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Abstract
Objective: To investigate whether intervening miscarriages and induced abortions 
impact the associations between interpregnancy interval after a live birth and ad-
verse pregnancy outcomes.
Design: Population-based cohort study.
Setting: Norway.
Participants: A total of 165 617 births to 143 916 women between 2008 and 2016.
Main outcome measures: We estimated adjusted relative risks for adverse pregnancy 
outcomes using log-binomial regression, first ignoring miscarriages and induced 
abortions in the interpregnancy interval estimation (conventional interpregnancy 
interval estimates) and subsequently accounting for intervening miscarriages or in-
duced abortions (correct interpregnancy interval estimates). We then calculated the 
ratio of the two relative risks (ratio of ratios, RoR) as a measure of the difference.
Results: The proportion of short interpregnancy interval (<6 months) was 4.0% in 
the conventional interpregnancy interval estimate and slightly increased to 4.6% in 
the correct interpregnancy interval estimate. For interpregnancy interval <6 months, 
compared with 18–23 months, the RoR was 0.97 for preterm birth (PTB) (95% confi-
dence interval [CI] 0.83–1.13), 0.97 for spontaneous PTB ( 95% CI 0.80–1.19), 1.00 for 
small-for-gestational age ( 95% CI 0.86–1.14), 1.00 for large-for-gestational age (95% 
CI 0.90–1.10) and 0.99 for pre-eclampsia (95% CI 0.71–1.37). Similarly, conventional 
and correct interpregnancy intervals yielded associations of similar magnitude 
between long interpregnancy interval (≥60 months) and the pregnancy outcomes 
evaluated.
Conclusion: Not considering intervening pregnancy loss due to miscarriages or in-
duced abortions, results in negligible difference in the associations between short 
and long interpregnancy intervals and adverse pregnancy outcomes.
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1  |   I N TRODUC TION

Both short and long interpregnancy intervals (IPIs) are as-
sociated with increased risk of adverse pregnancy and neo-
natal outcomes.1–14 The World Health Organization (WHO) 
therefore recommends that women wait a minimum of 
24 months following a live birth and 6 months following a 
miscarriage or induced abortion before attempting to be-
come pregnant again.15 These recommendations were based 
on observational studies conducted before 2005, indicating 
greater risks of adverse pregnancy outcomes.3,9 However, 
the applicability of these recommendations in high-income 
countries has recently been challenged.10,16 The WHO has 
acknowledged caveats of their recommendations due to the 
limited evidence, which is mainly from low- and middle-
income countries.15 For example, the recommendations for 
interval after miscarriage or induced abortion was based on 
a single study conducted in Latin America where access to 
abortion services was significantly different from that in 
other countries.3

In Norway, approximately 13% of recognised pregnancies 
end in a miscarriage and 18% end in an induced abortion,17 
which is consistent with reports from other European coun-
tries.18,19 Most previous studies that have investigated the 
association between IPI after a live birth and adverse preg-
nancy outcomes calculated IPI as the time between a birth 
and the subsequent pregnancy lasting at least 20 weeks of 
gestation,10,20–22 without being able to consider intervening 
pregnancies ending in a miscarriage or induced abortion due 
to lack of this information in population registries.10,16,20,22,23 
Ignoring intervening pregnancies ending in miscarriages and 
induced abortions at earlier gestations results in an overesti-
mation of the IPI. However, there is a dearth of studies on the 
influence of intervening pregnancy events on the estimated 
risks of adverse pregnancy outcomes according to IPI after a 
live birth except for one study from the USA.24

In Norway, data on miscarriages and induced abor-
tions are available through national health registries. The 
objective of this study was to explore whether intervening 
miscarriages and induced abortions impact the associa-
tions between IPI after a live birth and adverse pregnancy 
outcomes.

2  |   M ETHODS

2.1  |  Study design and data sources

We conducted a retrospective cohort study using three 
mandatory national Norwegian registries: the Medical 
Birth Registry of Norway (birth registry),25 the Norwegian 

Patient Registry and the general practitioner database,26 and 
identified registered pregnancies with an estimated date of 
conception between 1 January 2008 and 31 December 2016. 
The birth registry includes mandatory notifications on 
pregnancies in Norway ending after 12 gestational weeks 
and therefore provides information on live births, still-
births, late miscarriages and late induced abortions. The 
patient and general practitioner registries provided infor-
mation on induced abortions and miscarriages irrespec-
tive of gestational week, also including those that occurred 
prior to 12 gestational weeks. In our study, a fetal death at 
20 gestational weeks or later or with a birthweight of ≥400 g 
was considered a stillbirth, whereas fetal deaths prior to 20 
gestational weeks with a birthweight <400 g were defined as 
miscarriages.

2.2  |  Study population

From the medical birth registry, we identified 531 898 live 
births. We excluded 366 259 of these live births that were 
not followed by a subsequent birth. In this study, the index 
birth was defined as the birth before the IPI. After exclud-
ing observations with missing information for maternal 
age (n = 12) or birth outcomes (n = 11), we included 165 617 
births (n = 165 089 live births, n = 528 stillbirths) following 
live births for the final analysis (Figure 1).

2.3  |  Exposure ascertainment

Interpregnancy interval (IPI) after a live birth was the 
focus of the study. We created two different IPI esti-
mates. Consistent with previous literature, a conventional 
IPI was estimated as the time between the date of a live 
birth and date of the conception (date of birth minus ges-
tational age) of the subsequent live or stillbirth. This IPI 
estimate ref lects the commonly used approach in those 
studies based on cohorts that lack information on mis-
carriages or induced abortions.27 We considered ‘correct 
IPI’ as IPI estimated from a cohort of births with no in-
tervening miscarriages and induced abortions, which is 
consistent with the WHO definition for interpregnancy 
interval27 (Figure S1). We categorised IPI into six catego-
ries: <6, 6–11, 12–17, 18–23, 24–59, and ≥60 months. An 
IPI of 18–23 months was considered as a reference cat-
egory partly informed previous studies and recommen-
dations from the American College of Obstetricians and 
Gynecologists which indicated an IPI <18 months as an 
interval with increased risk of adverse perinatal and ma-
ternal outcomes.13,16,20,28

Tweetable abstract: Not considering pregnancy loss in interpregnancy interval es-
timation resulted no meaningful differences in observed risks of adverse pregnancy 
outcomes.
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2.4  |  Intervening events

In this study, we considered miscarriages and induced abor-
tions occurring between two births to be intervening events. 
The information for miscarriages and induced abortions 
was obtained from both the patient and general practitioner 
databases. In the patient registry, hospital discharges are 
coded according to International Classification of Diseases 
(ICD) version 10. For miscarriages, the following ICD-10 
codes were considered: hydatidiform mole (O01); blighted 
ovum and nonhydatidiform mole (O02.0); missed abor-
tion (O02.1); other specified abnormal products of concep-
tion (O02.8); abnormal product of conception, unspecified 
(O02.9); spontaneous abortion (O03); threatened abortion 
(O20.0). Induced abortions were identified by the following 
ICD-10 codes: medical abortion (O04), other abortion (O05) 
and unspecified abortion (O06).

The general practitioner database is coded according to 
the International Classification of Primary Care (ICPC-2). 
The following ICPC-2 codes were used to capture miscar-
riages before 12 completed gestational weeks: bleeding in 
pregnancy (W03) and spontaneous abortion (W82).

A detailed description of the miscarriage and induced 
abortion ascertainment and data linkage procedures is 
givend in Appendix S1.

2.5  |  Outcomes

We evaluated the risk of five adverse pregnancy out-
comes: preterm birth (PTB), spontaneous PTB, small-for-
gestational age (SGA), large-for-gestational age (LGA) and 
pre-eclampsia. We chose these outcomes as they have been 
associated with either or both short and long IPIs follow-
ing a live birth.6,22,29,30 The measurement of gestational age 
was largely based on ultrasound estimates and based on 
last menstrual period when ultrasound estimates were not 
available. PTB was defined as birth <37 completed weeks of 

gestation. Spontaneous PTB was defined as PTB with spon-
taneous onset of labour. SGA and LGA were defined as a 
birthweight in the lowest or highest 10th percentiles among 
all births during the study period, respectively, based on 
the gestational week and sex-specific distributions of birth-
weight among all pregnancies ending after 20 completed 
gestational weeks registered in the birth registry between 
1980 and 2017. Pre-eclampsia was defined as any registration 
of pre-eclampsia, eclampsia or HELLP syndrome (haemoly-
sis, elevated liver enzymes and low platelet count).

2.6  |  Statistical analysis

For each outcome, we estimated the associations using 
the conventional IPI estimates (IPI ignoring miscarriages 
or induced abortions) and the correct IPI estimates (IPI 
estimated based on two live births with no intervening 
miscarriages or induced abortions). We used log-binomial 
regression to estimate unadjusted and adjusted relative 
risk (aRR) and 95% confidence intervals (95% CI) for the 
association between IPI and the adverse pregnancy out-
comes. Multivariable models adjusted for potential con-
founders identified based on literature and availability in 
the databases. These included maternal age at delivery of 
the index (pre-interval) birth in years (categorical: <20, 
20–24, 25–29, 30–34, 35–39 and ≥40 years), parity (cat-
egorical: one, two, three or more), and year of birth (con-
tinuous). We used robust cluster variance estimation to 
account for women who contributed more than one birth 
in the analysis. The difference in the associations using 
the two different IPI estimates was estimated by calculat-
ing the ratio of ratios (RoR): the aRR with conventional 
IPI divided by aRR with correct IPI. The 95% CI for the 
RoR was estimated using the Monte Carlo method.31 An 
RoR of 1 indicates identical risk estimates, with no differ-
ence in the estimates associations after accounting inter-
vening miscarriages or induced abortions. We conducted 

F I G U R E  1   Flow chart for study cohort selection.

Pregnancies with livebirths and at least 
one IPI (n= 165,639)

Pregnancies with births ending after 20 
weeks of gestation  

with date of birth between 2008-2016 (n = 
531,898)

Exclusion 

Index (pre-interval) births not 
followed by subsequent 
pregnancies lasting at least 20 
weeks of gestation (n=366,259)

Pregnancies with IPI starting after Jan 1st

2008 and before 31st Dec 2016 
n= 165,617 (n women = 143,916) 

Missing maternal age (n=12), and 
missing pregnancy outcome (n=10)
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sensitivity analyses where we included further adjustment 
for pre-pregnancy body mass index (BMI) (categorical: 
BMI ≥25 kg/m2 versus BMI <25 kg/m2) and smoking dur-
ing pregnancy (categorical: yes/no) for those births where 
this information was available. Note that providing self-
reported information on these two lifestyle characteristics 
in the birth registry is voluntary.

We conducted supplementary analysis estimating the 
risks of adverse pregnancy outcomes considering ‘modified 
IPI’, which re-estimated the IPI by taking the time between 
a miscarriage or induced abortion and the estimated date of 
conception of the subsequent pregnancy ending in a birth 
for those women who had such intervening pregnancy loss. 
We then estimated RoR comparing the risk estimates using 
modified IPI and the risk estimates using conventional IPI. 
Whenever more than one miscarriage or induced abortion 
occurred between two births, we considered the one closet 
to the next pregnancy that lasted at least to 20 weeks of ges-
tation. All analyses were conducted using STATA version 16 
(StataCorp, College Station, TX, USA).

3  |   R E SU LTS

3.1  |  Maternal characteristics at the time of 
the index birth

Our cohort included 165 617 births to 143 916 women fol-
lowing live births, with births between 2008 and 2016. The 
mean age at delivery was 31 years (interquartile range [IQR] 
28–34) and two-thirds (66.1%) were parity zero (no previous 
birth) at the time of birth of the index pregnancy (maternal 
characteristics are given in Table 1).

3.2  |  Intervening miscarriages and induced 
abortions between two births

There were 21 756 (13.1%) pregnancies with intervening mis-
carriages (n  =  16 147) or induced abortions (n  =  5609) be-
tween live births and subsequent pregnancies ending at least 
20 weeks of gestation. The proportion of births with short 
IPI (<6 months) was 4.0% (n = 6658) under the conventional 
IPI estimate and 4.6% (n = 6612) in the correct IPI estimate 
restricted to births from women with no intervening mis-
carriages and induced abortions. However, the proportion 
of long IPI (≥60 months) was 3.9% (n = 6411) under the con-
ventional IPI estimate, which decreased to 3% (n  =  4244) 
in the correct IPI estimate (Table  1, Figure  2). About 19% 
(n = 4034) of IPIs included had at least two miscarriages or 
induced abortions (Table S1).

For short IPI (<6 months), the RoR was 0.97 for PTB (95% 
CI 0.83–1.13), 0.97 for spontaneous PTB (95% CI 0.80–1.19), 
1.00 for SGA (95% CI 0.90–1.14), 1.00 for LGA (95% CI 0.90– 
1.10) and 0.99 for pre-eclampsia (95% CI 0.71–1.37) using the 
conventional IPI—only marginally different from RoR using 
the correct IPI estimates (Table 2).

For longer IPI categories (>60 months), not considering 
miscarriages and induced abortions in the estimation of 
IPI also resulted in negligible difference in the associations 
with PTB (RoR = 0.94, 95% CI 0.79–1.13), spontaneous PTB 
(RoR  =  0.94, 95%  =  CI: 0.74, 1.20), and SGA (RoR  =  1.02, 
95% = CI: 0.88, 1.18), LGA (RoR = 0.99, 95% CI 0.89, 1.10) 
and pre-eclampsia (RoR = 0.99, 95% CI 0.74, 1.33) s (Table 2). 
Adjustment for pre-pregnancy BMI and smoking during 

T A B L E  1   Distribution of characteristics of women at the time of 
index birth with an estimated date of conception between 2008 and 2016

Variable

Conventional IPIa 
(n = 165 617)

Correct IPIb 
(n = 143 861)

n (%) n (%)

Maternal age (years)

14–19 4236 (2.56) 3167 (2.20)

20–24 33 443 (20.19) 28 378 (19.73)

25–29 65 633 (39.63) 58 027 (40.34)

30–34 48 343 (29.19) 42 556 (29.58)

35–39 12 976 (7.83) 10 903 (7.58)

≥40 986 (0.60) 830 (0.58)

Median (IQR) 31 (28–34) 31 (28–34)

Parity

0 110 792 (66.9) 96 864 (67.33)

1 39 628 (23.93) 34 059 (23.67)

2+ 15 197 (9.18) 12 938 (8.99)

Maternal pre-pregnancy body mass index (kg/m2)c

<25 53 864 (32.52) 47 212 (32.82)

≥25 24 493 (14.79) 21 423 (14.89)

Missing 87 260 (52.69) 75 226 (52.29)

Smoking during pregnancyd

No 127 126 (76.76) 111 402 (77.44)

Yes 13 384 (8.08) 10 791 (7.50)

Missing 25 107 (15.16) 21 668 (15.06)

Birth year

2008 29 882 (18.04) 25 090 (17.44)

2009 29 340 (17.72) 24 800 (17.24)

2010 27 960 (16.88) 23 933 (16.64)

2011 25 381 (15.33) 22 090 (15.36)

2012 22 838 (13.78) 20 130 (13.99)

2013 17 841 (10.77) 16 139 (11.22)

2014 10 201 (6.16) 9570 (6.65)

2015 2167 (1.31) 2102 (1.46)

2016 7 (0.00) 7 (0.00)

Abbreviation: IQR, interquartile range.
aConventional IPI: IPI estimated between the date of a live birth and date of 
subsequent conception resulted in live or stillbirth.
bCorrect IPI: IPI estimated from a live birth to date of subsequent conception that 
resulted in live or stillbirth for two births with no intervening miscarriages and/or 
induced abortions.
cRegistration started in 2006.
dRegistration started in 1999.
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pregnancy for those births with available information 
(n = 72 022) did not alter the RoRs estimates (Table S2).

Our supplementary analyses using the modified IPI that 
re-estimated IPI for births with intervening miscarriages 
or induced abortions showed slight changes in the relative 
risks of PTB (RoR = 1.08; 95% CI 0.94–1.24), spontaneous 
PTB (RoR = 1.15; 95% CI 0.96–1.37) and SGA (ROR = 1.07; 
95% CI 0.95–1.22), LGA (RoR = 0.98; 95% CI 0.90–1.06) and 
pre-eclampsia (RoR = 0.78, 95% CI 0.59–1.01) for births after 
short IPI (<6 months) in the conventional IPI estimates. For 
longer IPI categories (≥60 months), ignoring miscarriages or 
induced abortions in the estimation of IPI (i.e. conventional 
IPI) did not change the results in the risks of pregnancy out-
comes in the conventional IPI estimates (Table S3).

4  |   DISCUSSION

4.1  |  Main findings

This study used unique linked data from three national 
registries in Norway to examine the effect of intervening 
pregnancy loss due to miscarriages and induced abortions 
occurring between two births on the association between 
short or long IPI after a live birth and adverse pregnancy 
outcomes. Conventional (i.e. not considering intervening 
miscarriages or induced abortions) and corrected (account-
ing for these intervening pregnancy events) estimation of 
IPI resulted in negligible difference to the observed effects of 
both short and long IPIs on the adverse pregnancy outcomes.

4.2  |  Comparison with other studies

Only one previous study has been conducted on this topic;24 
that study was conducted in the USA and compared the risk 

of only PTB across different IPI estimates.24 Although the 
authors of the US study estimated IPI from two live births 
with no intervening miscarriages or induced abortions, the 
authors did not compare their results with IPI estimated 
after ignoring these events to replicate the approach typically 
adopted in IPI studies that are unable to obtain information 
on miscarriages or induced abortions. Therefore, the result 
from the US study is not directly comparable to our study, as 
we compared risk estimates by computing the conventional 
and correct IPIs. The US study compared the risks of PTB 
and five IPIs estimated by considering the time between 
two pregnancies ending as miscarriages, induced abortions, 
stillbirths and live births in either one or both of these preg-
nancies. Moreover, the US study was based on a relatively 
smaller sample size (n  =  6421 live or stillbirths compared 
with n = 165 617 live or stillbirths in our study) which pro-
vided a smaller number of PTB across the IPI categories.

4.3  |  Research implications

Our results indicate that not considering intervening 
miscarriages or induced abortions during IPI estima-
tion after a live birth resulted in negligible difference 
in the risks of adverse pregnancy outcomes. Previous 
findings have showed a lower risk of adverse pregnancy 
outcomes following miscarriages.32–34 Given that most 
miscarriages and induced abortions occur early in preg-
nancy (<12 weeks of gestation),35,36 the magnitude of 
nutritional depletion attributed to these outcomes may 
be relatively small. However, a study in Latin America 
showed that short IPI after pregnancies with miscarriages 
and induced abortions might be associated with adverse 
pregnancy outcomes, despite that study being criticised 
for not distinguishing between induced and spontane-
ous abortions in the analysis.37 In our study, although 

F I G U R E  2   Distributions for conventional and correct interpregnancy intervals for the index pregnancy outcomes with an estimated date of 
conception between 2008 and 2016.
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at least one miscarriage or induced abortion intervened 
in 13% of IPIs, the change in the estimated proportion 
of short (<6 months) IPI before and after accounting for 

intervening pregnancy events was relatively small (4.0% 
in the conventional IPI versus 4.6% in the correct IPI). 
Given the small difference in the number of observations 

T A B L E  2   Unadjusted and adjusted relative risk for the associations between conventional and corrected interpregnancy interval and adverse 
pregnancy outcomes

Outcome

Conventional IPIa (n = 166 617) Correct IPIb (n = 143 861)

RoR (95% CI)fNo. of cases (%) cRR (95% CI) aRR (95% CI)e No. of cases (%) cRR (95% CI) aRR(95% CI)e

PTB (n = 166 617) n = 143 861

<6 months 445 (6.68) 1.70 (1.53–1.89) 1.58 (1.42–1.76) 436 (6.59) 1.75 (1.57–1.96) 1.63 (1.46–1.82) 0.97 (0.83–1.13)

6–11 months 1095 (4.69) 1.19 (1.10–1.29) 1.14 (1.05–1.24) 1033 (4.58) 1.22 (1.12–1.33) 1.16 (1.07–1.27) 0.97 (0.86–1.10)

12–17 months 1285 (3.90) 0.99 (0.92–1.07) 0.98 (0.90–1.06) 1166 (3.81) 1.01 (0.93–1.10) 1.00 (0.92–1.08) 0.98 (0.87–1.10)

18–23 months 1161 (3.94) Ref Ref 984 (3.76) Ref Ref Ref

24–59 months 3054 (4.57) 1.16 (1.09–1.24) 1.15 (1.07–1.23) 2312 (4.31) 1.15 (1.06–1.23) 1.14 (1.06–1.23) 1.01 (0.91–1.13)

≥60 months 398 (6.21) 1.58 (1.41–1.76) 1.50 (1.33–1.68) 262 (6.17) 1.64 (1.44–1.87) 1.59 (1.38–1.82) 0.94 (0.79–1.13)

Spontaneous PTB (n = 162 471)c n = 141 282c

<6 months 283 (4.36) 1.92 (1.67–2.20) 1.80 (1.57–2.07) 277 (4.29) 1.98 (1.72–2.28) 1.85 (1.61–2.14) 0.97 (0.80–1.19)

6–11 months 673 (2.94) 1.29 (1.16–1.46) 1.24 (1.12–1.39) 638 (2.88) 1.33 (1.19–1.48) 1.28 (1.14–1.43) 0.97 (0.83–1.15)

12–17 months 770 (2.38) 1.05 (0.94–1.16) 1.04 (0.94–1.15) 700 (2.32) 1.07 (0.96–1.20) 1.06 (0.95–1.18) 0.98 (0.85–1.14)

18–23 months 658 (2.27) Ref Ref 558 (2.17) Ref Ref Ref

24–59 months 1690 (2.58) 1.14 (1.04–1.24) 1.12 (1.02–1.22) 1298 (2.47) 1.14 (1.03–1.25) 1.13 (1.02–1.25) 0.99 (0.87–1.14)

≥60 months 218 (3.50) 1.54 (1.33–1.79) 1.44 (1.23–1.68) 143 (3.47) 1.50 (1.33–1.92) 1.53 (1.27–1.85) 0.94 (0.74–1.20)

SGA (n = 165 586)d n = 143 837d

<6 months 484 (7.27) 1.24 (1.12–1.36) 1.23 (1.11–1.35) 480 (7.26) 1.25 (1.13–1.38) 1.23 (1.12–1.36) 1.00 (0.86–1.14)

6–11 months 1481 (6.35) 1.08 (1.01–1.15) 1.07 (1.00–1.15) 1431 (6.34) 1.09 (1.02–1.17) 1.08 (1.01–1.16) 0.99 (0.90–1.09)

12–17 months 2032 (6.18) 1.05 (0.99–1.12) 1.05 (0.99–1.12) 1868 (6.10) 1.05 (0.98–1.12) 1.04 (0.98–1.11) 1.01 (0.92–1.10)

18–23 months 1733 (5.88) Ref Ref 1524 (5.83) Ref Ref Ref

24–59 months 4333 (6.49) 1.10 (1.05–1.16) 1.10 (1.05–1.17) 3421 (6.37) 1.09 (1.03–1.16) 1.10 (1.04–1.17) 1.00 (0.92–1.08)

≥60 months 508 (7.92) 1.35 (1.23–1.48) 1.34 (1.21–1.47) 322 (7.59) 1.30 (1.16–1.46) 1.31 (1.18–1.47) 1.02 (0.88–1.18)

LGA (n = 166 689)d n = 143 837d

<6 months 818 (12.29) 0.95 (0.88–1.02) 0.93 (0.87–1.00) 812 (12.29) 0.94 (0.88–1.01) 0.93 (0.86–0.99) 1.00 (0.90–1.10)

6–11 months 2959 (12.71) 0.98 (0.93–1.02) 0.97 (0.92–1.01) 2868 (12.71) 0.98 (0.93–1.02) 0.96 (0.92–1.01) 1.01 (0.95–1.08)

12–17 months 4316 (12.57) 0.97 (0.93–1.01) 0.97 (0.93–1.01) 3885 (12.69) 0.98 (0.93–1.01) 0.97 (0.93–1.01) 1.00 (0.94–1.06)

18–23 months 3824 (12.97) Ref Ref 3403 (13.01) Ref Ref Ref

24–59 months 9062 (13.56) 1.05 (1.01–1.08) 1.03 (1.00–1.07) 7337 (13.67) 1.05 (1.01–1.09) 1.04 (1.00–1.08) 0.99 (0.94–1.04)

≥60 months 893 (13.93) 1.07 (1.00–1.15) 1.04 (0.97–1.12) 603 (14.21) 1.09 (1.01–1.18) 1.05 (0.97–1.14) 0.99 (0.89–1.10)

Pre-eclampsia (n = 166 617) n = 143 861

<6 months 84 (1.26) 0.77 (0.62–0.98) 0.80 (0.64–1.01) 84 (1.27) 0.79 (0.62–0.99) 0.81 (0.64–1.03) 0.99 (0.71–1.37)

6–11 months 318 (1.36) 0.84 (0.73–0.96) 0.84 (0.73–0.97) 305 (1.35) 0.84 (0.72–0.97) 0.84 (0.73–0.98) 1.00 (0.81–1.23)

12–17 months 493 (1.50) 0.92 (0.81–1.04) 0.92 (0.81–1.03) 450 (1.47) 0.91 (0.80–1.04) 0.91 (0.80–1.04) 1.01 (0.85–1.21)

18–23 months 480 (1.63) Ref Ref 422 (1.61) Ref Ref Ref

24–59 months 1246 (1.86) 1.15 (1.03–1.27) 1.15 (1.03–1.28) 974 (1.81) 1.12 (1.00–1.26) 1.13 (1.01–1.27) 1.01 (0.85–1.17)

≥60 months 150 (2.34) 1.44 (1.20–1.72) 1.43 (1.19–1.72) 99 (2.33) 1.45 (1.16–1.80) 1.44 (1.15–1.79) 0.99 (0.74–1.33)

Abbreviation: aRR, adjusted relative risk; CI, confidence interval; cRR, crude relative risk; IPI, interpregnancy interval; LGA, large-for-gestational age; PTB, preterm birth; 
RoR, ratio of ratio; SGA, small-for-gestational age.
aConventional IPI: IPI estimated between the date of a live birth and date of subsequent conception resulted in live or stillbirth.
bCorrect IPI: IPI estimated from a live birth to date of subsequent conception that resulted in live or stillbirth for two births with no intervening miscarriages and/or induced 
abortions.
cBirths with non-spontaneous preterm outcomes were excluded when defining spontaneous PTB.
dBirths with no information for birthweight and sex were excluded when defining SGA/LGA.
eAdjustment for maternal age, parity and birth year at the time of index birth.
fRatio between aRR using conventional IPI estimate and aRR using correct IPI estimate.
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in the short IPI categories, our finding of negligible dif-
ferences in the risk estimates between the conventional 
and correct IPI estimates and risks of adverse pregnancy 
outcomes is not surprising. Our result may imply that any 
differences in the risk of adverse pregnancy outcomes 
after short IPI following a live birth when taking into ac-
count intervening miscarriages or induced abortions may 
depend on the magnitude of these events in the population 
of interest. A previous study reported that the association 
between IPI and adverse birth outcomes may differ after 
stillbirth,38 compared with after live births. However, it 
remains to be established whether such differences ref lect 
different underlying biological mechanisms or underly-
ing differences between the cohort of women who expe-
rience pregnancy loss and those who progress to have a 
live birth.16 Therefore, future studies need to investigate 
the level of intervening events that could impact the risk 
estimates of adverse pregnancy outcomes associated with 
short or long IPI. Our sensitivity analysis re-estimating 
IPI considering intervening miscarriages or induced 
abortions as starting points for IPI estimation, showed 
slight reductions in the risk of PTB, spontaneous PTB and 
SGA compared with the conventional estimate. Although 
there were some differences in the proportion of observa-
tions in the long IPI categories between conventional and 
correct IPI estimates, we observed minimal differences in 
the risk estimates, suggesting that pregnancy loss plays a 
minimal role in inf luencing the association between long 
IPI and adverse pregnancy outcomes.

4.4  |  Strengths and limitations

The strengths of our study lie in the inclusion of all births, 
and early miscarriages and induced abortions from na-
tional health registries in Norway. All consultations and 
care in the public health system are free to pregnant 
women, and these consultations are mandatorily reported 
to the national health registries. We believe our data cap-
tures most recognised pregnancies in Norway, including 
those ending in the first trimester. Still, the very early and 
unrecognised pregnancies are not included and some re-
sidual bias exists with regard to the risks of adverse preg-
nancy outcomes, as very short pregnancies are missed. It 
is important to consider some potential confounders, such 
as socio-economic status, pregnancy intention and part-
ner changes, when measuring risks for adverse pregnancy 
outcomes.39–41 These are likely to differ between women 
with longer pregnancies and women with miscarriages or 
induced abortions, but were unfortunately not available in 
our dataset, which is based on health registries. However, 
our sensitivity analysis adjusting for pre-pregnancy BMI 
and smoking during pregnancy indicated no significant 
differences. Although in the IPIs there could potentially 
be other pregnancy losses such as ectopic pregnancies, we 
limited intervening events to miscarriages and induced 
abortions. It is also noteworthy that defining pregnancy 

outcomes based on administrative codes in the registries 
might have inherent limitations that resulted in missing 
intervening miscarriages or induced abortions due to our 
inability to confirm the outcome by clinical examinations. 
In our study, we included women with at least two preg-
nancies occurring in less than a decade, which provided 
a relatively smaller proportion of births with long IPI; a 
smaller proportion of women with long IPI might thus be 
represented.

5  |   CONCLUSIONS

Our results indicate that not considering intervening 
pregnancy loss resulted in no meaningful differences in 
the observed risk of adverse pregnancy outcomes associ-
ated with short and long IPIs following live births. Our 
findings are reassuring for researchers estimating IPI 
without accounting for intervening miscarriages or in-
duced abortions when there is no available information 
on these events.
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