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1  | INTRODUC TION

Meta- analyses of observational studies have demonstrated that 
short interpregnancy interval (the time interval between delivery 

and estimated last menstrual period of a subsequent pregnancy) in-
creases the risk of adverse obstetrical outcomes, including small for 
gestational age (SGA) birth.1,2 This has led national and international 
organisations such as the World Health Organization to recommend 
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Abstract
Background: Previous studies have demonstrated that short interpregnancy interval 
(the interval between delivery and estimated last menstrual period of a subsequent 
pregnancy) is associated with small for gestational age birth. It is controversial if this 
association is causal, as few studies have accounted for likely confounding factors 
such as unintended pregnancy. We examined the association between interpreg-
nancy interval and infant birthweight, adjusting for pregnancy intention and other 
socio- economic and obstetrical risk factors.
Methods: We used data from the Scandinavian Successive Small- for- Gestational- 
Age births study (1986- 1988). Birthweight was expressed as a gestational age- 
standardised z- score.
Results: Among 1406 women, a trend towards lower birthweight z- score with short 
interpregnancy interval was not statistically significant (unadjusted difference in 
birthweight z-	score	of	−0.25,	95%	confidence	interval	(CI)	−0.55,	0.05).	After	adjust-
ing for pregnancy intention, detailed measures of socio- economic status, and other 
covariates, the estimated magnitude of effect between interpregnancy interval and 
birthweight z- score was further attenuated (adjusted difference in birthweight z- 
score	of	−0.13,	95%	CI	−0.46,	0.20).
Conclusions: In this cohort study with detailed information on pregnancy intention 
and socio- economic status, short interpregnancy interval was not associated with 
lower birthweight. These findings suggest that previously observed associations be-
tween short interpregnancy interval and lower birthweight may reflect confounding 
by socio- economic and/or other unmeasured confounders.
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interpregnancy intervals of at least 18- 24 months following a live-
birth3,4 and at least 6 months following a miscarriage or induced 
abortion.3

Despite these recommendations, it is controversial if the link 
between interpregnancy interval and adverse outcomes is actually 
causal.5 Previous studies adjusted their analyses for some demo-
graphic and socio- economic risk factors such as age, parity, race/
ethnicity, and smoking status,6 but it is unlikely that these variables 
fully captured the circumstances or conditions that influence both 
interpregnancy interval and adverse obstetrical outcomes. In par-
ticular, a large fraction of pregnancies conceived after a short in-
terpregnancy interval are unintended,7 and unintended pregnancy is 
also a risk factor for preterm birth, low birthweight, SGA birth, and 
other adverse obstetrical outcomes.8,9 Pregnancy intention, socio- 
economic and obstetrical risk factors, and interpregnancy interval 
may affect separate, partially overlapping, or completely overlapping 
pathways towards increased risk for SGA birth. However, few previ-
ous studies have examined the association between short interpreg-
nancy interval and SGA birth, accounting for potential confounding 
by pregnancy intention. Disentangling the consequences of short 
interpregnancy interval on adverse obstetrical outcomes from the 
contributions of pregnancy intention and other socio- economic in-
fluences is critical for informing evidence- based public health poli-
cies and clinical recommendations for family planning.

The aim of this study was to examine the association between short 
interpregnancy interval and infant birthweight, adjusted for pregnancy 
intention and other socio- economic and obstetrical risk factors.

2  | METHODS

2.1 | Study population

We conducted a cohort study using data from the U.S. National 
Institute of Child Health and Human Development Scandinavian 
Successive Small- for- Gestational- Age births study.10 This multicen-
tre prospective cohort recruited mothers and children from three 
counties in Norway and Sweden from 1986 to 1988. Women were 
eligible for enrolment if they had a singleton pregnancy and had 1 
or 2 previous births greater than 20 weeks’ gestation (live or still-
born), were of Caucasian origin, spoke one of the Scandinavian lan-
guages, and were registered by the study centre before 20 weeks’ 
gestation. Of the women who were eligible and attended the first 
study	visit	(N	=	5722),	a	10%	random	sample	(n	=	561)	was	selected	
to represent the general population of multiparae women. Of the re-
maining participants, those with any of the following risk factors for 
SGA birth were selected to be in the study group: a prior low birth-
weight infant, maternal cigarette smoking around the time of con-
ception, a low prepregnancy weight, a previous perinatal death, or 
the presence of a chronic maternal disease (renal disease, essential 
hypertension, or heart disease). Among women who reported ciga-
rette	smoking	around	the	time	of	conception,	50%	were	randomly	
selected to the study group. A total of 1945 women were invited for 

detailed visits at 17, 25, 33, and 37 weeks’ gestation, as well as for 
collection of birth and neonatal outcomes.

Gestational age was calculated based on either the reported last 
menstrual period (LMP) or the obstetric gestational age determined by 
ultrasound at approximately 17 weeks’ gestation. The reported LMP 
was used if it could be recalled within 3 days. Biparietal diameter (BPD) 
at the first study visit (approximately 17 weeks’ gestation) was used to 
date the pregnancy if the discrepancy between the estimated dates of 
delivery based on LMP and BPD was more than 14 days, or if the LMP 
could not be recalled. Prior low birthweight infant was defined as a 
prior first birth of a female<2700 g, or male less than 2800 g; or prior 
second birth of a female less than 2800 g or male less than 2900 g 
(accounting for increased expected birthweight of a second child).10

The analyses conducted in the current study were restricted 
to women who did not have an intervening abortion (ie induced or 
spontaneous delivery prior to 20 weeks’ gestation) between births 
defining the interpregnancy interval examined.

2.2 | Exposures and outcomes

The primary exposure was interpregnancy interval, which was de-
fined as the time in completed months from the date of birth of 
the previous child (live or stillborn) to the beginning of the current 
pregnancy. The beginning of the current pregnancy was calculated 
as either the reported last menstrual period or the beginning of the 
gestation as determined by the first ultrasound (at approximately 
17 weeks’ gestation). Interpregnancy interval was categorically de-
fined as less than 12 months, 12- 17.9 months, 18- 23.9 months, and 
greater than or equal to 24 months, based on previous reports of a 
reverse J- shaped association with SGA birth.1

Details of the previous pregnancy and current socio- economic 
characteristics were self- reported at the first study visit. Pregnancy 
intention and details describing maternal social support were self- 
reported at the third study visit (approximately 33 weeks’ gestation). 
Regarding pregnancy intention, participants were asked: “Was this 
pregnancy planned?” and those who answered “yes” were classified 
as having a planned pregnancy whereas those who answered “no” 
were classified as having an unplanned pregnancy.

The primary outcome was birthweight- for- gestational age z- 
score based on an internal standard created from the random sample 
(n = 561). The z- scores were created by expressing fetal weight as a 
function of gestational age using a multilevel model,11 which esti-
mated the average population growth pattern throughout gestation 
and variability in growth between fetuses.12 SGA birth is commonly 
used as a proxy for fetal growth restriction and is typically defined as 
an estimated fetal weight or birthweight less than the tenth percen-
tile.13 In the randomly selected group, this corresponded to a birth-
weight z-	score	of	<−1.28.12 However, we used birthweight z- score as 
continuous outcome since we aimed to examine the biological con-
tinuum of fetal growth, and clinical relevance of SGA is limited by the 
fact that it does not differentiate between fetuses which are constitu-
tionally small vs those which are pathologically small.13,14 To address 
this limitation, we conducted a sensitivity analysis using the outcome 
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of conditional birthweight z- scores. Conditional birthweight z- scores 
identified newborns who deviated from their anticipated individual 
growth trajectory, by comparing their weight at birth to that expected 
based on ultrasound estimated fetal weights at 25 and 33 weeks’ ges-
tation.12 Thus, they better describe fetal growth instead of fetal size. 
Conditional z- scores were calculated using the same internal standard 
used to calculate birthweight- for- gestational age z- scores using previ-
ously described methods.11

2.3 | Statistical analyses

A directed acyclic graph (DAG) based on existing literature was created 
to represent the putative causal pathway between short interpreg-
nancy interval and poor fetal growth.15 Based on the DAG, covari-
ates fulfilling the minimally sufficient adjustment set were selected. 
The DAG was created using DAGitty version 2.3.16 Multivariable 

regression was used to calculate the crude and adjusted difference in 
birthweight z-	scores	with	95%	confidence	intervals.	Individuals	who	
were missing data for demographic or socio- economic variables were 
included under a missing category. The reference interpregnancy in-
terval category of 18- 23 months was used since previous literature 
suggests this interval has the lowest risk for SGA birth.1 Estimated 
birthweight z- scores by interpregnancy interval were calculated with 
95%	confidence	intervals.	Sensitivity	analyses	were	performed	using	
conditional birthweight z- scores as stated above. Since pregnancy in-
tention was collected at approximately 33 weeks’ gestation, we also 
conducted a sensitivity analysis excluding those delivering prior to 
33 weeks’ gestation. All analyses were completed using Stata version 
15.1.17

To reflect the general population of women who were eligible for 
the study, we accounted for the oversampling of high- risk women in 
the study’s enrolment by utilising frequency weights. These weights 

F IGURE  1 Directed acyclic graph representing the putative relationship between interpregnancy interval and SGA birth. Appendix A 
provides a rationale for the inclusion and inter- relationships between variables
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were based on the original Scandinavian Successive Small- for- 
Gestational- Age study inclusion criteria (as noted above). Therefore, 
each participant who was selected through the random sample of 
the population counted for 10 women, each participant who smoked 
around the time of conception counted for two women, and each 
participant who had a specific risk factor for SGA counted for one 
woman in the descriptive analyses and our regression models.

3  | RESULTS

3.1 | Directed acyclic graph

Based on previous literature, the directed acyclic graph contained 
the following maternal factors: parity, income, education, occupa-
tion, maternal age, smoking status, previous stillbirth or neonatal 
death, maternal morbidity, unintended pregnancy, maternal stress, 
and maternal BMI. Factors were classified as those influencing the 
exposure (short interpregnancy interval), those influencing the out-
come (poor fetal growth), and those influencing both the exposure 
and the outcome (see Figure 1, or Appendix A for classification as-
sumptions). The minimally sufficient adjustment set included ma-
ternal age, parity, income, education, occupation, smoking status, 

previous stillbirth or neonatal death, and unintended pregnancy. 
These factors were therefore used as covariates in our multivariable 
regression models.

3.2 | Description of the cohort

A total of 1945 women were followed in the original Scandinavian 
Successive Small- for- Gestational- Age births study.10 Among these, 
300 participants were excluded since their most recent pregnancy 
was an abortion less than 20 weeks’ gestation. A further 239 women 
were missing data required to calculate interpregnancy interval 
(n = 238) or birthweight z- score (n = 1). This left a total of 1406 par-
ticipants available for the current analyses.

Baseline characteristics are summarised in Tables 1 and 2. 
The mean age of participants was 25.7 years, and the majority of 
participants were para 1. The average gestational age at delivery 
was 280 days (40 weeks) and the mean birthweight was 3578 g. 
Forty- three per cent of women reported smoking around the time 
of conception of the current pregnancy, and the proportion of 
those who smoked was consistent across interpregnancy interval 
categories.	Approximately	3%	of	women	 reported	a	 stillbirth	or	
neonatal death in their previous pregnancy. Stillbirth or neonatal 

TABLE  1 Descriptive characteristics of the Scandinavian Successive Small- For- Gestational- Age Birth cohort, 1986- 88: Demographics, 
birth outcomes, obstetrical risk factorsa

Total 
N = 1406

Interpregnancy interval, months

<12 
n = 197

12–17 
n = 175

18–23 
n = 195

≥24 
n = 839

Demographics

Maternal age, mean years (SE)b 25.7 (0.1) 26.5 (0.4) 25.8 (0.3) 26.3 (0.3) 25.4 (0.2)

Parity,	%	

1 71.8 71.5 83.3 86.5 66.0

2 28.1 28.5 16.7 13.5 34.0

Birth Outcomes

GA at delivery, mean days (SE) 279.8 (0.4) 279.6 (1.1) 280.6 (1.1) 280.1 (0.7) 279.6 (0.6)

Birth weight, mean grams (SE) 3577.7 (21.7) 3587.0 (51.8) 3552.3 (53.8) 3673.3 (56.7) 3559.4 (29.3)

Stillbirth	or	neonatal	death,	%	 2.1 1.0 0.1 3.1 2.5

Obstetrical Risk factors

Maternal	smoking	at	the	time	of	conception,	%

Yes 43.3 42.4 43.3 38.1 44.7

No 56.2 57.4 56.5 60.6 55.0

Missing 0.4 0.3 0.1 1.4 0.3

Stillbirth or neonatal death in 
the	previous	pregnancy,	%

3.4 12.8 4.0 2.3 1.5

Was	this	pregnancy	planned,	%

Yes 70.7 43.1 63.5 74.5 77.4

No 18.2 40.3 17.8 15.3 14.3

Missing 11.0 16.6 18.7 10.2 8.4

aValues are weighted to account for oversampling of higher- risk women. 
bStandard error (SE) values are presented to correspond with weighted analysis. 
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death was more common among those with short interpregnancy 
intervals (<12 months and 12- 17 months) compared to those with 

longer interpregnancy intervals.

3.3 | Interpregnancy interval, pregnancy 
intention, and socio- economic status

Among	 the	 total	 cohort,	71%	per	 cent	of	women	 reported	 their	
current pregnancy as planned. Those with shorter interpregnancy 
intervals had lower rates of planned pregnancy compared to those 
with	 longer	 intervals:	 43%	 of	 pregnancies	were	 planned	 among	
those	with	 an	 interval	 of	 less	 than	12	months,	64%	of	pregnan-
cies	with	an	interval	of	12-	17	months,	75%	of	pregnancies	with	an	
interval	of	18-	23	months,	and	77%	of	pregnancies	with	an	 inter-
val of greater than or equal to 24 months (Table 1). The majority 

of participants reported that they would not be able to raise 
5000 Norwegian kroner (NOK; approximately equivalent to 800 
Canadian dollars) in 1 week, but still described their family’s eco-
nomic situation as “good” or “medium” (Table 2). However, among 
those	 with	 an	 interpregnancy	 interval	 of	 <12	months,	 8%	 re-
ported	having	a	“bad”	economic	situation,	compared	to	3%	among	
those	 with	 an	 interval	 of	 18-	23	months,	 and	 4%	 in	 the	 entire	
cohort. Approximately two- thirds of participants reported nine 
to 13 years of formal education, one- third reported more than 
13 years, and less than one per cent had fewer than 9 years of 
formal education. This was relatively consistent across interpreg-
nancy interval categories, although those with an interpregnancy 
interval of 18- 23 months had the greatest proportion of partici-
pants	with	more	than	13	years	of	formal	education	(43%).	Across	
interpregnancy interval categories, the majority of participants 

Total 
N = 1406

Interpregnancy interval, months

<12 
n = 197

12–17 
n = 175

18–23 
n = 195

≥24 
n = 839

Wealth

Able	to	raise	NOK	5000	in	1	week,	%	

Yes 8.2 5.8 9.1 9.8 8.2

No 84.3 82.2 75.5 85.0 86.5

Missing 7.5 11.9 15.4 5.2 5.3

Own	description	of	family’s	economic	situation,	%

Very good 7.2 5.8 6.8 7.5 7.6

Good 38.1 34.5 35.1 31.0 41.1

Medium 43.3 40.3 40.5 51.8 42.6

Bad 3.9 7.6 3.8 2.9 3.4

Missing 7.5 11.8 13.7 6.8 5.4

Education

Highest	maternal	education	level,	%

<9 years 0.9 1.9 0.4 0.1 1.1

9 + 1- 2 years (9- 11 
years)

42.0 43.2 36.7 36.3 44.3

9+3 years 18.6 11.4 25.4 16.4 19.2

Higher education, 
non- university

23.9 19.7 18.8 37.0 22.9

Higher education, 
university level

8.6 13.4 6.9 5.6 8.6

Missing 6.0 11.4 11.8 4.6 3.8

Occupation

Occupation,	%

Full time work 26.6 21.7 21.5 27.6 28.4

Part time work 43.0 30.9 41.6 47.3 44.9

Not working/ 
other

23.7 34.5 24.4 20.3 22.0

Missing 6.7 13.0 12.5 4.8 4.6

aValues are weighted to account for oversampling of higher- risk women. 

TABLE  2 Descriptive characteristics of 
the Scandinavian Successive Small- For- 
Gestational- Age Birth cohort, 1986- 88: 
Socioeconomic factorsa
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reported working outside the home either full time or part time. 
However,	35%	of	participants	with	an	interpregnancy	interval	of	
<12	months	reported	not	working,	compared	with	20%	of	partici-
pants	with	an	 interval	of	18-	23	months,	and	24%	of	participants	
in the entire cohort. In addition, bivariate analysis of demographic 
and socio- economic variables by pregnancy intention showed 
that those who were para 2, smoking around the time of concep-
tion, and reported less advantageous socio- economic positions 
were more likely to report their current pregnancy as unplanned  
(Table S1).

Factors which described maternal social support are summarised 
in Table 3. In the total cohort and across interpregnancy intervals, 
most participants reported being married and living with the father 
of the expected child. Among those who were married or living with 
the	father	of	the	expected	child,	85%	stated	their	partner	approved	
of	 the	 current	 pregnancy,	 with	 small	 variations	 (76%-	88%)	 across	
interpregnancy intervals. In the total cohort and across interpreg-
nancy	 intervals,	 the	majority	 of	women	 (>70%)	 reported	 having	 a	
person she regarded as a main support in the pregnancy, having a 
person that had her confidence during the pregnancy, and having 
a person who could give her a helping hand if needed. However, 
women	 with	 longer	 interpregnancy	 intervals	 (≥18	months)	 gener-
ally reported higher rates of these support variables compared to 
women with shorter intervals (<18 months). Across interpregnancy 
intervals,	 55-	61%	of	participants	 reported	 their	 partner	was	plan-
ning to take a care leave. Although two- thirds of women in the total 
cohort planned on taking a care leave themselves, the proportion 
of women planning to take a care leave increased with increasing 

interpregnancy interval.

3.4 | Primary outcomes

Compared to those with an interpregnancy interval of 18- 23 months, 
crude birthweight z-	score	was	−0.13	 lower	 (95%	CI	−0.47	to	0.21)	
for	 those	 with	 an	 interpregnancy	 interval	 of	 <12	months;	 −0.25	
lower	 (95%	 CI	 −0.55	 to	 0.05)	 with	 an	 interpregnancy	 interval	 of	
12-	17	months	and	−0.25	 lower	 (95%	CI	−0.52	 to	0.02)	with	an	 in-
terpregnancy interval of 24 months or more. When adjusted for 
maternal age, parity, maternal smoking, last pregnancy ending in 
stillbirth or neonatal death, and measures of financial means, edu-
cation, and occupation, the associations between interpregnancy 
interval and birthweight z- score were attenuated (adjusted birth-
weight z-	score	differences	of	−0.07,	−0.15,	and	−0.23	for	<12,	12-	17,	
and	≥24	months,	respectively).	For	an	infant	born	at	40	weeks,	these	
z-	score	differences	would	correspond	to	weight	differences	−31.9,	
−68.0,	 and	 −103.8	g,	 respectively.	 Additionally	 adjusting	 for	 preg-
nancy intention did not further attenuate the z- scores (Table 4). The 
crude and adjusted estimated mean birthweight z- scores are plotted 
in Figure 2 and displayed in Appendix B. Sensitivity analysis using 
conditional birthweight z- scores rather than birthweight z- scores 
produced similar conclusions (Appendices C and D). In addition, a 
sensitivity analysis excluding the 19 participants who delivered prior 
to 33 weeks’ gestation (and therefore prior to having information 

on pregnancy intention collected) did not meaningfully change our 

conclusions.

4  | COMMENT

4.1 | Principal findings

In this population- based cohort of women from countries with high 
social support and relatively low inequality,18 we found that short 
interpregnancy interval was not associated with a decrease in birth-
weight z- score. Adjusting for pregnancy intention, detailed socio- 
economic factors and obstetrical risk factors further attenuated the 
risk estimates.

4.2 | Strengths of the study

Our study has several strengths. First, the study was conducted in 
a setting where women have reasonably equitable access to health 
care and contraception.19 In addition, although maternal support 
variables were not adjusted for in our comparative analysis, our de-
scriptive analysis indicated that levels of social support were similar 
across interpregnancy interval categories. Finally, we were able to 
account for a large number of socio- economic and pregnancy risk 
factors, including pregnancy intention. Unintended pregnancy is an 
important potential confounder as it has been associated with both 
interpregnancy interval20 and small for gestational age birth.9 In ad-
dition, pregnancy intention may not be a time- invariant confounder 
which can be accounted for using within- woman analyses.21 In our 
study, controlling for unintended pregnancy in addition to other 
socio- economic and obstetrical risk factors did not alter the as-
sociation between interpregnancy interval and infant birthweight. 
This may be because unintended pregnancy does not significantly 
confound the relationship between interpregnancy interval and 
birthweight- for- gestational age in our cohort, or because the con-
founding effect of unintended pregnancy was already accounted for 
by our relatively uniform study population and ability to adjust for 
the other socio- economic factors. However, unintended pregnancy 
is a complex construct, including both unwanted and mistimed 
pregnancies.22 Our measure, which asked women if their current 
pregnancy was planned, may not have fully captured this construct, 
thus potentially limiting the interpretation of our results with regard 
to the effect of pregnancy intention. Finally, our primary results are 
corroborated by the analyses using conditional birthweight z- scores 
as an outcome, which may be a more accurate marker of poor fetal 
growth compared to measurement of birthweight alone.12

4.3 | Limitations of the data

Our study also has several limitations. The study size of 1406 women 
may have limited our ability to detect a significant association be-
tween interpregnancy interval and poor fetal growth. However, using 
birthweight z- score as a continuous variable makes type II error less 
likely.	 We	 excluded	 approximately	 12%	 of	 the	 initial	 Scandinavian	
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TABLE  3 Descriptive characteristics of the Scandinavian Successive Small- For- Gestational- Age Birth cohort, 1986- 88: Factors 
influencing maternal supporta

Total 
N = 1406

Interpregnancy interval, months

<12 
n = 197

12–17 
n = 175

18–23 
n = 195

≥24 
n = 839

Civil	Status,	%

Married 70.7 65.6 61.3 76.1 72.7

Cohabitating 22.1 21.3 25.5 18.8 22.3

Single 1.4 1.7 1.7 0.5 1.4

Missing 5.8 11.4 11.5 4.5 3.7

Person(s)	the	pregnant	woman	is	living	with,	%

Father of the child expected 92.2 86.9 84.0 95.0 94.5

Another man 0.03 0 0 0 0.06

Family (parents, sibling, other relatives) 0.2 1.5 0.3 0 0.03

Friends or in a collective, other 0.2 0.3 0 0 0.3

Missing 7.3 11.4 15.7 5.0 5.1

If	she	is	married/	lives	with	a	partner,	does	he	approve	of	this	pregnancy?,	%

No 0.8 0.3 0.3 0.5 1.0

Yes 84.8 76.4 76.5 87.2 87.9

Uncertain 3.3 6.0 4.1 1.9 2.9

Missing 11.1 17.3 19.1 10.4 8.2

Does	she	have	a	person	she	regards	as	a	support	for	this	pregnancy?,	%

No 5.0 3.8 4.5 10.9 3.9

Yes 81.7 74.2 72.9 78.0 86.1

Uncertain 2.3 5.2 3.5 0.8 1.7

Missing 11.0 16.7 19.0 10.2 8.3

Does	any	one	person	have	her	confidence?,	%

No 0.7 1.6 0 1.5 0.5

Yes 87.2 78.3 80.9 86.4 90.6

Uncertain 1.6 3.2 0.1 3.5 1.1

Missing 10.6 16.9 19.0 8.6 7.8

Does	she	have	any	one	person	who	can	give	her	a	helping	hand	if	needed?,	%

No 0.9 1.7 1.4 1.5 0.4

Yes 88.0 83.0 78.0 89.2 91.0

Uncertain 0.8 0.3 1.6 0.4 0.8

Missing 10.3 15.0 19.0 8.9 7.8

Does	her	partner	plan	to	take	a	care	leave?,	%

No 20.3 11.8 20.0 23.2 21.6

Yes 58.3 55.3 50.4 56.8 61.1

Don’t know 10.2 17.0 9.2 10.5 8.9

Missing 11.1 15.9 20.4 9.5 8.4

Does	the	pregnant	woman	plan	to	take	a	care	leave?,	%

No 0.6 0.6 1.4 0 0.5

Yes 62.1 47.7 54.0 62.8 66.9

Plan to quit working 3.8 6.3 5.1 6.1 2.4

Don’t know 2.0 0.4 0.6 4.0 2.1

Missing 31.6 45.0 39.0 27.1 28.1

aValues are weighted to account for oversampling of higher- risk women. 



O80  |     LIAUW et AL.

Successive Small- for- Gestational- Age births study population due 
to missing interpregnancy interval. The birthweight of the current 
pregnancy was similar among women for whom the interpregnancy 
interval was available, compared to those for whom it was missing. 
In general, those with a missing interpregnancy interval were more 
likely to be missing information on other study variables such as preg-
nancy intention and socio- economic characteristics. This may limit 
the generalisability of our results, if there were systematic differ-
ences in the association between interpregnancy interval and fetal 
size among those excluded due to missing data. In addition, within 
our	included	cohort	we	were	missing	data	on	11%	of	participants	re-
garding	pregnancy	intention	(Table	1)	and	on	6%-	7.5%	of	participants	
regarding socio- economic factors (Table 2). As a result, we cannot 
rule out residual confounding due to individuals with missing values 
for these variables. Although it is possible that the effect of a short 
interpregnancy interval on fetal growth may differ according to dif-
ferent maternal factors identified in our DAG (such as maternal age 
or socio- economic status), we did not test for possible effect meas-
ure modification in our analysis as we were likely underpowered to 
explore this given our sample size. In addition, the extent to which 

the prevalence of intended pregnancies in a population is linked with 
differences in the association between interpregnancy interval and 
fetal growth is unclear and warrants further investigation. Our analy-
sis is based on data collected between 1986 and 1988, which may 
limit the generalisability of our results to more contemporary popu-
lations. For example, the proportion of IPIs greater than or equal to 
24 months is higher in our study compared to a recent population- 
based	Norwegian	study	using	data	from	2006	to	2014	(60%	vs	37%,	
respectively),23 and we found a slightly longer mean IPI compared 
to a population- based study from the United States using data from 
2006 to 2010 (34 months vs 37 months, respectively).7 In addition, 
in	our	cohort,	70%	of	pregnancies	were	intended,	compared	to	49%	
of pregnancies in the United States in 2008,24	and	80%	of	pregnan-
cies in a cross- sectional European study of women attending routine 
prenatal care between 2008 and 2010.25 These variations may due to 
the inherent complexity of pregnancy intention which make it difficult 
to measure.22,25 However, our results are consistent with the recent 
study by Class et al.,26 which performed a sensitivity analysis that did 
not find significant cohort effects in a Scandinavian study population 
ranging from 1973 to 2009. In addition, previous studies have proposed 
possible causal mechanisms between short interpregnancy interval 
and adverse pregnancy outcomes, for example that maternal nutri-
tion remains depleted from a prior pregnancy after a short interval,27 
which would not be expected to exert differential effects at the time of 
the original study period compared to the time of our analyses. These 
mechanisms, however, may suggest that our results would not be gen-
eralisable to settings in which access to adequate nutrition is limited.

4.4 | Interpretation

Previous research has demonstrated conflicting results with re-
spect to associations between interpregnancy interval and SGA 
birth. A systematic review and meta- analysis by Conde- Agudelo 
et al.1 found interpregnancy intervals of less than 18 months and 
greater than 60 months to be significantly associated with small for 
gestational age birth, despite adjustment for at least maternal age 
and one marker of socio- economic status. However, a recent ex-
pert working group on birth spacing convened by the US office of 
population affairs concluded that many of the studies included in 
this review had serious methodological concerns.28 Several studies 

Interpregnancy 
interval, in months Model 1: Unadjusted Model 2a Model 3b

 Birthweight z-	score	regression	coefficient	(95%	CI)

<12 −0.13	(−0.47,	0.21) −0.07	(−0.46,	0.31) −0.05	(−0.47,	0.36)

12- 17 −0.25	(−0.55,	0.05) −0.15	(−0.46,	0.17) −0.13	(−0.46,	0.20)

18- 23 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

24 or more −0.25	(−0.52,	0.02) −0.23	(−0.50,	0.05) −0.23	(−0.52,	0.05)

aAdjusted for maternal age at last delivery, parity, smoking at time of conception, last pregnancy 
stillbirth or neonatal death, occupation, ability to raise 5000 NOK in 1 wk, rating of own/family 
wealth, education level. 
bAdjusted for all Model 2 covariates plus pregnancy intention. 

TABLE  4 Regression coefficients for 
birthweight z- score by interpregnancy 
interval category in the Scandinavian 
Successive Small- for- Gestational- Age 
Birth cohort, 1986- 88 (N = 1406)

F IGURE  2 Estimated mean birthweight z- score by 
interpregnancy interval category, before and after adjusting for 
maternal age at last delivery, parity, smoking at time of conception, 
last pregnancy stillbirth or neonatal death, occupation, can raise 
5000 NOK in 1 wk, rating of own/family wealth, pregnancy 
intention
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have since attempted to address possible confounding using within- 
woman and within- family analyses, which compare multiple inter-
pregnancy intervals in the same woman (ie between siblings), or 
in the same family (ie between first cousins). This approach aims 
to reduce confounding by factors that tend to remain consistent 
within one woman or family (eg socio- economic status). These 
studies found significantly attenuated or no associations between 
short interpregnancy interval and small for gestational age birth, 
suggesting that unmeasured confounding may account for the as-
sociations seen in previous studies.21,26,29 Comparing a traditional 
between- woman analysis with a within- woman analysis, Ball et al.21 
found that long interpregnancy intervals remained associated with 
small for gestational age birth while short interpregnancy intervals 
did not, suggesting that the impact of long interpregnancy intervals 
may not be fully explained by confounders that remain constant 
within the same woman across pregnancies. These findings were 
supported by Class et al,26 who found that despite within- woman 
analysis, within- family analysis, and controlling for post- birth in-
tervals, the associations between long interpregnancy intervals 
and small for gestational age birth remained significant while those 
between short interpregnancy intervals and small for gestational 
age birth were fully attenuated or showed reversed associations. 
Similarly, Hanley et al found that although short interpregnancy in-
tervals were associated with small for gestational age birth in tradi-
tional between- woman analyses, this association reversed direction 
without statistical significance in the within- woman analyses. In 
addition, they found short interpregnancy intervals to remain sig-
nificantly associated with gestational diabetes and obesity at the 
beginning of a subsequent pregnancy, in both between- woman and 
within- woman analyses.29 This may be relevant since both gesta-
tional diabetes and obesity have been linked to large for gestational 
age birth.30

Within- woman or within- family analyses may have limited gen-
eralisability as they are restricted to women who have had discrep-
ant birth outcomes among their second and third livebirth.21,26 
Our findings, which are estimated from a cohort derived through 
population- based recruitment in three Scandinavian counties, 
lend support to these previous studies which challenge the causal 
link between short interpregnancy interval and adverse perinatal 
outcomes.21,26,29

5  | CONCLUSION

Our study findings are compatible with the hypothesis that the as-
sociations between interpregnancy interval and poor fetal growth 
or small- for- gestational birth observed in previous studies may be 
due to uncontrolled confounding by socio- economic and obstetri-
cal risk factors. Our results support those found by previously pub-
lished within- woman and within- family analyses, and may overcome 
some limitations regarding generalisability inherent to these meth-
odologies. Our findings further support policy emphasis on reducing 
socio- economic and obstetrical risk factors instead of solely aiming 

to modify short interpregnancy intervals if subsequent pregnancies 
are desired.
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APPENDIX A
Assumptions about direct causes for formation of the directed acyclic graph

A.1 Assumptions about direct causes of short interpregnancy interval (exposure)

Cause
Reported association/
mechanism Mediator Direct cause label Mediator label Effect

Unintended 
pregnancy

Unintended pregnancy has 
been associated with 
short IPI, independent of 
age, educational 
attainment and income7,31

NA Unintend_preg NA Short_IPI

Low income Low income has been 
associated with short IPI 
independent of educa-
tional attainment or age31

NA Low_income NA Short_IPI

Low educational 
attainment

Low educational attain-
ment has been associated 
with short IPI31

NA Low_education NA Short_IPI

Low occupation class/
unemployment

Low occupation class/
unemployment has been 
associated with short IPI32

NA Low_occupation NA Short_IPI

Extreme maternal age Younger15-19 or older (>30) 
maternal age has been 
associated with short IPI7, 

32

NA Mat_age NA Short_IPI

Maternal morbidity Underlying maternal 
factors may contribute to 
previous loss, which may 
result in short IPI33

Previous fetal/
neonatal loss

Mat_morbid Prev_loss Short_IPI

Parity Short IPI has been 
associated with high 
parity7,32

NA High_Parity NA Short_IPI

Smoking Maternal smoking has been 
associated with short IPI32

NA Smoking NA Short_IPI

A.2 Assumptions about direct causes poor fetal growth/SGA birth (outcome)

Cause
Reported association/
mechanism Mediator Direct cause label Mediator label Effect

Unintended pregnancy Unintended pregnancy 
has been associated 
with SGA8,9

NA Unintend_preg NA SGA

Smoking Maternal smoking has 
been associated with 
SGA13

NA Smoking NA SGA

Low BMI Low prepregnancy BMI 
has been associated 
with SGA13

NA Low_BMI NA SGA

Low parity Low parity has been 
associated with SGA 
birth34

NA Low_parity NA SGA

Maternal stress Maternal distress is 
associated with SGA 
birth35

NA Mat_stress NA SGA

Low educational 
attainment

Low educational 
attainment has been 
associated with SGA 
birth36

NA Low_education NA SGA

(Continues)
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APPENDIX B
Estimated birthweight z- scores by interpregnancy interval category in the Scandinavian Successive Small- for- Gestational- Age Birth co-
hort, 1986- 88, (N = 1406)

Interpregnancy interval, in months Model 1: Unadjusted Model 2a Model 3b

Estimated birthweight z-	score	(95%	CI)

<12 −0.09	(−0.34,	0.17) −0.07	(−0.35,	0.21) −0.05	(−0.36,	0.26)

12- 17 −0.21	(−0.41,	−0.01) −0.14	(−0.35,	0.07) −0.13	(−0.35,	0.09)

18- 23 0.04	(−0.19,	0.27) −0.00	(−0.23,	0.24) −0.00	(−0.24,	0.24)

24 or more −0.21	(−0.36,	−0.06) −0.22	(−0.39,	−0.06) −0.23	(−0.40,	−0.06)
aAdjusted for maternal age at last delivery, parity, smoking at time of conception, last pregnancy stillbirth or neonatal death, occupation, ability to raise 
5000 NOK in 1 wk, rating of own/family wealth, education level. bAdjusted for all Model 2 covariates plus pregnancy intention. 

APPENDIX C
Regression coefficients for birthweight z- score (conditional on 25- wk ultrasound estimated fetal weight) by interpregnancy interval cate-
gory in the Scandinavian Successive Small- for- Gestational- Age Birth cohort, 1986- 88 (N = 1200), reference category 18- 23.9 mo

Interpregnancy interval, in months Model 1: Unadjusted Model 2a Model 3b

Conditional birthweight z-	score	regression	coefficient	(95%	CI)

<12 −0.19	(−0.54,	0.17) −0.24	(−0.59,	0.12) −0.20	(−0.59,	0.18)

12- 17 −0.25	(−0.60,	0.11) −0.23	(−0.58,	0.11) −0.23	(−0.57,	0.12)

24 or more −0.24	(−0.51,	0.04) −0.19	(−0.47,	0.08) −0.19	(−0.49,	0.07)
aAdjusted for maternal age at last delivery, parity, smoking at time of conception, last pregnancy stillbirth or neonatal death, occupation, ability 
to raise 5000 NOK in 1 wk, rating of own/family wealth, education level. bAdjusted for all Model 2 covariates plus pregnancy intention. 

Cause
Reported association/
mechanism Mediator Direct cause label Mediator label Effect

Low occupation class Low occupation class has 
been associated with 
SGA birth36

NA Low_occupation NA SGA

Low income Low income has been 
associated with SGA 
birth36

NA Low_income NA SGA

Extreme maternal age Young (<16) and old (>35) 
maternal age has been 
associated with SGA 
birth13

NA Mat_age NA SGA

Maternal morbidity Women with vascular 
morbidity (renal disease, 
heart disease, diabetes, 
hypertension) are more 
likely to have an SGA 
birth13

NA Mat_morbid NA SGA

IPI, interpregnancy interval; SGA, SGA birth

APPENDIX A (Continued)
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APPENDIX D
Regression coefficients for birthweight z- score by interpregnancy interval category (conditional on 33- wk ultrasound estimated fetal 
weight) in the Scandinavian Successive Small- for- Gestational- Age Birth cohort, 1986- 88 (N = 1222), reference category 18- 23 mo

Interpregnancy interval, months Model 1: Unadjusted Model 2a Model 3b

Conditional birthweight z-	score	regression	coefficient	(95%	CI)

<12 −0.17	(−0.49,	0.15) −0.21	(−0.54,	0.12) −0.21	(−0.55,	0.14)

12- 17 −0.28	(−0.60,	0.03) −0.29	(−0.61,	0.02) −0.29	(−0.60,	0.02)

24 or more −0.27	(−0.52,	−0.02) −0.28	(−0.54,	0.01) −0.28	(−0.54,	0.02)
aAdjusted for maternal age at last delivery, parity, smoking at time of conception, last pregnancy stillbirth or neonatal death, occupation, ability to raise 
5000 NOK in 1 wk, rating of own/family wealth, education level. bAdjusted for all Model 2 covariates plus pregnancy intention. 


