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Abstract

Background

AU : Pleaseconfirmthatallheadinglevelsarerepresentedcorrectly:The World Health Organization recommends to wait at least 6 months after miscarriage and

induced abortion before becoming pregnant again to avoid complications in the next preg-

nancy, although the evidence-based underlying this recommendation is scarce. We aimed

to investigate the risk of adverse pregnancy outcomes—preterm birth (PTB), spontaneous

PTB, small for gestational age (SGA) birth, large for gestational age (LGA) birth, preeclamp-

sia, and gestational diabetes mellitus (GDM)—by interpregnancy interval (IPI) for births fol-

lowing a previous miscarriage or induced abortion.

Methods and findings

We conducted a cohort study using a total of 49,058 births following a previous miscarriage

and 23,707 births following a previous induced abortion in Norway between 2008 and 2016.

We modeled the relationship between IPI and 6 adverse pregnancy outcomes separately

for births after miscarriages and births after induced abortions. We used log-binomial

regression to estimate unadjusted and adjusted relative risk (aRR) and 95% confidence

intervals (CIs). In the adjusted model, we included maternal age, gravidity, and year of birth

measured at the time of the index (after interval) births. In a sensitivity analysis, we further

adjusted for smoking during pregnancy and prepregnancy body mass index. Compared to

births with an IPI of 6 to 11 months after miscarriages (10.1%), there were lower risks of

SGA births among births with an IPI of <3 months (8.6%) (aRR 0.85, 95% CI: 0.79, 0.92, p <
0.01) and 3 to 5 months (9.0%) (aRR 0.90, 95% CI: 0.83, 0.97, p = 0.01). An IPI of <3

months after a miscarriage (3.3%) was also associated with lower risk of GDM (aRR 0.84,

95% CI: 0.75, 0.96, p = 0.01) as compared to an IPI of 6 to 11 months (4.5%). For births fol-

lowing an induced abortion, an IPI <3 months (11.5%) was associated with a nonsignificant
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but increased risk of SGA (aRR 1.16, 95% CI: 0.99, 1.36, p = 0.07) as compared to an IPI of

6 to 11 months (10.0%), while the risk of LGA was lower among those with an IPI 3 to 5

months (8.0%) (aRR 0.84, 95% CI: 0.72, 0.98, p = 0.03) compared to an IPI of 6 to 11

months (9.4%). There was no observed association between adverse pregnancy outcomes

with an IPI >12 months after either a miscarriage or induced abortion (p > 0.05), with the

exception of an increased risk of GDM among women with an IPI of 12 to 17 months (5.8%)

(aRR 1.20, 95% CI: 1.02, 1.40, p = 0.02), 18 to 23 months (6.2%) (aRR 1.24, 95% CI: 1.02,

1.50, p = 0.03), and�24 months (6.4%) (aRR 1.14, 95% CI: 0.97, 1.34, p = 0.10) compared

to an IPI of 6 to 11 months (4.5%) after a miscarriage. Inherent to retrospective registry-

based studies, we did not have information on potential confounders such as pregnancy

intention and health-seeking bahaviour. Furthermore, we only had information on miscar-

riages that resulted in contact with the healthcare system.

Conclusions

Our study suggests that conceiving within 3 months after a miscarriage or an induced abor-

tion is not associated with increased risks of adverse pregnancy outcomes. In combination

with previous research, these results suggest that women could attempt pregnancy soon

after a previous miscarriage or induced abortion without increasing perinatal health risks.

Author summary

Why was this study done?

• The World Health Organization recommends to wait at least 6 months after miscarriage

and induced abortion before becoming pregnant again to avoid complications in the

next pregnancy, although the evidence-based underlying this recommendation is

scarce.

• The differences in pregnancy outcomes according to interpregnancy interval (IPI) after

miscarriage as opposed to induced abortions remains unclear.

What did the researchers do and find?

• Using data linkage from registry data in Norway, we explored the risks of adverse preg-

nancy outcomes for births after a miscarriage and after an induced abortion separately.

While 3 out of 5 women with previous miscarriages conceive within 6 months, 1 out of

5 women with previous induced abortions conceive within 6 months.

• Our study suggests that conceiving within 6 months after a miscarriage or an induced

abortion is not associated with increased risks of adverse pregnancy outcomes. The

results are consistent for IPI as short as 3 months.

• There was no evidence of higher risks of adverse pregnancy outcomes among women

with an IPI of greater than 12 months after a miscarriages or induced abortions, with

the exception of a modest increased risk of gestational diabetes mellitus.
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What do these findings mean?

• Our results do not support current international recommendations to wait at least 6

months after a miscarriage or an induced abortion.

• In combination with previous research, our results are reassuring for families who

attempt pregnancy soon after a miscarriage or induced abortion.

• These findings motivate a review of current international guidelines for birth spacing

after a miscarriage or an induced abortion.

Introduction

Miscarriage or the loss of the fetus before viability occurs in 12% to 15% of recognised preg-

nancies [1–3], and induced abortions occur in up to 15% of pregnancies in high-income coun-

tries [4]. Miscarriage causes significant psychological distress for couples [5], and induced

abortions are performed for many different reasons including medical, financial, or social rea-

sons [6,7]. The optimal interpregnancy interval (IPI)—the time between the end of one preg-

nancy and the start of the next—after pregnancy loss remains unclear. Based on a single study

from Latin America, which reported that an IPI less than 6 months following miscarriages and

induced abortions was associated with increased risk of adverse perinatal outcomes in the next

pregnancy (odds ratio (OR) > 2.0 for preterm birth (PTB) and low birth weight (LBW)) [8],

the World Health Organization (WHO) has recommended since 2007 that women wait at

least 6 months before trying to become pregnant again after a miscarriage or induced abortion

[9]. The study from Latin America did not distinguish between miscarriages and induced

abortions, which is likely to have resulted in substantial heterogeneity in the underlying risk

profile. Furthermore, when large cohort studies from Scotland (OR 0.89, 95% confidence

interval (CI): 0.81, 0.98 for PTB; OR 0.84, 95% CI: 0.71, 0.89 for LBW; and OR 1.18, 95% CI:

0.82, 1.23 for preeclampsia) and California (OR 0.87, 95% CI: 0.81, 0.94 for PTB) subsequently

evaluated this research question, they observed no increased risk of adverse pregnancy out-

comes in births that followed a short IPI (<6 months) after a miscarriage [10,11]. However, an

increased risk of adverse pregnancy outcomes in pregnancies that followed a short (<6

months) IPI after induced abortions was observed in Finland (OR 1.44, 95% CI: 1.10, 1.88 for

PTB) [12]. Studies investigating risks of maternal complications after long IPI following a live

birth indicated increased risks of gestational diabetes mellitus (GDM) in Canada (OR 1.66,

95% CI: 1.39, 2.00) and preeclampsia in Australia (OR 1.28, 95% CI: 1.17, 1.41) [13,14]. The

differences in pregnancy outcomes according to IPI after miscarriage as opposed to induced

abortions therefore remains unclear. Besides the available large cohort studies described

above, other studies with smaller sample size (n< 1,100) were conducted to explore pregnancy

outcomes after a miscarriage; however, these studies investigated limited outcomes such as

recurrent miscarriage and PTB [15–18]. Therefore, there is a dearth of research exploring the

subsequent risks of other pregnancy outcomes including preeclampsia and GDM following

miscarriage or induced abortion. Our objective was therefore to investigate the risk of a broad

range of adverse pregnancy outcomes such as PTB, spontaneous PTB, small for gestational age

(SGA), large for gestational age (LGA), preeclampsia, and GDM according to IPI for pregnan-

cies that follow miscarriages or induced abortions separately, with the intention of informing

intrapartum care following early pregnancy loss.
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Methods

Study design and data sources

We conducted a retrospective cohort study using 3 Norwegian national health registries: the

Medical Birth Registry of Norway (birth registry) [19], the Norwegian Patient Registry (patient

registry), and the General Practitioner database [20]. Using these 3 registries, we identified all

registered pregnancies in Norway with an estimated date of conception between January 1,

2008 and December 31, 2016. The birth registry includes mandatory notifications on pregnan-

cies in Norway ending after 12 gestational weeks and provided information on live births, still-

births, miscarriages, and late induced abortions.

The patient and general practitioners’ registries provided information on induced abortions

and miscarriages irrespective of gestational weeks. A detailed description of the processes for

identification of miscarriage and induced abortions and data linkage procedures have been

described previously [21]. In summary, we used primary and secondary diagnostic codes indi-

cating the presence of a miscarriage or induced abortions. From the patient registry, informa-

tion on miscarriages before 12 completed gestational weeks were captured using the following

International Classification of Diseases version 10 (ICD-10) codes: missed abortion (O02.1);

other specified abnormal products of conception (O02.8); abnormal product of conception,

unspecified (O02.9); spontaneous abortion (O03); and threatened abortion (O20.0). Similarly,

induced abortions were identified using the following ICD-10 codes: medical abortion (O04),

other abortion (O05), and unspecified abortion (O06). In the general practitioner database, we

captured information on miscarriages before 12 completed gestational weeks using the follow-

ing ICPC-2 codes: bleeding in pregnancy (W03) and spontaneous abortion (W82). We only

counted registrations of threatened abortion and bleeding in pregnancy codes as miscarriage

or induced abortions if they did not subsequently end in a registration in the birth registry.

In this study, a fetal death at 20 gestational weeks or later or with a birthweight of 400

grams or more was considered a stillbirth, while fetal deaths prior to 20 gestational weeks with

a birthweight less than 400 grams were defined as miscarriages. This study is reported as per

the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guide-

line [22] (S1 STROBE Checklist).

Participants and exclusions

In the study period, there were a total of 108,444 miscarriages of which 75,059 were followed

by subsequent pregnancies, and 127,912 induced abortions of which 57,282 were followed by

subsequent pregnancies. After excluding pregnancies ended prior to 20 weeks, we were left

with 50,343 births after miscarriages and 24,248 births after induced abortions. By further

excluding multiple births, births with gestational age�45 weeks, late induced abortions, births

with missing maternal age, and births with missing information on birthweight or offspring

sex, we had a sample size of 49,058 index births after previous miscarriage and 23,707 index

births after previous induced abortions. The index birth was defined as the birth after the IPI.

A total of 1,647 (3.4%) women after miscarriages and 552 (2.3%) women after induced abor-

tions contributed more than one birth in the study population (Fig 1).

Exposure

IPI was defined as the time between the date of previous miscarriage or induced abortion and

date of the conception (date of birth minus gestational age) of the subsequent live or stillbirth

recorded in the birth registry. The gestational age estimation was largely based on ultrasound

estimates (99%). We categorised IPI into 6 categories: <3, 3 to 5, 6 to 11, 12 to 17, 18 to 23,
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and�24 months, with 6 to 11 months as the reference category, consistent with the WHO

guidelines and literature [9,10,23].

Outcomes

We studied 6 adverse pregnancy outcomes: PTB, spontaneous PTB, SGA, LGA, preeclampsia,

and GDM. [10,24–26] PTB was defined as birth occurring before 37 completed weeks of gesta-

tion. Spontaneous PTB was defined as PTB with spontaneous onset of labour. SGA and LGA

were defined as a birthweight in the lowest or highest 10th percentiles, based on the gestational

week and sex-specific distributions of birthweight among all births in the birth registry. Pre-

eclampsia was defined as any registration of preeclampsia, eclampsia, or HELLP syndrome

(haemolysis, elevated liver enzymes, and low platelet count). GDM was defined based on the

WHO-1999 criteria when fasting plasma glucose level�7.0 mmol/L or glucose tolerance test

of�7.8 mmol/L and<11.0 mmol/l [27].

Statistical analysis

We evaluated the relationship between IPI and the pregnancy outcomes separately for births

after miscarriages and births after induced abortions. We used log-binomial regression to esti-

mate unadjusted and adjusted relative risk (aRR) and 95% CIs [17]. Robust cluster variance

estimation was used to account for women who had more than one pregnancy during the

study period. We adjusted for maternal age using restricted cubic splines with 5 knots (placed

at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles in the study population; [28]), gravidity

Fig 1. Flow chart for selection of births following miscarriages and induced abortions between 2008 and 2016 in Norway.

https://doi.org/10.1371/journal.pmed.1004129.g001
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(categorical: 1, 2, 3, or more), and year of birth (continuous) at the time of index birth. We

tested for the multiplicative interaction between IPI and maternal age, and the interaction

between IPI and parity, using likelihood ratio test comparing models with and without interac-

tion terms. We calculated e-values for the aRR as a measure of the minimum strength of asso-

ciation a confounder would have to have with the exposure and outcome to explain away the

observed associations. Small e-values indicates that little unmeasured confounding is required

to explain or nullify observed effects. The converse is true of high e-values. The e-value for the

lower limit of the 95% CI represents the level of confounding required to render the interval

estimate null [29].

We conducted sensitivity analyses additionally adjusting for prepregnancy body mass index

(BMI) (using restricted cubic splines placed at 5 knots placed at the 5th, 27.5th, 50th, 72.5th,

and 95th percentiles in the study population) and smoking during pregnancy (categorical: yes/

no) for the index pregnancies with information available (n = 27,747 for births after a miscar-

riage; n = 13,932 for births after an induced abortion). We also explored adjustment for char-

acteristics of the miscarriage or induced abortion prior to the index pregnancy (start of the

IPI), such as maternal age, gravidity, and year of end of pregnancy [30]. Since IPI categorisa-

tion that consider <6 months in the short IPI category is widely considered in the literature

and for our results to be compared with the WHO recommendation, we conducted additional

analysis combining the first 2 IPI categories (<3 months and 3 to 5 months). We also con-

ducted a sensitivity analysis restricting births from women with only 1 miscarriage

(n = 47,411) or induced abortion (n = 23,185) in the cohort. All analyses were conducted using

STATA version 16 (Statacorp, Texas).

Ethics statement

Ethics approval was obtained the Regional Committee for Medical and Health Research Ethics

of South/East Norway (2014/404).

Results

Maternal characteristics at the time of birth after miscarriages and induced

abortions

We included 49,058 index births after miscarriage and 23,707 index births after an induced

abortion. The median maternal age at the index birth was 29 years (interquartile range (IQR)

= 25 to 33 years) among women with births after a miscarriage and 28 years (IQR = 24 to 48)

among women with births after an induced abortion (Tables 1 and 2).

Previous miscarriage

The median IPI after a miscarriage was 4 months (IQR = 2 to 9 months); 61% (n = 30,076)

conceived again within 6 months and 20% (n = 9,975) conceived between 6 and 11 months

(Table 1 and Fig 2). In births following a previous miscarriage, there were 6.0% PTB, 3.5%

spontaneous PTB, 9.5% SGA births, 10.3% LGA births, 3.2% preeclampsia, and 4.2% GDM

(S1 Table).

In the adjusted analysis, women with an IPI<3 months (8.6%) (aRR 0.85, 95% CI: 0.79,

0.92, p< 0.01) and 3 to 5 months (9.0%) (aRR 0.89, 95% CI: 0.82, 0.96, p = 0.01) had a lower

risk of SGA compared to women with an IPI of 6 to 11 months (10.1%). We also observed a

lower risk of GDM (aRR 0.85, 95% CI: 0.75, 0.95, p = 0.01) among women with an IPI of<3

months (3.3%) compared to women with an IPI of 6 to 11 months (4.5%).
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There was no evidence of increased risks of adverse pregnancy outcomes associated with an

IPI>12 months (p> 0.05) except for GDM. For GDM, compared to IPI of 6 to 11 months

(4.5%), there were increased risks for births after 12 to 17 months (5.8%) (aRR 1.20, 95% CI:

1.02, 1.40, p = 0.02), 18 to 23 months (aRR 1.24, 95% CI: 1.02, 1.50), but not for IPI�24

Table 1. Characteristics for women with births after miscarriage and induced abortion at the time of birth after

the IPI for births between 2008 and 2016 in Norway (n = 49,058).

Variable Number (%)

Maternal age (in years)

14–19 377 (0.8)

20–24 5,148 (10.5)

25–29 13,157 (26.8)

30–34 16,174 (33.0)

35–39 10,867 (22.1)

�40 3,335 (6.8)

Median (IQR) 29 (25–33)

Gravidity

1 19,602 (40.1)

2 14,305 (29.2)

3+ 15,151 (30.8)

Prepregnancy BMI (kg/m2)

<18.5 986 (2.0)

18.5–25 17,611 (35.9)

25–30 7,213 (14.7)

�30 4,123 (8.4)

Missing 19,127 (39.0)

Smoking during pregnancy

No 39,302 (80.1)

Yes 3,780 (7.7)

Missing 5,976 (12.2)

Birth year

2008 238 (0.5)

2009 4,358 (8.9)

2010 5,955 (12.1)

2011 6,241 (12.7)

2012 6,330 (12.9)

2013 6,364 (12.9)

2014 6,364 (13.0)

2015 6,607 (13.5)

2016 6,585 (13.4)

IPI in months

<3 17,251 (35.2)

<6 30,076 (61.3)

6–11 9,975 (20.3)

12–17 3,653 (7.5)

18–23 1,973 (4.0)

�24 3,381 (6.9)

Median (IQR) 4 (2–9)

BMI, body mass index; IPI, interpregnancy interval; IQR, interquartile range.

https://doi.org/10.1371/journal.pmed.1004129.t001
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months (aRR 1.14, 95% CI: 0.97, 1.34, p = 0.10) (Table 3). The corresponding e-values were

low, ranging between 1.11 and 1.83, for the associations between IPI and all adverse outcomes

after previous miscarriage.

Table 2. Characteristics for women with births after induced abortion at the time of birth after the IPI for births

between 2008 and 2016 in Norway (n = 23,707).

Variable Number (%)

Maternal age (in years)

14–19 734 (3.1)

20–24 5,531 (23.3)

25–29 8,041 (33.9)

30–34 5,944 (25.1)

35–39 2,782 (11.7)

�40 675 (2.9)

Median (IQR) 28 (24–48)

Gravidity

1 15,082 (63.6)

2 5,233 (22.0)

3+ 3,402 (14.4)

Prepregnancy BMI (kg/m2)

18.5 765 (3.2)

18.5–25 9,523 (40.2)

25–30 3.277 (13.8)

�30 1,583 (6.9)

Missing 8,559 (36.1)

Smoking during pregnancy

No 16,702 (70.5)

Yes 4,017 (16.9)

Missing 2,988 (12.6)

Birth year

2008 20 (0.1)

2009 933 (3.9)

2010 1,930 (8.1)

2011 2,576 (10.9)

2012 3,154 (13.3)

2013 3,455 (14.6)

2014 3,761 (15.9)

2015 3,879 (16.4)

2016 3,999 (16.9)

IPI in months

<3 1,633 (6.9)

<6 4,574 (19.3)

6–11 4,244 (17.9)

12–17 3,255 (13.7)

18–23 2,540 (10.7)

�24 9,094 (38.4)

Median (IQR) 17 (7–34)

BMI, body mass index; IPI, interpregnancy interval; IQR, interquartile range.

https://doi.org/10.1371/journal.pmed.1004129.t002
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Previous induced abortion

The median IPI after a previous induced abortion was 17 months (IQR = 7 to 34 months),

where 19% (n = 4,574) of births were conceived within 6 months, and 18% (n = 4,244) were

conceived between 6 and 11 months (Table 2 and Fig 2). There were 5.5% PTB, 3.2% sponta-

neous PTB, 10.8% SGA births, 8.8% LGA births, 2.8% preeclampsia, and 3.2% GDM among

births among births following induced abortions (S2 Table).

Compared with births following 6 to 11 months of IPI, there was a modest increased risk of

SGA after an IPI of<3 months with a confidence interval spanning the null value (aRR 1.16,

95% CI: 0.99, 1.37, p = 0.07), and a modest decreased risk of LGA among those with an IPI of 3

to 5 months (aRR 0.84, 95% CI: 0.72, 0.98, p = 0.03). For IPI >12 months, there was no evi-

dence of risk of adverse pregnancy outcomes (Table 4). Corresponding e-values were low,

ranging between 1.21 and�2.55, for the associations between IPI and adverse outcomes after

previous induced abortion.

Fig 2. Kernel density distributions of interpregnancy interval after miscarriages and induced abortions for births between 2008 and 2016 in Norway.

https://doi.org/10.1371/journal.pmed.1004129.g002
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Sensitivity analysis

Additional adjustment for smoking during pregnancy and prepregnancy BMI did not alter

our conclusions (S3 and S4 Tables). Our results adjusting for covariates measured at the time

of miscarriage or induced abortion (before interval) provided consistent findings (S5 and

Table 3. IPI after previous miscarriage and risk of adverse pregnancy outcomes for births between 2008 and 2016 in Norway (n = 49,058).

Outcome IPI Number of cases (%) RR (95% CI) aRR (95% CI)� p-value for aRR E-value aRR�� (lower 95% CI)

PTB (n = 49,058) <3 m 1,002 (5.8) 0.94 (0.86, 1.04) 0.96 (0.87, 1.06) 0.40 1.25 (1)

3–5 m 719 (5.6) 0.91 (0.82, 1.01) 0.92 (0.83, 1.02) 0.12 1.39 (1)

6–11 m 615 (6.2) Ref Ref Ref

12–17 m 257 (7.0) 1.14 (0.99, 1.31) 1.14 (0.99, 1.31) 0.08 1.54 (1)

18–23 m 150 (7.6) 1.23 (1.04, 1.45) 1.23 (1.04, 1.46) 0.02 1.76 (1.24)

�24 m 230 (6.8) 1.10 (0.95, 1.28) 1.14 (0.98, 1.32) 0.09 1.54 (1)

Spontaneous PTB (n = 47,780) <3 m 592 (3.5) 0.98 (0.86, 1.11) 0.97 (0.85, 1.11) 0.64 1.21 (1)

3–5 m 403 (3.2) 0.89 (0.78, 1.03) 0.89 (0.78, 1.03) 0.11 1.50 (1)

6–11 m 350 (3.6) Ref Ref Ref

12–17 m 137 (3.9) 1.08 (0.89, 1.31) 1.08 (0.89, 1.31) 0.43 1.37 (1)

18–23 m 86 (4.5) 1.25 (0.99, 1.57) 1.26 (1.00, 1.59) 0.05 1.83 (1)

�24 m 127 (3.9) 1.07 (0.88, 1.31) 1.12 (0.92, 1.37) 0.26 1.49 (1)

SGA (n = 49,058) <3 m 1,483 (8.6) 0.85 (0.79, 0.92) 0.85 (0.79, 0.92) 0.00 1.63 (1.39)

3–5 m 1,157 (9.0) 0.89 (0.82, 0.97) 0.89 (0.82, 0.96) 0.01 1.50 (1.25)

6–11 m 1,008 (10.1) Ref Ref Ref

12–17 m 420 (11.5) 1.14 (1.02, 1.27) 1.13 (1.02, 1.26) 0.03 1.51 (1.16)

18–23 m 197 (10.0) 0.99 (0.85, 1.14) 0.97 (0.84, 1.12) 0.70 1.21 (1)

�24 m 389 (11.5) 1.14 (1.02, 1.27) 1.09 (0.97, 1.21) 0.15 1.40 (1)

LGA (n = 49,058) <3 m 1,809 (10.5) 1.02 (0.95, 1.10) 1.04 (0.97, 1.12) 0.30 1.24 (1)

3–5 m 1,312 (10.2) 1.00 (0.93, 1.08) 1.01 (0.93, 1.09) 0.82 1.11 (1)

6–11 m 1,021 (10.2) Ref Ref Ref

12–17 m 390 (10.7) 1.04 (0.93, 1.16) 1.05 (0.94, 1.17) 0.34 1.28 (1)

18–23 m 197 (10.0) 0.98 (0.84, 1.13) 0.99 (0.86, 1.15) 0.92 1.11 (1)

�24 m 314 (9.3) 0.91 (0.80, 1.03) 0.95 (0.85, 1.08) 0.45 1.29 (1)

Preeclampsia (n = 49,058) <3 m 512 (3.0) 0.91 (0.80, 1.05) 0.93 (0.81, 1.07) 0.29 1.36 (1)

3–5 m 391 (3.1) 0.94 (0.81, 1.08) 0.95 (0.82, 1.09) 0.46 1.29 (1)

6–11 m 324 (3.4) Ref Ref Ref

12–17 m 133 (3.7) 1.12 (0.92, 1.37) 1.11 (0.91, 1.35) 0.32 1.46 (1)

18–23 m 72 (3.6) 1.12 (0.87, 1.44) 1.11 (0.86, 1.42) 0.43 1.46 (1)

�24 m 114 (3.4) 1.04 (0.84, 1.28) 1.01 (0.82, 1.25) 0.92 1.11 (1)

GDM (n = 49,058) <3 m 571 (3.3) 0.74 (0.66, 0.84) 0.85 (0.75, 0.95) 0.01 1.67 (1.29)

3–5 m 508 (4.0) 0.89 (0.79, 1.00) 0.95 (0.84, 1.08) 0.43 1.29 (1)

6–11 m 446 (4.5) Ref Ref Ref

12–17 m 211 (5.8) 1.29 (1.10, 1.51) 1.20 (1.02, 1.40) 0.02 1.69 (1.16)

18–23 m 122 (6.2) 1.38 (1.14, 1.68) 1.24 (1.02, 1.50) 0.03 1.79 (1.16)

�24 m 216 (6.4) 1.43 (1.22, 1.67) 1.14 (0.97, 1.34) 0.10 1.54 (1)

aRR, adjusted relative risk; CI, confidence interval; GDM, gestational diabetes mellitus; IPI, interpregnancy interval; LGA, large for gestational age; PTB, preterm birth;

RR, relative risk; SGA, small for gestational age.

�Adjusted for maternal age, gravidity, and year of birth at the time of birth after interval. For maternal age, we used restricted cubic splines with 5 knots placed at the

5th, 27.5th, 50th, 72.5th, and 95th percentiles in the study population, which corresponds to 21, 26, 30, 33, and 40 years.

��E-values for unmeasured confounding for the association between IPI after miscarriage and induced abortion and adverse pregnancy outcomes.

https://doi.org/10.1371/journal.pmed.1004129.t003
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S6 Tables). Our analysis combining <3 months and 3 to 5 months of IPI into a<6 months cat-

egory showed consistent results with estimates for IPI<3 months category (S7 and S8 Tables).

Our results restring births from women with only 1 miscarriage or induced abortion in the

cohort did not change our results (S9 and S10 Tables)

Table 4. IPI after previous induced abortion and risk of adverse pregnancy outcomes for births between 2008 and 2016 in Norway (n = 23,707).

Outcome IPI Number of cases (%) RR (95% CI) aRR (95% CI)� p-value for aRR E-value aRR�� (lower 95% CI)

PTB (n = 23,707) <3 m 110 (6.7) 1.20 (0.97, 1.49) 1.17 (0.94, 1.46) 0.15 1.62 (1)

3–5 m 157 (5.3) 0.95 (0.78, 1.16) 0.94 (0.77, 1.14) 0.53 1.32 (1)

6–11 m 238 (5.6) Ref Ref Ref

12–17 m 150 (4.6) 0.82 (0.67, 1.00) 0.84 (0.69, 1.02) 0.08 1.67 (1)

18–23 m 134 (5.3) 0.94 (0.77, 1.16) 0.97 (0.79, 1.20) 0.80 1.21 (1)

�24 m 506 (5.6) 1.00 (0.85, 1.15) 1.10 (0.94, 1.30) 0.22 1.43 (1)

Spontaneous PTB (n = 23,163) <3 m 62 (3.9) 1.15 (0.86, 1.54) 1.13 (0.85, 1.52) 0.41 1.51 (1)

3–5 m 102 (3.5) 1.04 (0.81, 1.34) 1.03 (0.80, 1.32) 0.83 1.21 (1)

6–11 m 141 (3.4) Ref Ref Ref

12–17 m 67 (2.1) 0.62 (0.47, 0.83) 0.63 (0.47, 0.84) 0.00 2.55 (1.56)

18–23 m 84 (3.4) 0.99 (0.76, 1.29) 1.02 (0.78, 1.33) 0.90 1.16 (1)

�24 m 295 (3.3) 0.98 (0.80, 1.19) 1.06 (0.86, 1.31) 0.56 1.31 (1)

SGA (n = 23,707) <3 m 188 (11.5) 1.16 (0.98, 1.36) 1.16 (0.99, 1.37) 0.07 1.59 (1)

3–5 m 318 (10.8) 1.08 (0.95, 1.24) 1.09 (0.95, 1.25) 0.23 1.40 (1)

6–11 m 423 (10.0) Ref Ref Ref

12–17 m 363 (11.2) 1.12 (0.98, 1.28) 1.12 (0.98, 1.28) 0.09 1.49 (1)

18–23 m 269 (10.6) 1.06 (0.92, 1.23) 1.07 (0.93, 1.24) 0.37 1.34 (1)

�24 m 997 (11.0) 1.10 (0.99, 1.23) 1.12 (1.00, 1.26) 0.05 1.49 (1)

LGA (n = 23,707) <3 m 152 (9.3) 0.99 (0.83, 1.18) 0.98 (0.82, 1.17) 0.80 1.16 (1)

3–5 m 234 (8.0) 0.84 (0.72, 0.99) 0.84 (0.72, 0.98) 0.03 1.67 (1.16)

6–11 m 400 (9.4) Ref Ref Ref

12–17 m 307 (9.4) 1.00 (0.87, 1.15) 1.00 (0.87, 1.15) 0.99 1.00 (1)

18–23 m 205 (8.1) 0.86 (0.73, 1.01) 0.85 (0.73, 1.01) 0.06 1.63 (1)

�24 m 811 (8.9) 0.95 (0.84, 1.06) 0.95 (0.84, 1.07) 0.41 1.29 (1)

Preeclampsia (n = 23,707) <3 m 50 (3.1) 1.13 (0.81, 1.57) 1.15 (0.83, 1.60) 0.40 1.57 (1)

3–5 m 80 (2.7) 1.00 (0.76, 1.33) 1.02 (0.77, 1.35) 0.90 1.16 (1)

6–11 m 115 (2.7) Ref Ref Ref

12–17 m 80 (2.5) 0.91 (0.68, 1.20) 0.90 (0.68, 1.20) 0.49 1.46 (1)

18–23 m 63 (2.5) 0.92 (0.69, 1.24) 0.91 (0.67, 1.23) 0.53 1.43 (1)

�24 m 277 (3.1) 1.12 (0.91, 1.39) 1.09 (0.87, 1.36) 0.46 1.40 (1)

GDM (n = 23,707) <3 m 36 (2.2) 0.75 (0.52, 1.08) 0.75 (0.52, 1.08) 0.13 2.00 (1)

3–5 m 76 (2.6) 0.88 (0.66, 1.16) 0.88 (0.67, 1.16) 0.37 1.53 (1)

6–11 m 125 (3.0) Ref Ref Ref

12–17 m 98 (3.0) 1.02 (0.79, 1.33) 0.97 (0.75, 1.25) 0.81 1.21 (1)

18–23 m 63 (2.5) 0.84 (0.62, 1.14) 0.79 (0.59, 1.06) 0.12 1.85 (1)

�24 m 354 (3.9) 1.32 (1.08, 1.62) 1.04 (0.85, 1.28) 0.72 1.24 (1)

aRR, adjusted relative risk; CI, confidence interval; IPI, interpregnancy interval; GDM, gestational diabetes mellitus; LGA, large for gestational age; PTB, preterm birth;

RR, relative risk; SGA, small for gestational age.

�Adjusted for maternal age, gravidity, and year of birth at the time of birth after interval. For maternal age, we used restricted cubic splines with 5 knots placed at the

5th, 27.5th, 50th, 72.5th, and 95th percentiles in the study population, which corresponds to 20, 25, 28, 32, and 38 years.

��E-values for unmeasured confounding for the association between IPI after miscarriage and induced abortion and adverse pregnancy outcomes.

https://doi.org/10.1371/journal.pmed.1004129.t004
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Discussion

We used a Norwegian national registry-linkage to investigate the association between IPI fol-

lowing a miscarriage or induced abortion with adverse pregnancy outcomes in the subsequent

birth. Contrary to the current WHO recommendations advising women to wait a minimum of

6 months after miscarriages or induced abortions [9], we found no evidence of elevated risk of

PTB, spontaneous PTB, LGA, or preeclampsia among women with a very short (<3) or short

(<6 months) IPIs after a miscarriages or induced abortions. Rather, we found that the risk of

SGA was lower among women with births following an IPI of<3 months and 3 to 5 months

after miscarriage. We also found a lower risk of GDM among women with very short (<3

months) IPI after miscarriage. There was no evidence of higher risks of adverse pregnancy out-

comes for IPIs >12 months after miscarriages or induced abortions except for a higher risk of

GDM for births after miscarriages with IPIs between 12 and 23 months.

Our study is consistent with previous studies from Scotland [10] and the United States [15–

17], which reported no difference or reduced risk of adverse pregnancy outcomes following

short (<6 months) IPI after a previous miscarriage. Although not directly comparable to our

study due to only including births after first trimester miscarriages and having a very small

sample size (n = 107), our results were consistent with a study from Israel that indicated that

conception shortly after a spontaneous miscarriage was not associated with adverse maternal

or neonatal outcomes [31]. Our results differ from a large cohort study conducted in Latin

America, which did not distinguish between miscarriages and induced abortions reporting an

elevated risk of adverse pregnancy outcomes among women with an IPI of<6 months [8]. On

the other hand, another study from the US considering births after miscarriages and induced

abortions together showed a reduced risk of PTB [11]. Previous studies from Finland [12] and

China [32] investigating the effect of IPI after induced abortions showed increased risks of

PTB and SGA after short (<6 months) IPI. Unlike these studies, we observed no evidence of

elevated risks of either PTB or SGA according to IPI following an induced abortion. Apart

from one study from Finland [12], our study was not in agreement with previous studies that

reported elevated risks of adverse pregnancy outcomes for those pregnancies with long (>24

months) IPI after miscarriages as compared to IPI 6 to 11 months [10,33,34]. As our study

included women with at least 2 pregnancies occurring in less than a decade, we might not have

observed adequate number of births with longer IPIs to observe any associations. There were

also some differences between our study and previous studies where some studies used 18 to

23 months as reference [8,11,32], included smaller sample sizes [12,15,17,18,32], and relied on

self-reported data [8,32].

Although the proportion of short (<6 months) IPI were generally high following both mis-

carriages and induced abortions, the proportion of short IPI that followed miscarriages (61%)

were much higher than the proportion of short IPI that followed induced abortions (19%). A

previous study reported over one-third of births (37%) following a stillbirth were conceived

within the first 6 months [35]. However, for IPIs after live births, a study that involved 4 high-

income countries including Norway showed that less than 5% of conceptions following live

births occurred in the first 6 months [36]. Our findings, in combination with the previous

findings of Regan and colleagues [35] indicate that women with early and late pregnancy losses

(miscarriages or stillbirths) attempt pregnancy more quickly than those women whose preg-

nancies ended with live births. On the other hand, IPIs after induced abortions could be rela-

tively longer if previous terminations resulted from unintended pregnancy, and, hence, these

women could adopt contraceptive methods as part of routine postabortal care [37].

Our findings suggested that IPI<6 months following miscarriages may not increase the

risks of adverse outcomes in the next pregnancy. One possible explanation would be that
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pregnancies conceived shortly after a miscarriage are more likely to be intended, and, hence,

these women may seek health services with the aim of avoiding the previous unfavourable

experience [10]. The reduced risk of SGA after very short (<3 months) and short (3 to 5

months) IPI in our study may support the previous hypothesis suggesting women who were

able to conceive quickly after miscarriages might have better fecundity reflecting women’s

high reproductive fitness in comparison to women with longer IPI [16]. Despite the assump-

tion that women with previous pregnancies resulting in a live birth could have had nutritional

depletions, which are mostly occurring in the second trimester and early postpartum period

through breastfeeding [38], it is plausible that women with miscarriages would not reach at a

point when nutritional depletion starts as most miscarriages usually occur in the first 12 weeks

[39,40].

A large study conducted in Latin America indicated an elevated risk of adverse pregnancy

outcomes despite not separating miscarriage from induced abortion [8]. The authors hypothe-

sized that their results could be attributed to reproductive tract infections due to the possibility

of unsafe abortions, which may lead to negative consequences to the growing fetus in the sub-

sequent pregnancy. However, our results indicated no elevated risk of adverse pregnancy out-

comes in those pregnancies that followed induced abortions. This could be due to the

provision of safe abortion services free of cost in the public health system in Norway, and,

hence, the risks of infections are minimal [37]. Studies also indicated that uterine infections

are mostly associated with surgical abortions than medical terminations. In Norway, medical

abortions comprising more than 80% of all abortions conducted in 2013, and 95% of these ter-

minations were performed in the first trimester [41]. Since 2009, medical abortion services

were further expanded for women to get access to self-administered misoprostol to use at

home for pregnancies terminations up to 12 weeks of gestation [42].

Previous studies did not assess the association between previous miscarriage and risk of

GDM in the subsequent pregnancy according to interpregnancy interval. Two Chinese studies

[43,44] reported that women who had previous miscarriage had a higher risk for developing

gestational diabetes during subsequent pregnancies, although their studies did not evaluate IPI

specifically. In our study, while we observed an increased risk of risk of GDM for births

between 12 and 23 months of IPI, we found a reduced risk of GDM for births after a very short

(<3 months) IPI. The underlying mechanisms for the associations are unclear and warrant

further investigations. Yang and colleagues [44] speculated that the association between previ-

ous miscarriages and GDM might have occurred due to common risk factors or shared patho-

logical mechanisms.

The strengths of our study are its ability to provide comprehensive information of early

miscarriages and induced abortions from the combination of national health registries in Nor-

way, in addition to be able to distinguish the risks of adverse pregnancy outcomes according to

IPI after a miscarriage and an induced abortion, which was not possible in most settings

[8,11]. Unlike most previous studies [10,26,34] that investigated IPIs of<6 months after mis-

carriage or induced abortions, but not all [15,16], our study investigated the effect of IPI for

very short (<3 months) and short (3 to 5 months) IPIs. To allow comparison with literature

and WHO recommendation, we also estimated risk of adverse pregnancy outcomes for IPI <6

months, although the results broadly concurred with the estimates for IPI<3 months.

Although the gestational age at previous miscarriage or induced abortion affects the IPI, we

did not have information on exact gestational age for those miscarriages or induced abortions

occurred before 12 weeks, which comprised 99% of miscarriages and 96% of induced abor-

tions. However, we did have information on gestational age at miscarriages or induced abor-

tions after 12 weeks, and, hence, the risk of misclassification of exposure is minimal for these

pregnancies. With regard to the timingAU : PleasenotethatasperPLOSstyle; italicsshouldnotbeusedforemphasisofwords:Hence; allitalicizedwordsthroughoutthearticlehavebeenchangedtoregulartext:of confounder measurement, it has recently been
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recommended to adjust confounders for measures prior to IPI (i.e., at the time of the miscar-

riage or induced abortion), as these are the characteristics that may be associated both with IPI

and adverse pregnancy outcomes [30,45]. Our sensitivity analysis adjusting for maternal age,

gravidity, and year at the time of the miscarriage or induced abortion indicated no significant

difference in the risk estimates from the main results. However, since smoking and prepreg-

nancy BMI information were only available for pregnancies registered in the birth registry, we

were not able to adjust for these variables at the time of miscarriage or induced abortion.

These results were not unexpected because most of the pregnancies occurred within 1 year of

miscarriage or induced abortion, and, hence, maternal characteristics including maternal age

and socioeconomic status are unlikely to change significantly. Moreover, inherent to retro-

spective registry-based studies, we did not have information on potential confounders vari-

ables. For example, while pregnancy intention and health-seeking behaviour are likely to vary

between women with longer pregnancies [46–48] but were unfortunately not available. Fur-

thermore, we only had information on miscarriages that resulted in contact with the healthcare

system. Since our study employed data from a single high-income country with better health-

care services, our results could not be generalisable to other settings with different population.

In conclusion, our study found that that conceiving within 6 months after a miscarriage or

an induced abortion was not associated with increased risks of adverse pregnancy outcomes.

In combination with previous research, these results suggest that women could attempt preg-

nancy soon after a previous miscarriage or induced abortion without increasing perinatal

health risks. Our results do not support current international recommendations to wait at least

6 months after miscarriages or induced abortions.
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