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Abstract

Background: Studies have revealed associations between preceding short and long birth-to-birth or birth-to-
pregnancy intervals and poor pregnancy outcomes. Most of these studies, however, have examined the effect of
intervals that began with live births. Using data from Bangladesh, we examined the effect of inter-outcome intervals
(IOI) starting with a non-live birth or neonatal death, on outcomes in the next pregnancy. Pregnancy spacing
behaviors in rural northeast Bangladesh have changed little since 2004.

Methods: We analyzed pregnancy histories for married women aged 15-49 years who had outcomes between
2000 and 2006 in Sylhet, Bangladesh. We examined the effects of the preceding outcome and the IOI length on
the risk of stillbirth, neonatal death and spontaneous abortion using multinomial logistic regression models.

Results: Data included 64,897 pregnancy outcomes from 33,495 mothers. Inter-outcome intervals of 27-50 months
and live births were baseline comparators. Stillbirths followed by IOI’s <=6 months, 7-14 months or overall <=14
months had increased risks for spontaneous abortion with adjusted relative risk ratios (aRRR) and 95% confidence
intervals = 29.6 (8.09, 108.26), 1.84 (0.84, 4.02) and 2.53 (1.19, 5.36), respectively. Stillbirths followed by IOIs 7-14
months had aRRR 2.00 (1.39, 2.88) for stillbirths.
Neonatal deaths followed by IOIs <=6 months had aRRR 28.2 (8.59, 92.63) for spontaneous abortion. Neonatal
deaths followed by IOIs 7-14 and 15-26 months had aRRRs 3.08 (1.82, 5.22) and 2.32 (1.38, 3.91), respectively, for
stillbirths; and aRRRs 2.81 (2.06, 3.84) and 1.70 (1.24, 3.84), respectively, for neonatal deaths.
Spontaneous abortions followed by IOIs <=6 months and 7-14 months had, respectively, aRRRs 23.21 (10.34, 52.13)
and 1.80 (0.98, 3.33) for spontaneous abortion.

Conclusion: In rural northeast Bangladesh, short inter-outcome intervals after stillbirth, neonatal death and
spontaneous abortion were associated with a high risk of a similar outcome in the next pregnancy. These findings
are aligned with other studies from Bangladesh. Two studies from similar settings have found benefits of waiting six
months before conceiving again, suggesting that incorporating this advice into programs should be considered.
Further research is warranted to confirm these findings.
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Background
Several studies have shown that short intervals between
pregnancies are associated with subsequent poor preg-
nancy outcomes, including spontaneous abortion, still-
birth, preterm birth, low birth weight (LBW), congenital
malformations, small for gestational age (SGA), and
early neonatal death [1–16]. Similarly, long
inter-pregnancy intervals (IPIs) greater than 59 months
have been associated with adverse perinatal outcomes,
namely, preterm birth, LBW, and SGA. [14, 15, 17].
Most of these studies focus on intervals beginning with
live births.
Globally, 122 million live births occur annually and of

these, 2.7 million result in neonatal deaths. In addition,
women experience an estimated 28 million spontaneous
abortions and 2.6 million stillbirths [18, 19]. In 2005, ex-
perts at a World Health Organization (WHO) technical
consultation recommended that women should wait at
least 24 months after a live birth before conceiving again
[20]. Approximately, a 24 month live birth-to-pregnancy
interval is equivalent to a 33 month birth-to-birth inter-
val. It is, however, recognized that this recommendation
is difficult to follow when parents have just experienced
a loss. More work is needed on ways to provide emo-
tional support and guidance to families.
To date, researchers have focused little attention on

the effect of intervals after non-live birth outcomes. In
Matlab, Bangladesh, research on the effect of the interval
between a live birth, or a non-live birth, and a subse-
quent outcome showed that the risk of under-five mor-
tality varied by the type of outcome that started the
interval [21]. Another study in Bangladesh that exam-
ined three non-live birth outcomes (miscarriage, induced
abortion and stillbirth) found that inter-pregnancy inter-
vals that began with a non-live birth outcome were gen-
erally more likely to end with the same type of non-live
birth outcome than those that began with a live birth
[22]. The authors noted that their study area (Matlab)
“has access to unusually good maternal and child health
care and family planning services.” They urged that simi-
lar studies be conducted in communities in low income
countries.
Across Bangladesh, intervals after live births have gen-

erally improved over time but Sylhet has been lagging
behind other districts [23, 24]. It had the lowest median
birth interval of 38 months in 2011, and 36.7 months in
2014. For the rest of the country’s districts, the median
birth interval rose from 39 in 2004 to 47 months in
2011, and 57 months in 2014. Furthermore in 2011,
46.5% of non-first births in Sylhet occurred after an
interval of 36 months (18.6 % within 24 months), in-
creasing to 48.5% in 2014 (17.3% within 24 months).
Underscoring the need to counsel women who have

experienced a neonatal death, the 2014 Bangladesh

Demographic and Health Survey observed that “the
length of the birth interval is closely associated with the
survival status of the previous sibling.” In Bangladesh,
among various sub-groups identified in the 2014 DHS,
the highest percentages of very short interval births (de-
fined as less than 18 months since the preceding birth)
occurred in the group in which the preceding sibling
had died (23%), compared to short interval births which
occurred when the sibling was alive (3%), or in the group
of women in the lowest income quintile (5%) or rural
women (5%). Having a preceding death was associated
with short IPIs reflecting the fact that parents who have
lost a child wish to have another one shortly thereafter
to replace the one who has died [23, 24].
Risk factors for adverse perinatal outcomes and the clus-

tering of neonatal deaths in the Sylhet cohort studied in
this analysis have been described [25, 26] but few investi-
gations have been conducted on the combined effects, on
an index pregnancy outcome, of the length of the
inter-pregnancy interval [22] and a prior adverse birth
outcome (stillbirth, neonatal death, and spontaneous abor-
tion). Our analysis uses inter-outcome intervals (IOIs)
from pregnancy history recall to try to address this gap in
the literature related to this rural Bangladesh setting.

Study design and methods
The data were drawn from a study known as ‘Projahnmo
I’ which was a community-based, cluster-randomized
trial conducted in the Sylhet district of Bangladesh. Its
aim was to evaluate the effect of an integrated maternal
and newborn care program on neonatal mortality, and
the results have been reported elsewhere [27]. Briefly,
the trial had 3 arms, namely, a comparison area with
usual care; a home-based care arm where trained com-
munity health workers (CHWs) made home visits to
provide counselling during pregnancy and the immedi-
ate post-partum period; and a community care arm
where health promotion was conducted through group
sessions. Each arm was made up of 8 clusters of popula-
tion sizes around 20,000. We used data from the endline
survey, which had been carried out by specially trained
data collectors in 2006, to determine whether interven-
tions resulted in changes in neonatal mortality rates and
maternal and newborn care practices. The survey re-
spondents were married women aged 15-49 years who
had had at least one pregnancy outcome between 2000
and 2006.
The Projahnmo I trial was registered with Clinical-

Trials.gov NCT00198705.

Defining the intervals
Data on intervals between non-live birth outcomes in
low income countries are not widely available. For ex-
ample, the Demographic and Health Surveys (DHS) do
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not routinely gather information on birth intervals, or
pregnancy outcomes, after miscarriage, stillbirth, or
newborn death as a separate category. DHS data are
available by survival status of the preceding sibling, a
category that includes siblings of all ages who died.
Using Projahnmo data on pregnancy histories, we

studied the following outcomes: stillbirth, neonatal
death, and spontaneous abortion. In these data, we only
had self-reported dates of pregnancy outcomes and thus
we used the term inter-outcome interval (IOI), following
DaVanzo et al. [21], who defined an IOI as the time
period between the date of the outcome of the index
pregnancy and the date of the outcome of the preceding
pregnancy, even if one or both of these pregnancies had
a non-live birth outcome. In comparison, a 14 month
inter-outcome interval is the approximate equivalent of
a 5 month inter-pregnancy interval, and an 18 month
inter-outcome interval is the approximate equivalent of
a 9 month inter-pregnancy interval.
We considered the following categories of the IOI

which have been used in studies of IPI: <6, 7-14, 15-26,
27-50, and 51-74 and 75+ months, with 27-50 months
used as a baseline comparator [21, 28] [17, 21, 22, 29].
The 27-50 months interval is often associated with rela-
tively lower adverse outcomes and in our study it has
the largest samples size

Definition of outcomes and denominators
This analysis included pregnancies with self-reported
outcomes and IOIs. We excluded women with only a
first pregnancy in order to focus on the impact of the
interval following an adverse pregnancy outcome. Neo-
natal deaths were defined as live births that subsequently
resulted in mortality within the first 28 days after birth.
The denominator for neonatal mortality included all live
births. Stillbirths are clinically defined as those babies
born with no signs of life at or after 28 weeks' gestation
(i.e., who did not breathe or move after birth) [30] and
in this study we relied on the women’s recall to
categorize outcomes as stillbirths. The denominator for
these was all births in our study. For the abortions out-
come, only those that were reported as spontaneous ra-
ther than induced were included. The denominator for
these was all pregnancies irrespective of type of
outcome.

Statistical Analysis
Our analysis was stratified by the type of outcome that
started the interval (stillbirth, neonatal death and spon-
taneous abortion). Thus, we fitted three separate models
so that, conditional on the interval being preceded by an
adverse outcome, we evaluated the effect of the length of
IOI on the subsequent outcome. Analogous to the ana-
lysis by DaVanzo et al 2007, we fitted multinomial

logistic regression models where the 4-category multi-
nomial outcome comprised live birth (the reference out-
come), stillbirth, neonatal death and spontaneous
abortion. The measures of association were thus risk ra-
tios of the different IOIs (with 27-50 months taken as a
reference) for adverse outcomes, relative to the risk ra-
tios of these intervals for a live birth outcome. Hence
they are relative risk ratios. Covariates adjusted for in-
cluded multiple/single pregnancy; mother’s education,
parity at current birth, and maternal age at current birth;
household socio-economic status (SES) index; Pro-
jahnmo study arm; whether the mother attended at least
one antenatal care visit, and place of birth (home versus
facility). The SES index was derived from the household
variables using principal components analysis [31]. The
household variables were drinking water source; toilet
type; availability of electricity; ownership of a wardrobe,
table, radio, television, refrigerator, mobile phone, bi-
cycle, car or tempo; and types of roof, wall and floor.
Stata 2013 (StatCorp, College Station, Texas, USA) was
used to conduct all analyses.

Results
Our data included 64,897 pregnancy outcomes from
33,495 mothers. Table 1 provides characteristics of the
mother, household, and child at the time of each preg-
nancy outcome. Table 2 summarizes index pregnancy
outcomes by the preceding outcomes stratified by the
length of the interval between these outcomes. This
table illustrates a possible bias in the recall of dates of
outcomes as there are reportedly stillbirths and neonatal
deaths occurring within 6 months, which is not possible.
It shows that spontaneous abortions made up 44 - 71%
of the index outcomes within the <=6 months IOI,
across preceding outcomes of various types. In general,
across all intervals, adverse outcomes were more likely
when preceded by one of a similar type.
Table 3 shows the unadjusted and adjusted relative risk

ratios (aRRR) and confidence intervals (CI) of each of
the adverse outcomes due to the length of the IOI,
stratified by preceding outcome.

Intervals starting with spontaneous abortion
Short (<=6 months) IOIs that began with a spontaneous
abortion, were associated with relatively higher risks of
another spontaneous abortion versus a live birth, com-
pared to intervals of 27-50 months [aRRR 23.21 (CI:
10.34, 52.13)]. The interval 7-14 months was also associ-
ated with an increased risk of another spontaneous abor-
tion [aRRR 1.8 (CI: 0.98, 3.33)]. When the intervals <=6
months and 7-14 months were merged to increase the
sample size and to improve reliability of the estimates,
the relative risk for spontaneous abortion versus a live
birth remained strong in this IOI category versus 27-50
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months [aRRR 2.70 (CI: 1.49,4.9)] (Additional file 1:
Table S1)
Other intervals that began with a spontaneous abor-

tion were not associated with higher risks of an adverse
outcome, as compared to the 27-50 months interval.

Intervals starting with stillbirth
Short (<=6 months) intervals that began with stillbirths,
were associated with higher relative risks for a spontan-
eous abortion than a live birth, compared to births fol-
lowing IOIs of 27-50 months [aRRR 29.6 (CI: 8.09,
108.26)]. The estimated aRRR for the 7-14 months cat-
egory was 1.84(CI: 0.84, 4.02). When using the combined
<=6 months and 7-14months intervals, the aRRR was
2.53 (CI: 1.19, 5.36) for spontaneous abortion and
1.91(CI: 1.33, 2.75) for stillbirth.

Intervals starting with neonatal death
Having had a neonatal death was associated with a
higher risk of all three adverse outcomes versus live out-
comes, for the IOIs shorter than 24 months relative to
the 27-50 months reference IOI. The aRRR for spontan-
eous abortion was 28.2 (CI: 8.59, 92.63) for <=6 months
compared to 27-50 months IOI. When the first two in-
tervals (<=6 and 7-14 months) were combined, the asso-
ciations remained strong with an aRRR of 2.82 (CI: 1.46,
5.45).
IOIs beginning with a neonatal death were associated

with increased risks of stillbirth [<14 months aRRR 3.27
(CI: 1.94, 5.51), 15-26 months aRRR 2.32 (CI: 1.38, 3.91)
and >75 months 4.01(CI: 1.55, 10.33)], and neonatal
death [<14 months aRRR 2.82 (CI: 2.07,3.85), 15-26
months aRRR 1.70 (CI: 1.24,3.84)].

Discussion
This study demonstrates that the highest risk for a spon-
taneous abortion was following another spontaneous
abortion, or after a short IOI <=14 months irrespective
of the preceding outcome. After a stillbirth, the IOIs
<=14 months were associated with a higher risk of an-
other stillbirth or a spontaneous abortion. Having a prior
neonatal death was associated with an increased risk of
another neonatal death or a non-live outcome for inter-
vals up to 26 months relative to 27-50 months. The risk
of a stillbirth after a neonatal death was also significantly
higher for IOI’s >72 months, suggesting a U-shaped rela-
tionship where the risk decreased up to 27 months, but
then increased again after 72 months. Overall, following
an adverse outcome, a short IOI was associated with a
risk of another adverse outcome in the subsequent preg-
nancy. Further research that appropriately measures ges-
tational age and IPI is needed to help guide family
planning interventions.
A recent study from rural Bangladesh has demon-

strated that incorporating post-partum family planning
into the maternal and newborn care packages can sig-
nificantly improve birth spacing and reduce the risk of
preterm birth [adjusted RR = 0.79; 95% CI = 0.63-0.99)]
[32]. Given the relative lack of data from low income
countries, it is understandable that there are few proto-
cols for family planning counseling for women who have
experienced non-live birth outcomes. The expert recom-
mendation to WHO has been to wait six months after a
spontaneous abortion before conceiving again [20]. The
experts noted, however, that this recommendation was
based on only one large study (n=258,108 women) in
Latin America from two countries (Argentina and
Uruguay) that used hospital records. This study was also
unable to distinguish between spontaneous and induced
abortions. Since then, a 2016 study in India by Chadna
et al. has supported this recommendation [33]. This

Table 1 Baseline characteristics

N %

Total 64,897 100

Study Arm

1 20,767 32.00

2 22,740 35.04

3 21,390 32.96

Mothers' education

no school 33,105 51.01

1-5 years 19,038 29.34

6+ years 12,754 19.65

Birth type

Single 59,610 91.85

Multiple 1,229 1.89

Unknown* 4,058 6.25

Mother's age at outcome

<20 1,649 2.54

20-<=25yrs 14,169 21.83

>25-<=30yrs 23,292 35.89

>30 25,787 39.74

Child sex

1 30,763 47.40

2 29,717 45.79

Unknown* 4,417 6.81

Household wealth quintile

Most poor 14,014 21.59

2 13,159 20.28

3 12,752 19.65

4 12,939 19.94

Least poor 12,033 18.54

*May not be applicable depending on the outcome type
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Table 2 The numbers (and percentages in the lower row) of index outcomes by the preceding outcome, stratified by the IOI

IOI<=6 months a

Preceding outcome Index outcome

Live Spontaneous abortion Stillbirth Neonatal death Total

Spontaneous abortion 63 173 4 4 244

25.82 70.9 1.64 1.64 100

Stillbirth 20 23 0 1 44

45.45 52.27 0 2.27 100

Neonatal death 27 32 6 7 72

37.5 44.44 8.33 9.72 100

Alive 76 152 12 12 252

30.16 60.32 4.76 4.76 100

Total 186 380 22 24 612

30.39 62.09 3.59 3.92 100
aOutcomes other than spontaneous abortion within 6 months reflect errors in recall of outcome dates

IOI 7-14 months

Preceding outcome Index outcome

live Spontaneous abortion Stillbirth Neonatal death Total

Spontaneous abortion 1333 342 68 98 1841

72.41 18.58 3.69 5.32 100

Stillbirth 585 66 123 54 828

70.65 7.97 14.86 6.52 100

Neonatal death 896 68 68 207 1239

72.32 5.49 5.49 16.71 100

Alive 3,573 721 232 370 4896

72.98 14.73 4.74 7.56 100

Total 6387 1197 491 729 8804

72.55 13.6 5.58 8.28 100

IOI 15-26 months

Preceding outcome Index outcome

live Spontaneous abortion Stillbirth Neonatal death Total

Spontaneous abortion 1254 183 49 68 1554

80.69 11.78 3.15 4.38 100

Stillbirth 734 53 110 63 960

76 5.52 11.46 7 100

Neonatal death 1205 61 71 168 1505

80.07 4.05 4.72 11.16 100

Alive 16,867 1123 474 745 19,209

87.81 5.85 2.47 3.88 100

Total 20,132 1421 711 1090 23,354

86.2 6.08 3.04 4.67 100

IOI 27-50 months

Preceding outcome Index outcome

live Spontaneous abortion Stillbirth Neonatal death Total

Spontaneous abortion 568 68 25 24 685

82.92 9.93 3.65 3.5 100
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India study found that “women who conceive between
6-12 months of an initial miscarriage have better out-
comes and lower complication rates in their subsequent
pregnancy.”
Most of the available literature on the recommenda-

tion for how long to wait after an adverse event before
conceiving again come from high income countries and
focus on waiting time after a miscarriage. Some results
from high income countries suggest that conception
within a short interval (6 months) after an abortion does
not result in adverse pregnancy outcomes [34–38]. A

recent review of 16 studies also led to the same conclu-
sion [39].
In contrast, results from low- and middle-income

countries [Latin America, Bangladesh (Matlab),
India[33]] and our current analysis of Bangladesh (Syl-
het) indicates that short intervals after a stillbirth, neo-
natal death or spontaneous abortion, are associated with
increased risk of adverse pregnancy outcomes. A 2010
study in Matlab, Bangladesh, also showed that the ma-
ternal mortality risk was “higher for pregnancies that
ended in induced abortion, miscarriage, or stillbirth,

Table 2 The numbers (and percentages in the lower row) of index outcomes by the preceding outcome, stratified by the IOI
(Continued)

Stillbirth 412 28 47 26 513

80.31 5.46 9.16 5.07 100

Neonatal death 722 34 19 59 834

86.57 4.08 2.28 7.07 100

Alive 20,386 869 544 740 22,539

90.45 3.86 2.41 3.28 100

Total 22,186 1000 656 884 24,726

89.73 4.04 2.65 3.58 100

IOI 51-74 months

Preceding outcome Index outcome

live Spontaneous abortion Stillbirth Neonatal death Total

Spontaneous abortion 109 16 9 6 140

77.86 11.43 6.43 4.29 100

Stillbirth 80 3 10 5 98

81.63 3.06 10.2 5.1 100

Neonatal death 140 7 4 6 157

89.17 4.46 2.55 3.82 100

Alive 4401 249 158 162 4970

88.55 5.01 3.18 3.26 100

Total 4756 275 185 190 5406

87.98 5.09 3.42 3.51 100

IOI 75-263 months

Preceding outcome Index outcome

live Spontaneous abortion Stillbirth Neonatal death Total

Spontaneous abortion 34 7 1 2 44

77.27 15.91 2.27 4.55 100

Stillbirth 35 2 4 3 44

79.55 4.55 9.09 6.82 100

Neonatal death 57 8 7 5 77

74.03 10.39 9.09 6.49 100

Alive 1874 129 73 76 2152

87.08 5.99 3.39 3.53 100

Total 2019 146 85 90 2340

86.28 6.24 3.63 3.85 100
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Table 3 Unadjusted and adjusted Relative Risk Ratios1

Preceding outcome=spontaneous abortion

Index
outcome

Unadjusted Adjusted

Relative
risk ratio

Lower
CI

Upper
CI

Relative
risk ratio

Lower
CI

Upper
CI

Live birth Reference outcome

Spontaneous abortion

<=6
months

22.94 15.64 33.63 23.21 10.34 52.13

7-14
months

2.14 1.62 2.83 1.80 0.98 3.33

15-26
months

1.22 0.91 1.64 1.05 0.55 2.01

27-50
months

Reference

51-74
months

1.23 0.69 2.19 0.33 0.11 0.98

75-263
months

1.72 0.73 4.03 0.28 0.05 1.59

Stillbirth

<=6
months

1.44 0.49 4.28 1.36 0.45 4.07

7-14
months

1.16 0.73 1.85 1.05 0.65 1.69

15-26
months

0.89 0.54 1.45 0.80 0.49 1.32

27-50
months

Reference

51-74
months

1.88 0.85 4.13 1.66 0.74 3.74

75-263
months

0.67 0.09 5.08 0.73 0.09 5.68

Neonatal death

<=6
months

1.50 0.51 4.47 1.39 0.46 4.16

7-14
months

1.74 1.10 2.75 1.55 0.97 2.46

15-26
months

1.28 0.80 2.07 1.17 0.72 1.90

27-50
months

Reference

51-74
months

1.30 0.52 3.26 1.09 0.42 2.82

75-263
months

1.39 0.32 6.14 1.20 0.26 5.61

Preceding outcome=Stillbirth

Index
outcome

Unadjusted Adjusted

Relative
risk ratio

Lower
CI

Upper
CI

Relative
risk ratio

Lower
CI

Upper
CI

Live birth Reference outcome

Spontaneous abortion

<=6
months

16.92 8.31 34.45 29.60 8.09 108.26

7-14 1.66 1.05 2.63 1.84 0.84 4.02

Table 3 Unadjusted and adjusted Relative Risk Ratios1

(Continued)

Preceding outcome=spontaneous abortion

Index
outcome

Unadjusted Adjusted

Relative
risk ratio

Lower
CI

Upper
CI

Relative
risk ratio

Lower
CI

Upper
CI

months

15-26
months

1.06 0.66 1.71 0.76 0.35 1.65

27-50
months

Reference

51-74
months

0.55 0.16 1.86 0.36 0.07 2.00

75-263
months

0.84 0.19 3.68 0.82 0.09 7.44

Stillbirth

<=6
months

2─ ─ ─ ─ ─ ─ ─ ─

7-14
months

1.84 1.29 2.64 2.00 1.39 2.88

15-26
months

1.31 0.91 1.89 1.33 0.92 1.91

27-50
months

Reference

51-74
months

1.10 0.53 2.26 1.12 0.54 2.34

75-263
months

1.00 0.34 2.94 1.02 0.34 3.02

Neonatal death

<=6
months

0.79 0.10 6.14 0.82 0.10 6.42

7-14
months

1.46 0.90 2.37 1.44 0.88 2.37

15-26
months

1.36 0.85 2.18 1.29 0.79 2.09

27-50
months

Reference

51-74
months

0.99 0.37 2.66 0.99 0.36 2.73

75-263
months

1.36 0.39 4.71 1.34 0.37 4.76

Preceding outcome=Neonatal Death

Index
outcome

Unadjusted Adjusted

Relative
risk ratio

Lower
CI

Upper
CI

Relative
risk ratio

Lower
CI

Upper
CI

Live birth Reference outcome

Spontaneous abortion

<=6
months

25.17 13.58 46.64 28.20 8.59 92.63

7-14
months

1.61 1.06 2.46 1.97 1.00 3.89

15-26
months

1.07 0.70 1.65 1.59 0.81 3.12
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compared to those that resulted in a live birth” (odds ratios
4.2, 2.0, and 17.4, respectively) [40]. The study concluded
that improved management of these outcomes was needed
in order to reduce the maternal mortality associated with
them. A Bangladesh study [21], based on 125,720 births,
found that “very short intervals (< 15 months) following
stillbirths and miscarriages were associated with signifi-
cantly increased risks of early neonatal mortality (RR =1.87,
p<0.001, and RR=1.48, p<0.01, respectively)” compared
with inter-outcome intervals of 36-59 months that followed
pregnancies in which the infant was born alive. The study
found that other intervals after pregnancies that began with
non-live birth outcomes also were associated with

significantly higher mortality risk and the and the effects
“did not vary much by interval length.” [21]. The authors of
this study recommended that women experiencing these
types of outcomes be advised to wait at least six months be-
fore becoming pregnant again.
Another Bangladesh study, based on 10,453 pregnan-

cies found that, compared with inter-pregnancy intervals
(IPIs) of 6-12 months, pregnancies that were conceived
<3 months after a miscarriage were more likely to result
in a live birth [41]. However, the study also found that
very short IPIs of <3 months following a miscarriage
were associated with significantly higher risk of late neo-
natal mortality for the infant born at the end of the IPI
(adjusted hazard ratio (HR) 1.74, 1.06 to 2.84). The
Conde-Agudelo study [8] found that in Latin America,
compared with post-abortion (spontaneous and induced)
IPIs of 18-23 months, inter-pregnancy intervals shorter
than 6 months were significantly associated with in-
creased risk of low birth weight, very low birth weight,
preterm delivery, very preterm delivery, and adverse ma-
ternal outcomes in the next pregnancy.
Somewhat in contrast to these findings, a study from

Bangladesh, based on 66,759 pregnancy outcomes, found
that “if the preceding pregnancy ended in a miscarriage or
stillbirth, there is an elevated risk that the index pregnancy
will end with the same outcome, regardless of the amount
of time since the previous pregnancy ended” [22]. The dif-
ferences in the results between studies conducted in higher
and lower resource settings, as well as within low-resource
settings, may be due to contextual differences such as the
availability of good healthcare facilities which helps ensure
that such high risk pregnancies are more closely monitored
and cared for. For example, DaVanzo’s data were drawn
from Matlab, Bangladesh, an area having higher quality
care, compared to services in rural, northeast Bangladesh.
Differences in nutritional status, risk of infections and gen-
etic predispositions may also be important factors.
Most of the studies in the literature have investigated the

effect of intervals defined as inter-pregnancy or inter-birth
depending on the available data [2, 5, 9, 10, 14, 28, 42, 43].
Considering that we did not have data on gestational age,
our intervals were defined according to DaVanzo et al. [21]
who studied pregnancy spacing and infant and child mor-
tality. Despite the difference in the target age groups, we
have found similar results to DaVanzo et al. They under-
took analysis with and without (i.e. using IOIs) having data
on gestational age, and the results were similar. The short-
est and longest intervals in our study were associated with
higher risks of adverse perinatal outcomes.
Evidence of effect modification of the interval by

maternal age has been found where the risk of pre-
term delivery for older mothers (aged >34 years) was
lower at shorter IPIs (<11 months) but higher at lon-
ger IPI’s (11-23 months) in comparison to mothers

Table 3 Unadjusted and adjusted Relative Risk Ratios1

(Continued)

Preceding outcome=spontaneous abortion

Index
outcome

Unadjusted Adjusted

Relative
risk ratio

Lower
CI

Upper
CI

Relative
risk ratio

Lower
CI

Upper
CI

27-50
months

Reference

51-74
months

1.06 0.46 2.44 1.05 0.27 4.06

75-263
months

2.98 1.32 6.74 1.97 0.49 7.91

Stillbirth

<=6
months

8.44 3.12 22.84 10.05 3.64 27.74

7-14
months

2.88 1.72 4.84 3.08 1.82 5.22

15-26
months

2.24 1.34 3.75 2.32 1.38 3.91

27-50
months

Reference

51-74
months

1.09 0.36 3.24 1.02 0.33 3.11

75-263
months

4.67 1.88 11.57 4.01 1.55 10.33

Neonatal death

<=6
months

3.17 1.33 7.59 3.22 1.33 7.80

7-14
months

2.83 2.08 3.84 2.81 2.06 3.84

15-26
months

1.71 1.25 2.33 1.70 1.24 2.33

51-74
months

0.52 0.22 1.24 0.54 0.23 1.28

75-263
months

1.07 0.41 2.78 1.14 0.43 3.01

1The reference IOI=27-50 months, reference outcome=live birth. Models
adjusted for multiple/single pregnancy; mother’s education, parity at current
birth, and maternal age at current birth; household socio-economic status
(SES) index; Projahnmo study arm; whether the mother attended at least one
antenatal care visit, and place of delivery (home versus facility )
2Too little data to get estimates; bias in recall of outcome dates
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aged 25-34 years [42]. In our analysis, we found no
evidence of interaction between IPI and mother’s age.
Our results have also provided further evidence of
clustering of adverse outcomes of the same type
within the same mother. An in-depth discussion of
clustering of neonatal deaths in this study population
was given previously [26], and a similar discussion in
an Indian setting was given by Williams et al. [44].

Mechanisms through which intervals affect outcomes
We identified two possible mechanisms that might explain
how short intervals may affect pregnancy outcomes: folate
depletion and vertical transmission of infection. We dis-
cuss these mechanisms because there is evidence in the
literature regarding these mechanisms’ effects on perinatal
outcomes (not just infant child outcomes) and there is
also evidence on Bangladeshi women’s health conditions
as they relate to these mechanisms.
Folate depletion has been hypothesized as a mechan-

ism through which short IPIs are associated with adverse
perinatal outcomes. If pregnancy occurs three to four
months after a birth, before sufficient repletion of folate
resources, the risk of another miscarriage may increase.
A review of seventeen studies in low, middle and high
income countries concluded that “strong evidence exists
that folate depletion occurs in women during the first
three to four months postpartum.”[45]. Studies in rural
Bangladesh have found folate deficiency in early preg-
nancy and among married, nulliparous women [46, 47].
One study of over 11,000 women examined folate levels,
miscarriage, and stillbirth, and found that, after adjust-
ment for confounders, compared to women without
supplemental folate intake, those in the highest category
of intake had a reduced relative risk of spontaneous
abortion of 0.80 (p=0.001 95% CI 0.71, 0.90) and re-
duced risk of stillbirth 0.55 (0.30, 1.00) (p=0.06) [48].
With respect to pregnancy intervals, one study found

that mean erythrocyte and serum folate levels were sig-
nificantly lower among women with short IPIs (6
months or less) compared to women with longer inter-
vals of 18-24 months (erythrocyte p=0.002; serum folate
p =0.00001) [49]. A second study did not find an associ-
ation between IPI and folic acid deficiency[50]. However,
this study examined only two categories of IPIs (≤30 and
> 30 months), and did not examine shorter intervals
such as less than 6, 6-11,12-17, 18-23, or 24-29 months.
A review of causal mechanisms concluded that there is

evidence to support the hypothesis that folate depletion
constitutes a hypothetical mechanism that explains the in-
creased risk of adverse perinatal outcomes in women with
short pregnancy intervals (43). However, this review fo-
cused on birth weight and small for gestational age out-
comes, rather than neonatal death, stillbirth, and
miscarriage.

With respect to vertical transmission of infections,
women infected with bacterial, fungal, or viral organisms
may harbor the organisms at a site from which the
newly-conceived fetus can be infected. One study noted
that, in theory, the risk of infection of the fetus could be
higher for women with short intervals because they have
less time to recover between pregnancies [45]. Studies have
found high prevalence of reproductive tract and sexually
transmitted infections in Bangladesh [51]. One analysis
concluded that cytomegalovirus, the most frequent con-
genital infection globally, is endemic in Bangladesh [52, 53].
It found that among 420 pregnant Bangladeshi women, the
prevalence of cytomegalovirus IgG antibody was 66.7% by
the age of 15-20 years, and 71.4% in the age group of 26-30
years. Studies have found an association between primary
cytomegalovirus infection, miscarriage and fetal, neonatal
and infant deaths [54, 55]. One study of 3,461 women
assessed the effect of the interval between births on the risk
of congenital CMV infection [56]. It found that women
who seroconverted between deliveries ≤ 24 months apart
had a four-fold higher risk of delivering a congenitally in-
fected baby than women who seroconverted between deliv-
eries >24 months apart (OR, 4.3; 95% CI, 1.4-14.2). This
study, however, did not adjust for confounding factors such
as maternal age, race, and socioeconomic status.

Study strengths and limitations
The first strength of our study is that our results are
based on a large sample size and the pregnancy history
survey was conducted as part of a household survey ra-
ther than in a hospital setting. Thus, our study was not
likely to suffer from selection bias resulting from sam-
pling only those who seek care at formal institutions.
Per criteria set forth for assessing the quality of observa-
tional studies on pregnancy spacing [28], we examined
five categories of IOI; controlled for 10 potential con-
founders, and we had only 2.3% missing outcomes.
The main limitation of our study is that CHWs re-

lied on pregnancy history recall rather than obtain-
ing data from medical records. Thus there were no
gestational ages which would have enabled us to in-
vestigate the inter-pregnancy interval effect. The er-
rors in the recall of timing of events may explain
why there are reported outcomes other than spon-
taneous abortion within the 6 months IOIs, which is
not possible. There may also be some misclassifica-
tion bias where early neonatal deaths were reported
as stillbirths and the other way round, and similarly
for spontaneous abortions and induced abortion.
However, to reduce errors in recall of dates, the
CHWs in our study carried a list of dates for histor-
ical events that happened in recent previous months
or years and they asked mothers to use those dates
as reference as well. Furthermore, a conversion

Nonyane et al. BMC Pregnancy and Childbirth           (2019) 19:62 Page 9 of 12



calendar was used so that if women reported a date
using a local calendar, a corresponding western cal-
endar date could be recorded.

Conclusion
Using pregnancy history recall and outcome dates, our
findings address a significant gap in the literature on the
combined effect of an adverse pregnancy outcome and
the length of an interval between pregnancies or preg-
nancy outcomes, on the risk of another adverse outcome
in a subsequent pregnancy. Our data suggest that, in
rural northeast Bangladesh, the six-month pregnancy
interval following any of three adverse events (stillbirth,
neonatal death, and spontaneous abortion) was associ-
ated with the highest risk of a spontaneous abortion in
the next pregnancy. Following a stillbirth, a less than 14
month inter-outcome interval (i.e., a < five month
inter-pregnancy interval) was associated with another
stillbirth or spontaneous abortion, and following a neo-
natal death, an inter-outcome interval less than 26
months (i.e.,< 17 month inter-pregnancy interval) was
associated with all three adverse outcomes.
Studies from other low-income settings have found bene-

fits of waiting six months before conceiving again. This sug-
gests that incorporating this advice in programs should be
considered, but further research is needed. A recent study
from rural Bangladesh has demonstrated that incorporating
post-partum family planning into the maternal and new-
born care packages can significantly improve birth spacing
and reduce the risk of preterm birth. Formative research in
Sylhet, Bangladesh, has shown that even though there is an
understanding of the benefits of healthy spacing, women
are not able to make their own pregnancy spacing decisions
[57]. Interventions that are suitable for the local culture
and that take gender inequalities into account are needed.
Such interventions should also take into account the par-
ents’ strong desire to quickly replace the lost child.
There is also a need for additional research to identify

genetic and other bio-markers that are associated with
clustering of adverse outcomes within mothers as has
been established in other settings [18, 58–62], and to de-
sign interventions to address them. The study authors
are currently pursuing this through a bio-repository with
maternal blood and urine samples collected during preg-
nancy and the postpartum period [63].

Additional file
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