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OBJECTIVE: To examine the association between interpregnancy interval and maternal–neonate health when
matching women to their successive pregnancies to
control for differences in maternal risk factors and compare these results with traditional unmatched designs.
METHODS: We conducted a retrospective cohort study
of 38,178 women with three or more deliveries (two or
greater interpregnancy intervals) between 2000 and 2015
in British Columbia, Canada. We examined interpregnancy interval (0–5, 6–11, 12–17, 18–23 [reference],
24–59, and 60 months or greater) in relation to neonatal
outcomes (preterm birth [less than 37 weeks of gestation], small-for-gestational-age birth [less than the 10th
centile], use of neonatal intensive care, low birth weight
[less than 2,500 g]) and maternal outcomes (gestational
diabetes, beginning the subsequent pregnancy obese
[body mass index 30 or greater], and preeclampsia–
eclampsia). We used conditional logistic regression to
compare interpregnancy intervals within the same
mother and unconditional (unmatched) logistic regression to enable comparison with prior research.
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RESULTS: Analyses using the traditional unmatched
design showed significantly increased risks associated
with short interpregnancy intervals (eg, there were 232
preterm births [12.8%] in 0–5 months compared with 501
[8.2%] in the 18–23 months reference group; adjusted
odds ratio [OR] for preterm birth 1.53, 95% confidence
interval [CI] 1.35–1.73). However, these risks were eliminated in within-woman matched analyses (adjusted OR
for preterm birth 0.85, 95% CI 0.71–1.02). Matched results indicated that short interpregnancy intervals were
significantly associated with increased risk of gestational
diabetes (adjusted OR 1.35, 95% CI 1.02–1.80 for 0–5
months) and beginning the subsequent pregnancy obese
(adjusted OR 1.61, 95% CI 1.05–2.45 for 0–5 months and
adjusted OR 1.43, 95% CI 1.10–1.87 for 6–11 months).
CONCLUSION: Previously reported associations between
short interpregnancy intervals and adverse neonatal outcomes may not be causal. However, short interpregnancy
interval is associated with increased risk of gestational
diabetes and beginning a subsequent pregnancy obese.
(Obstet Gynecol 2017;129:408–15)
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T

he World Health Organization currently recommends that the interval between a woman’s previous delivery and her subsequent conception (the
interpregnancy interval) should be a minimum of 2
years.1 This recommendation is based on studies indicating that both short (less than 18 months) and long
(greater than 59 months) interpregnancy intervals are
associated with increased risks of preterm birth, low
birth weight, small-for-gestational-age birth, and neonatal intensive care unit admission.2–6 Longer interpregnancy intervals have also been associated with
increased risk of preeclampsia.7
However, shorter interpregnancy intervals may
simply reflect differences in socioeconomic status,
lifestyle, and access to contraception—all conditions
that also tend to correlate with differences in
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reproductive risks.8,9 Convincing evidence that these
relationships may be heavily confounded has been
published. Erickson and Bjerkdal10 used Norwegian
data to examine the association between interpregnancy interval and birth weight and reported that it
was equally predictive of birth weight in the first and
second births. Given that the length of the interpregnancy interval should not affect birth weight in the first
birth, they concluded the relationship was unlikely to
be causal. More recently, Ball et al11 examined the
relationship between interpregnancy interval and
adverse neonatal outcomes matching interpregnancy
intervals in the same mother among women who
had three or more singleton live births in their study
period. They reported that the matched design showed
no statistically significant effects and questioned the
causal effect of short interpregnancy interval on
adverse birth outcomes. However, the relationship
between interpregnancy interval and maternal adverse
outcomes has received considerably less attention.
We build on these existing approaches by examining the association between interpregnancy interval
and adverse pregnancy outcome using a withinwoman matched analysis of successive pregnancies.
Using a mother as her own control aims to reduce
confounding by unmeasured, or difficult to measure,
determinants of health that are more likely to remain
constant within women over time but might otherwise
result in apparent increased risks with short and long
interpregnancy intervals.

MATERIALS AND METHODS
We conducted a retrospective cohort study and used
data from the British Columbia Perinatal Data Registry,
a database built from abstracted obstetric and neonatal
medical charts for more than 99% of deliveries in
British Columbia. To ensure completion and validity,
abstractors were trained in how to locate and abstract
data from the medical chart and provincially standardized forms were available and widely used across the
province. Ongoing quality checks helped ensure completion and validity of database variables and the
information in the Registry was recently found to be
valid.12 Women who delivered more than one neonate
during our study period were identified through probabilistic linkage using a combination of Personal Health
Number (a unique lifetime identifier given to each British Columbia resident), first and last names, and date of
birth. Research ethics approval was obtained from the
University of British Columbia’s and Children’s and
Women’s Clinical Research Ethics Board.
Our primary analyses included all women with at
least three singleton deliveries (ie, two interpregnancy
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intervals) in British Columbia between April 1, 2000,
and March 31, 2015, delivered at 20–44 weeks of gestation inclusive. We did not exclude stillbirths or terminations. Sensitivity analyses examined all women
with at least two singleton deliveries (one interpregnancy interval) during the study period.
Interpregnancy interval was defined as the number of months between the delivery date of the first
neonate and the conception date of the subsequent
pregnancy, which was estimated using the delivery
date of the second neonate minus its gestational age at
birth. Interpregnancy interval was modeled as a categorical variable classified as: 0–5 months, 6–11
months, 12–17 months, 18–23 months (reference category), 24–59 months, and 60 months or greater.
Neonatal outcomes included preterm birth (delivery less than 37 completed weeks of gestation), low
birth weight (birth weight less than 2,500 g), and smallfor-gestational-age birth (SGA, less than the 10th
centile for sex and gestational age). We also examined
neonatal intensive care use; however, analyses were
restricted to the years 2006–2015 as a result of changes
in data collection for this variable. Maternal outcomes
included gestational diabetes (International Classification of Diseases, 10th Revision codes O24.4, O24.8 or
O24.9 or International Classification of Diseases, 9th
Revision code 648.0), prepregnancy obesity (body
mass index [BMI, calculated as weight (kg)/[height
(m)]2] 30 or greater), and preeclampsia or eclampsia
(International Classification of Disease, 10th Revision
codes O11.x or O13.x or O14.x or O15.x or International Classification of Diseases, 9th Revision codes
642.3x, 642.4x, 642.5x or 642.6x).
We controlled for possible confounders including
maternal age at the time of each delivery, delivery year,
diabetes (both pre-existing and gestational with the
exception of models examining risk of gestational
diabetes), hypertension (defined as any diagnosis of high
blood pressure, which was not controlled for in models
examining preeclampsia or eclampsia), smoking during
pregnancy, and history of perinatal death. Prepregnancy
BMI data is missing for approximately 25% of women in
our cohort, so we conducted a sensitivity analysis
examining whether inclusion of maternal BMI when
entering the first pregnancy in our study period changed
our point estimates. None of our point estimates
changed by more than 10% when restricting to women
with complete BMI information, so we present the
results for the entire cohort unadjusted for BMI.
We first ran unconditional logistic regression to
calculate the population-level association between
interpregnancy interval and adverse outcome (ie, the
conventional approach that examines differences
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between women). Confidence intervals (CIs) were
adjusted to account for nonindependence of successive deliveries to the same woman. Next we used
conditional logistic regression to estimate the effect
of interpregnancy interval on adverse pregnancy
outcome within the same woman (ie, a successive
pregnancy-matched design within the same woman).
This approach matched a woman to her successive
pregnancies, which controlled for characteristics that
do not change or remain highly stable over time. We
evaluated the potential for confounding in the
conventional models by comparing the odds ratios
(ORs) and 95% CIs obtained from the unconditional
(between-women) model with those from the conditional (within-woman) models.
To examine whether meaningful differences existed in women with at least three deliveries from
women who had only two births, we conducted
a sensitivity analysis comparing our between-women
estimates with those from a model including the larger
cohort of women in British Columbia with two or
more deliveries (ie, one or more interpregnancy
interval). We expected that, if the relationship
between interpregnancy interval and adverse pregnancy outcomes was significantly different in women
with three or more deliveries compared with women
with two or more deliveries, the sensitivity analysis
using unconditional logistic regression to compare
between women would result in significantly different

effect estimates when examining women with three or
more deliveries compared with women with two or
more deliveries.

RESULTS
There were 411,699 deliveries in British Columbia
during our study period, including 183,442 to women
with two or more deliveries and 39,712 to women
with three or more deliveries. Excluding women who
delivered multiples and those with extreme gestational ages (less than 20 weeks or greater than 44
weeks of gestation) as well as those with missing
outcome data left 178,709 women with at least two
deliveries and 38,178 women with at least three
deliveries. Of these 38,178 women, only 20,664 had
available data for neonatal intensive care use (ie,
neonates born 2006–2015) and 20,771 had complete
data on BMI.
Approximately 4% of deliveries occurred after an
interpregnancy interval of 0–5 months, 22% after an
interpregnancy interval of 12–17 months, and 32%
after an interpregnancy interval of 24–59 months
(Table 1). Women with shorter interpregnancy intervals tended to be younger and were more likely to
have had a previous perinatal death than women in
other categories. Rates of diabetes and smoking during pregnancy were higher at the short and long extremes of the interpregnancy interval categories. Any
diagnosis of hypertension was more likely among
women with a long interpregnancy interval (Table 2).

Table 1. Characteristics of the Study Population by Interpregnancy Interval for Both Second and Third
Births
Interpregnancy Interval (mo)
Characteristic
Total (N576,356)
2nd birth (n538,178)
3rd birth (n538,178)
Delivery year
April 1, 2000–March 31, 2005
April 1, 2005–March 31, 2010
April 1, 2010–March 31, 2015
Maternal age (y)
0–17
18–24
25–29
30–34
35–39
40 or older
Diabetes
Any hypertension
Smoked during pregnancy
Previous perinatal death

0–5

6–11

12–17

18–23

24–59

60 or More

3,242
1,815
1,427

14,607
8,255
6,352

16,772
9,339
7,433

12,069
6,180
5,889

24,541
10,568
13,973

5,125
2,021
3,104

990 (30.5)
1,368 (42.2)
884 (27.3)

3,738 (25.6)
6,447 (44.1)
4,422 (30.3)

3,634 (21.7)
7,538 (44.9)
5,600 (33.4)

2,216 (18.4)
5,584 (46.3)
4,269 (35.4)

2,116 (8.6)
11,817 (48.2)
10,608 (43.2)

0 (0)
1,589 (31.0)
3,536 (69.0)

44 (1.4)
1,089 (33.6)
1,007 (31.1)
778 (24.0)
288 (8.9)
36 (1.1)
260 (8.0)
93 (2.9)
544 (16.8)
421 (13.0)

81 (0.6)
3,433 (23.5)
4,941 (33.8)
4,253 (29.1)
1,704 (11.7)
195 (1.3)
869 (6.0)
363 (2.5)
1,458 (10.0)
655 (4.5)

24 (0.1)
2,789 (16.6)
5,420 (32.3)
5,902 (35.2)
2,315 (13.8)
322 (1.9)
1,069 (6.4)
452 (2.7)
1,217 (7.3)
442 (2.6)

16 (0.1)
1,850 (15.3)
3,649 (30.2)
4,346 (36.0)
1,924 (15.9)
284 (2.4)
830 (6.9)
392 (3.3)
996 (8.3)
269 (2.2)

10 (0.04)
3,403 (13.9)
7,276 (29.7)
8,418 (34.3)
4,653 (19.0)
781 (3.2)
2,188 (8.9)
900 (3.7)
2,965 (12.1)
490 (2.0)

0 (0)
202 (3.9)
1,291 (25.2)
1,918 (37.4)
1,366 (26.7)
348 (6.8)
629 (12.3)
270 (5.3)
935 (18.2)
91 (1.8)

Data are n or n (%).

410

Hanley et al

Interpregnancy Interval and Adverse Outcomes

OBSTETRICS & GYNECOLOGY

Copyright ª by The American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.
Unauthorized reproduction of this article is prohibited.

Table 2. Rates of Neonatal and Maternal Adverse Outcomes by Interpregnancy Interval and Birth Number
Interpregnancy Interval (mo)
Neonatal and Maternal Adverse
Outcome
Preterm birth
2nd birth
3rd birth
SGA birth
2nd birth
3rd birth
Neonatal intensive
care use (n520,664)
2nd birth
3rd birth
Low birth weight
2nd birth
3rd birth
Gestational diabetes
2nd birth
3rd birth
Entering pregnancy
obese (n518,407)
2nd birth
3rd birth
Preeclampsia–eclampsia
2nd birth
3rd birth

Total

0–5

6–11

12–17

18–23

24–59

60 or
More
244 (12.1)
371 (12.0)

3,422 (9.0)
3,665 (9.6)

232 (12.8) 714 (8.7) 707 (7.6)
227 (15.9) 650 (10.2) 607 (8.2)

501 (8.1)
505 (8.6)

1,024 (9.7)
1,305 (9.3)

1,946 (5.1)
1,659 (4.4)

108 (6.0)
82 (5.8)

411 (5.0)
258 (4.1)

420 (4.5)
287 (3.9)

291 (4.7)
237 (4.0)

593 (5.7)
624 (4.5)

123 (6.1)
171 (5.5)

1,109 (5.4)
1,701 (5.3)

51 (6.7)
72 (7.1)

212 (5.4)
272 (5.8)

230 (4.8)
261 (4.6)

142 (4.5)
241 (5.0)

330 (5.4)
650 (5.1)

144 (7.6)
205 (6.6)

1,886 (4.9)
1,645 (4.3)

143 (7.9)
107 (7.5)

346 (4.2)
293 (4.6)

369 (4.0)
267 (3.6)

304 (4.9)
197 (3.4)

589 (5.6)
604 (4.3)

135 (6.7)
177 (5.7)

2,202 (5.8)
3,319 (8.7)

119 (6.6)
128 (9.0)

399 (4.8)
426 (6.7)

452 (4.8)
565 (7.6)

338 (5.5)
442 (7.5)

718 (6.8)
1,345 (9.6)

176 (8.7)
413 (13.3)

3,501 (14.2) 184 (17.4) 717 (13.5) 720 (11.7) 529 (12.8) 1,104 (16.3) 247 (18.8)
4,256 (17.0) 173 (21.6) 701 (18.1) 721 (14.9) 607 (15.3) 1,613 (17.1) 441 (20.5)
796 (2.1)
1,093 (2.9)

28 (1.5)
30 (2.1)

132 (1.6)
127 (2.0)

161 (1.7)
169 (2.3)

118 (1.9)
187 (3.2)

284 (2.7)
441 (3.2)

73 (3.6)
139 (4.5)

SGA, small for gestational age.
Data are n (%).

Rates of all adverse neonatal outcomes were
higher among women with the shortest and longest
interpregnancy intervals than those in the middle
categories (Table 2). Gestational diabetes and prepregnancy obesity were more common among
women with both shorter and longer intervals,
whereas preeclampsia–eclampsia was more common
among women with the longest intervals. Given that
conditional logistic regression models primarily take
advantage of discordance within the same mother, we
present tables outlining the discordance between interpregnancy interval categories and the outcomes of
interest across the two pregnancies in the same
mother in Appendices 1 and 2, available online at
http://links.lww.com/AOG/A921.
We report in detail on the between-women
analyses to facilitate comparison with previous research
that has used this statistical approach and to highlight
how the associations change when using a withinwoman approach. In unconditional (unmatched) logistic regression analyses, short interpregnancy interval
was associated with increased risk of preterm birth,
SGA birth, and low birth weight (Table 3). Women
with an interpregnancy interval of 0–5 months were
significantly more likely to have neonates born preterm
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(adjusted OR 1.53, 95% CI 1.35–1.73), to have a neonate born SGA (adjusted OR 1.26, 95% CI 1.06–1.50),
and to have a low-birth-weight neonate (adjusted OR
1.64, 95% CI 1.39–1.94). Longer interpregnancy interval was also significantly associated with increased risk
of preterm birth, SGA birth, a low-birth-weight neonate, and neonatal intensive care use with an adjusted
OR of 1.44 (95% CI 1.23–1.67) for an interpregnancy
intervals of 60 months or greater. Increased risks were
reported for women with interpregnancy intervals of
24–59 months for preterm birth, SGA birth, and low
birth weight (adjusted OR 1.11, 95% CI 1.02–1.20;
adjusted OR 1.13, 95% CI 1.02–1.26; and adjusted
OR 1.14, 95% CI 1.03–1.27, respectively).
In the matched design of conditional logistic
regression, interpregnancy intervals shorter than the
reference category were no longer associated with
significantly increased risk of any of the adverse
neonatal outcomes (Table 4). Rather, short interpregnancy intervals appeared protective for low birth
weight for women in the two shortest interpregnancy
interval categories (adjusted OR 0.57, 95% CI 0.46–
0.72 for interpregnancy interval of 0–5 months and
adjusted OR 0.79, 95% CI 0.66–0.95 for women with
an interpregnancy interval of 6–11 months). Long
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Table 3. Neonatal Outcomes and Interpregnancy Interval
Unmatched But Restricted to Women
With 3 Live Births (n538,178)
Unadjusted

Outcome
Preterm birth (mo)
0–5
6–11
12–17
18–23
24–59
60 or greater
SGA birth (mo)
0–5
6–11
12–17
18–23
24–59
60 or greater
Neonatal intensive care
use (n520,664) (mo)
0–5
6–11
12–17
18–23
24–59
60 or greater
Low birth weight (mo)
0–5
6–11
12–17
18–23
24–59
60 or greater

Adjusted*

Matched and Restricted to Women
With 3 Live Births (n538,178)
Unadjusted

Adjusted*

1.81
1.13
0.93
1.00
1.15
1.50

(1.61–2.04)
(1.04–1.23)
(0.85–1.01)
(referent)
(1.07–1.25)
(1.35–1.67)

1.53
1.10
0.94
1.00
1.11
1.33

(1.35–1.73)
(1.02–1.21)
(0.87–1.03)
(referent)
(1.02–1.20)
(1.19–1.49)

0.84
0.90
0.95
1.00
1.05
1.28

(0.71–1.01)
(0.78–1.03)
(0.83–1.09)
(referent)
(0.93–1.19)
(1.08–1.52)

0.85
0.91
0.97
1.00
0.99
1.09

(0.71–1.02)
(0.79–1.04)
(0.84–1.11)
(referent)
(0.88–1.13)
(0.91–1.30)

1.36
1.05
0.96
1.00
1.14
1.33

(1.15–1.62)
(0.93–1.18)
(0.86–1.08)
(referent)
(1.03–1.27)
(1.15–1.55)

1.26
1.03
0.97
1.00
1.13
1.29

(1.06–1.50)
(0.92–1.16)
(0.86–1.09)
(referent)
(1.02–1.26)
(1.10–1.50)

0.82
0.87
1.01
1.00
0.97
0.98

(0.63–1.06)
(0.72–1.04)
(0.84–1.21)
(referent)
(0.82–1.14)
(0.78–1.22)

0.81
0.85
1.00
1.00
1.06
1.21

(0.62–1.06)
(0.71–1.03)
(0.84–1.21)
(referent)
(0.89–1.25)
(0.94–1.54)

1.46
1.17
0.97
1.00
1.08
1.48

(1.19–1.80)
(1.02–1.34)
(0.84–1.11)
(referent)
(0.96–1.22)
(1.27–1.72)

1.19
1.13
0.98
1.00
1.05
1.44

(0.96–1.48)
(0.99–1.30)
(0.85–1.12)
(referent)
(0.93–1.18)
(1.23–1.67)

1.14
1.15
1.07
1.00
0.91
1.42

(0.80–1.62)
(0.90–1.45)
(0.85–1.36)
(referent)
(0.73–1.14)
(1.05–1.92)

1.11
1.10
1.04
1.00
0.94
1.39

(0.78–1.60)
(0.87–1.41)
(0.82–1.32)
(referent)
(0.75–1.17)
(1.02–1.90)

1.93
1.06
0.91
1.00
1.18
1.50

(1.65–2.26)
(0.94–1.19)
(0.81–1.03)
(referent)
(1.06–1.31)
(1.29–1.73)

1.64
1.03
0.92
1.00
1.14
1.35

(1.39–1.94)
(0.92–1.16)
(0.82–1.04)
(referent)
(1.03–1.27)
(1.16–1.57)

0.56
0.79
0.96
1.00
1.09
1.24

(0.45–0.70)
(0.66–0.94)
(0.80–1.15)
(referent)
(0.92–1.28)
(0.98–1.57)

0.57
0.79
0.96
1.00
1.11
1.31

(0.46–0.72)
(0.66–0.95)
(0.79–1.15)
(referent)
(0.94–1.31)
(1.02–1.68)

SGA, small for gestational age.
Bold indicates significance at the 95% confidence level.
* Adjusted for maternal age at the time of each delivery, delivery year, diabetes, hypertension, smoking during pregnancy, and history of
perinatal death.

interpregnancy intervals of 60 months or greater remained significantly associated with increased risk of
neonatal intensive care use (adjusted OR 1.39, 95% CI
1.02–1.90) and low birth weight (adjusted OR 1.31,
95% CI 1.02–1.68).
The unmatched analyses (Table 4) indicate that
women were at increased risk of gestational diabetes
and prepregnancy obesity if their interpregnancy intervals were 0–5 months (adjusted OR 1.47, 95% CI 1.26–
1.72 and adjusted OR 1.29, 95% CI 1.06–1.50, respectively) or greater than 24 months. Only women with
interpregnancy intervals 60 months or greater were at
increased risk of preeclampsia–eclampsia (adjusted OR
1.31, 95% CI 1.09–1.58). Women with interpregnancy
intervals less than 18–23 months all appeared to be at
slightly lower risk of preeclampsia–eclampsia.
In conditional logistic regression models, only
gestational diabetes and entering the pregnancy obese
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were significantly associated with a short interpregnancy interval. The highest adjusted OR was for
entering a pregnancy obese among women with an
interpregnancy interval of 0–5 months (adjusted OR
1.61, 95% CI 1.05–2.45). Entering a pregnancy obese
was also significantly associated with an interpregnancy interval of 6–11 months (adjusted OR 1.43,
95% CI 1.10–1.87). The risk of gestational diabetes
was also significantly increased among women with
an interpregnancy interval of 0–5 months (adjusted
OR 1.35, 95% CI 1.02–1.80). Women with an interpregnancy interval of 12–18 months had significantly
lower odds of preeclampsia–eclampsia (adjusted OR
0.71, 95% CI 0.54–0.94).
Sensitivity analyses conducted using unconditional
logistic regression models among all women who had
at least two births are reported in Appendices 3 and 4,
available online at http://links.lww.com/AOG/A921.
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Table 4. Maternal Outcomes and Interpregnancy Interval
Unmatched But Restricted to Women
With 3 Live Births (n538,178)
Unadjusted

Outcome
Gestational diabetes (mo)
0–5
6–11
12–17
18–23
24–59
60 or greater
Obese at beginning of
pregnancy (n518,407) (mo)
0–5
6–11
12–17
18–23
24–59
60 or greater
Preeclampsia (mo)
0–5
6–11
12–17
18–23
24–59
60 or greater

Adjusted*

Matched and Restricted to Women
With 3 Live Births (n538,178)
Unadjusted

Adjusted*

1.19
0.87
0.93
1.00
1.32
1.88

(1.03–1.39)
(0.78–0.96)
(0.85–1.03)
(referent)
(1.22–1.45)
(1.68–2.10)

1.47
1.00
0.99
1.00
1.22
1.32

(1.26–1.72)
(0.90–1.11)
(0.90–1.09)
(referent)
(1.12–1.33)
(1.18–1.48)

1.15
0.84
0.93
1.00
1.29
2.11

(0.87–1.51)
(0.69–1.01)
(0.78–1.11)
(referent)
(1.10–1.52)
(1.71–2.62)

1.35
0.99
1.01
1.00
0.97
1.02

(1.02–1.80)
(0.81–1.20)
(0.84–1.23)
(referent)
(0.81–1.16)
(0.80–1.32)

1.46
1.12
0.92
1.00
1.23
1.51

(1.28–1.66)
(1.03–1.22)
(0.85–1.00)
(referent)
(1.14–1.33)
(1.36–1.68)

1.29
1.09
0.92
1.00
1.17
1.34

(1.13–1.48)
(1.00–1.19)
(0.85–1.01)
(referent)
(1.08–1.27)
(1.20–1.49)

1.35
1.26
1.01
1.00
1.26
1.72

(0.90–2.02)
(0.97–1.62)
(0.79–1.31)
(referent)
(1.01–1.58)
(1.28–2.29)

1.61
1.43
1.10
1.00
1.01
0.79

(1.05–2.45)
(1.10–1.87)
(0.85–1.43)
(referent)
(0.80–1.29)
(0.56–1.11)

0.70
0.70
0.77
1.00
1.17
1.66

(0.53–0.93)
(0.59–0.83)
(0.66–0.90)
(referent)
(1.02–1.35)
(1.39–2.00)

0.73
0.74
0.79
1.00
1.09
1.31

(0.55–0.97)
(0.62–0.87)
(0.68–0.93)
(referent)
(0.95–1.25)
(1.09–1.58)

0.77
0.66
0.92
1.00
1.31
2.23

(0.49–1.21)
(0.50–0.86)
(0.71–1.18)
(referent)
(1.04–1.65)
(1.60–3.10)

0.83
0.71
0.96
1.00
1.09
1.39

(0.53–1.31)
(0.54–0.94)
(0.74–1.24)
(referent)
(0.86–1.38)
(0.97–2.00)

Bold indicates significance at the 95% confidence level.
* Adjusted for maternal age at the time of each delivery, delivery year, diabetes (both pre-existing and gestational, with the exception of
models examining risk of gestational diabetes), hypertension (defined as any diagnosis of high blood pressure, which was not controlled
for in models examining preeclampsia or eclampsia), smoking during pregnancy, and history of perinatal death.

These results are very similar to those reported for the
unmatched (between-women) analyses in our cohort of
women with three or more births. The ORs suggest
a strong effect of short and long interpregnancy interval
on preterm birth, neonatal intensive care use, and low
birth weight (Appendix 3, http://links.lww.com/AOG/
A921). With respect to maternal adverse outcomes,
Appendix 4, available online at (http://links.lww.
com/AOG/A921), indicates that short interpregnancy
intervals increase risk of gestational diabetes and entering a pregnancy obese. Long interpregnancy intervals
were associated with an increased risk of gestational
diabetes, entering a pregnancy obese, and
preeclampsia–eclampsia.

DISCUSSION
Our study found that the majority of associations
between interpregnancy interval and adverse neonatal
outcomes (preterm birth, SGA birth, and low birth
weight) observed using the conventional betweenwomen analysis was no longer significant when
women were used as their own controls. This suggests
that factors that remain constant or relatively stable
for a given woman over successive pregnancies (eg,
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socioeconomic status, lifestyle factors, and access to
care) are important confounders in the relationship
between interpregnancy interval and the adverse
neonatal outcomes of preterm birth, SGA, low birth
weight, and use of neonatal intensive care.
With respect to maternal outcomes, the findings
were more nuanced. In the unconditional (betweenwomen) models, women with short and long interpregnancy intervals were more likely to have
gestational diabetes and to enter a pregnancy obese.
Women with long interpregnancy intervals were
more likely to have preeclampsia–eclampsia. However, in the matched analysis, the relationships that
remained statistically significant were between short
interpregnancy interval and gestational diabetes or
entering the pregnancy obese. Given that short interpregnancy intervals provide less time to lose
weight from a previous pregnancy, this may increase
the likelihood of beginning the next pregnancy obese
and, given the relationship between prepregnancy
BMI and gestational diabetes,13 short intervals then
also increase the likelihood of developing gestational
diabetes. Previous work has reported that weight
retention between first and second pregnancies is
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a risk factor for gestational diabetes and pregnancyinduced hypertension.14
Contrary to a large body of previous
research,2–4,9,13,15–19 our research does not support
a relationship between short interpregnancy intervals and adverse neonatal outcomes nor does it
support a relationship between long interpregnancy interval and adverse maternal outcomes.
Our research is consistent with the previous
analyses by Erickson and Bjerkdal10 reporting that
the associations between interpregnancy interval
and birth weight of the first birth were similar to that
between interpregnancy interval and the birth weight
of the second birth as well as with the more recent
work by Ball et al11 examining the relationship
between interpregnancy interval and preterm birth,
SGA birth, and low birth weight among women in
Perth, Australia, matching interpregnancy intervals
within the same mother. Ball et al11 reported that
the matched design showed no statistically significant
associations between short interpregnancy interval
and preterm birth, low birth weight, and SGA birth
leading them to question the causal effect of short
interpregnancy interval on adverse birth outcomes.
However, our findings differ with respect to long interpregnancy intervals, because Ball et al reported
that a long interpregnancy interval remained statistically significantly associated with SGA birth, which
was not the case in our data. Rather the increased risk
of a long interpregnancy interval persisted for low
birth weight and neonatal intensive care use in our
data (which was not an outcome studied by Ball et al).
Our study additionally considers the effect of interpregnancy interval on maternal health by examining
important outcomes such as gestational diabetes,
beginning the pregnancy obese, and preeclampsia–
eclampsia.
Our study has several limitations. We lacked
data on some potentially important confounders,
including data on fertility issues, pregnancy intention, and pregnancy losses before 20 weeks of
gestation. Given the lack of data on pregnancy losses,
we calculated our interpregnancy interval using
pregnancies that resulted in either live or stillbirth
at or after 20 weeks of gestation. Calculating intervals
relative to pregnancy losses may change our effect
estimates depending on the effects and frequency of
pregnancy losses. Previous research has shown that
women with a history of prior spontaneous and
induced abortions are at increased risk of adverse
outcomes, including preterm birth.20 However,
because this lack of data would have affected both
our unmatched and matched analyses, they are
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unlikely to explain the differences observed between
the two approaches. Our lack of data on fertility issues and unplanned pregnancies may confound our
estimates because infertility is likely to increase both
the length of the interpregnancy interval and the risk
of adverse outcomes,21,22 whereas unplanned pregnancies are more likely to result in either short or
long interpregnancy intervals and also have been
associated with increased risk of adverse outcomes23;
however, these missing data would affect both
the between-women and within-woman analyses
equally. We were also limited by missing data on
BMI for approximately 25% of our sample; however,
our sensitivity analysis suggested that the relationships were consistent between the full sample and
the 75% of the sample with complete BMI information. Finally, complete capture of neonatal intensive
care data was available only for births between 2006
and 2015. Thus, our conclusions regarding neonatal
intensive care use are based on a small sample size
and our analyses of maternal BMI should be interpreted with caution.
Our results may not be generalizable to women in
developing countries. In developing countries, it is
more likely that concerns regarding nutrient depletion
in pregnancy may affect the association between short
interpregnancy interval and neonatal outcomes
because women may have less access to the types of
nutrition required to replenish folate and iron
stores.11,24 Our study is also limited by the small number of women with three or more successive deliveries
in our data. It is possible that the association between
interpregnancy interval and adverse pregnancy outcomes differs among the highly selected cohort of
women with three or more successive deliveries.
However, the consistency of the findings from the
traditional logistic regression models between the
women with at least two deliveries over the study
period and the women with three or more deliveries
suggests that it is unlikely that our results are reflective
of differences in the two cohorts of women.
Despite the consistency of reports of increased
risk among women with short and long interpregnancy intervals for adverse neonatal and maternal
outcomes, our research suggests that much of this
work may be biased as a result of important methodologic flaws. Given the current recommendations
regarding interpregnancy intervals, more work is
needed to clarify these relationships and to examine
the generalizability of our findings so that recommendations around lengths of interpregnancy intervals will confer the most possible benefit to mothers
and their neonates.
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