynaecology and Obstetrics.'® Preterm delivery was de-
fined as pregnancies <37 completed weeks of gestations.
Perinatal losses included miscarriages (16-21 weeks), still-
births (222 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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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 recommended'” methods for pre-
senting RR for these strata. Further, we obtained E-values'®
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.
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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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Twin- and singleton-born women registered in the Medical Birth Registry of Norway

1967-2005
N =549 489
Excluded:
»  First pregnancies not
- registered in the MBRN*
n=29 837

Twin-born women with own pregnancies
during 1981-2020
n=9568

Singleton-born women with own
pregnancies during 1981-2020
n=510 084

twin-born women
n=384

Excluded:
- «  Higher order
pregnancies to

Q

Excluded:

- * Higher order
pregnancies to

singleton-born

women
n=17190

Twin-born women with singleton
pregnancies during 1981-2020
n=9184

Singleton-born women with singleton
pregnancies during 1981-2020
n =492 894

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).

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.” ' 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;”** however,
less is known for twin-born women. Although we see ev-
idence for an increased inter-generational recurrence risk
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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.”**® 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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