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Abstract

Women with specific adverse pregnancy outcomes in their first pregnancy may be receptive
to inter-pregnancy weight management guidance aimed at preventing these complications
reoccurring in subsequent pregnancies. Thus the association between inter-pregnancy
weight change and the risk of recurrent pregnancy complications at the second pregnancy
was investigated in a retrospective cohort study of 24,520 women with their first-ever and
second consecutive deliveries in Aberdeen using logistic regression. Compared with
women who were weight stable, weight loss (>2BMI units) between pregnancies was asso-
ciated with an increased risk of recurrent small for gestational age (SGA) birth and elective
Cesarean-section, and was protective against recurrent pre-eclampsia, placental oversize
and large for gestational age (LGA) birth. Conversely weight gain (>2BMI units) between
pregnancies increased the risk of recurrent gestational hypertension, placental oversize
and LGA birth and was protective against recurrent low placental weight and SGA birth. The
relationships between weight gain, and placental and birth weight extremes were evident
only in women with a healthy weight at first pregnancy (BMI<25units), while that between
weight gain and the increased risk of recurrent gestational hypertension was largely inde-
pendent of first pregnancy BMI. No relationship was detected between inter-pregnancy
weight change and the risk of recurrent spontaneous preterm delivery, labour induction,
instrumental delivery, emergency Cesarean-section or postpartum hemorrhage. Therefor
inter-pregnancy weight change impacts the risk of recurrent hypertensive disorders, SGA
and LGA birth and women with a prior history of these specific conditions may benefit from
targeted nutritional advice to either lose or gain weight after their first pregnancy.

Introduction

Serious pregnancy complications including hypertensive disorders, preterm birth, low birth-
weight and small for gestational age (SGA) birth occur most frequently in primiparous com-
pared with multiparous women [1-3]. Nevertheless, women affected by these complications
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during their first pregnancy are at increased risk of these complications recurring subsequently.
Typically in women with a history of pre-eclampsia the incidence of recurrent hypertensive
disease varies from 11-65% [4-6], while the probability of a second spontaneous preterm birth
is 3 to 4 fold- higher after an early first-delivery compared with women whose first deliveries
were at term [7-9]. Likewise, women with a history of delivering a small neonate are reported
to have a 4-8 fold greater risk of recurrent SGA or low birthweight in the next pregnancy com-
pared with women whose firstborns grew normally in utero [10-13].

The pathophysiology underlying these recurrent and heterogeneous pregnancy complica-
tions likely involves intrinsic and extrinsic (environmental) influences. Of the potentially mod-
ifiable environmental factors there is evidence for a variable role of maternal smoking, inter-
pregnancy interval, socioeconomic status and quality of antenatal care [14-17]. Maternal BMI
has a profound impact on pregnancy outcome [18,19], and previous analyses show that inter-
pregnancy weight change in both directions variously alters the incident or primary risk of
experiencing a range of pregnancy complications at the second pregnancy including hyperten-
sive disease, stillbirth, premature delivery, extremes of placental weight, SGA and large for ges-
tational age (LGA) birth [3, 20-25]. However, there is a paucity of studies evaluating the
relationship between inter-pregnancy weight change and recurrent pregnancy complications
and this has been addressed herein in order to better inform weight management guidance in
women with both a healthy and unhealthy weight at first maternity. Our analysis suggests that
appropriate weight management between pregnancies has the potential to modify the recurrent
risk of hypertensive disorders, SGA and LGA birth in women with a prior history of these spe-
cific conditions.

Methods
Study Population

This was a retrospective cohort study using data from the Aberdeen Maternity and Neonatal
Databank (AMND). Data were entered by dedicated coding staff into a computerized database.
Consistency checks and verification against case-notes ensured data validity. This involved
checking completeness of data entry against NHS returns monthly and constant data cleaning
and validation against case notes reported quarterly by the Data Management team to the
AMND Steering Committee. Ethical approval was granted by the North of Scotland Research
Ethics Service (REC Ref 13/NS/0050) for observational studies using routinely collected anon-
ymized data from AMND, provided permission was granted by the Steering Committee (Caldi-
cott guardians). After obtaining permission, data were extracted for all singleton births after 24
weeks’ gestation in Aberdeen city and district from 1986 and 2013. The population was women
who had their first-ever and second consecutive births in Aberdeen, who booked for antenatal
care before 24 weeks gestation on both occasions and whose height and weight were measured
and recorded at the booking visit. After excluding women (n = 1501) with missing data for key
variables (primarily placental weight), a final population of 24,520 was available for analysis.

Study Design

Maternal weight at first antenatal visit for each pregnancy was adjusted to take into account
stage of gestation when weight was measured, using maternal conformation data for women
from the same geographical area [26]. Briefly this involved obtaining the z score of weight for
height (difference between weight and mean weight for height, relative to standard deviation),
adjusting this by adding a constant that depended on stage of gestation, and then recalculating
a weight using only this adjusted z score. The resulting corrected weight was then used with the
unadjusted height to calculate an adjusted BMI (weight/height?). Although the mean
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individual difference in gestational age at the initial hospital visit in the first versus the second
pregnancy was small (1 + 4 weeks, mean + sd) this approach meant that maternal BMI calcu-
lated for both pregnancies was corrected to a standard stage of gestation for all women studied.
Moreover as a small percentage of women had their first hospital visit after 16 weeks gestation
(12 and 7% of women in first and second pregnancies), this approach facilitated inclusion of
women who had a first booking appointment up to 24 weeks gestation. These adjusted mater-
nal BMIs were used to calculate the inter-pregnancy change in BMI and women were catego-
rized as follows: women who decreased their BMI by >2units (BMI/weight loss group),
women who increased their BMI by >2units (BMI/weight gain group), and women who main-
tained their BMI within a 2unit loss or gain (BMI/weight stable = reference group). Initial BMI
at the beginning of the first pregnancy was categorized using conventional cut-offs for under-
weight (<18.5), normal weight (18.5-24.9), overweight (25.0-29.9) or obese (>30). The inter-
delivery interval was calculated in years between the birth of the first and second child. Other
covariates including maternal age, height and smoking habit were grouped as detailed in the
relevant table.

The focus was pregnancy complications that recur relatively frequently at first and second
pregnancy, thus rarely recurring complications such as stillbirth and neonatal mortality were
not considered. The pregnancy complications and obstetric outcomes assessed included pre-
eclampsia and gestational hypertension (coded according to ISSHP definition), postpartum
hemorrhage (defined as blood loss of >500ml or 1000ml at vaginal or Cesarean delivery,
respectively), type of labor (spontaneous or induced or elective Cesarean), type of delivery
(spontaneous vaginal, instrumental, elective or emergency Cesarean) and spontaneous preterm
delivery (<37weeks). Gestational age was recorded according to last menstrual period and was
confirmed by ultrasound. Perinatal outcomes were birthweight and placental weight. The latter
was weighed untrimmed and recorded to the nearest 10g. Birthweight was defined as SGA if
weight was less than the 10 centile or LGA if weight was above the 90" centile for gestation
using gender and parity specific birthweight charts for Scottish singleton births [27]. Similarly
gestational age, gender and parity specific placental weight charts were used to define low
(<10™centile) and high (>90"centile) placental weight [28].

Statistical Analysis

The frequency of maternal characteristics at first maternity and complication incidence during
first and second pregnancies only or in both pregnancies in relation to the BMI-change cate-
gory between pregnancies was analyzed by Chi-Square (Table 1). Distribution of inter-
pregnancy weight (BMI) change as a continuous variable was compared with maternal charac-
teristics and pregnancy outcomes as categorical predictors using one-way ANOVA followed
posthoc by Tukey’s method. The effect of initial BMI category at first pregnancy and BMI
change category between pregnancies on BMI/weight-change was also analyzed using one-way
ANOVA (Table 2). In Table 3 the recurrent and incident risk of each pregnancy complication
was compared by Chi-Square tests. The significance of any trend in the recurrence rate of each
complication (i.e. whether detected in both pregnancies) in relation to the BMI change since
the first pregnancy (Table 4) was evaluated by Cochran-Armitage test. The risk of specific preg-
nancy complications recurring in the second pregnancy in relation to inter-pregnancy BMI
change were assessed using logistic regression (Table 4). Risks are presented as Odds Ratios
(OR) with 95% confidence intervals (CI) and were adjusted for BMI and year of delivery at first
pregnancy, height, inter-delivery interval, along with maternal age and smoking status, baby
gender and gestational age at first and second delivery. Variables were additionally adjusted for
the co-occurrence of either pre-eclampsia or gestational hypertension. After testing for an
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Table 1. Maternal characteristics and distribution of pregnancy complications in relation to inter-pregnancy BMI change category and mean
change in BMLI.

Inter-pregnancy BMI change
category

(number of women)

Maternal characteristics at first pregnancy and complication <-2* -2 to<2* >2% P Value¥* Mean changein P Value®
incidence during first and second pregnancies BMI (sd)
(n=1191) (n=17059) (n=6270)

Age, years (number of women)

<19 (2839) 4.9 52.0 43.1 <0.001 2.14 (3.19)2 <0.001
2024 (6826) 5.2 65.0 29.8 1.24 (2.56)°
25-29 (8841) 4.8 73.4 21.8 0.83 (2.07)°
30-34 (4956) 4.4 77.8 17.8 0.63 (1.81)¢
>35 (1058) 4.8 76.3 18.9 0.63 (2.04)™
Height, cm
<159 (7464) 5.0 68.4 26.6 0.024 1.12(2.41)2 0.003
160-164 (7471) 45 69.5 26.0 1.06 (2.39)%°
165-169 (5920) 5.0 70.4 24.6 0.98 (2.31)°
>170 (3665) 4.9 71.0 241 0.98 (2.31)%°
Adjusted BMI, kg/m?
<18.5 (372) 0.3 71.5 28.2 <0.001 1.54 (1.99)2 <0.001
18.6—24.9 (14334) 2.0 77.0 21.0 0.96 (1.95)°
25-29.9 (6979) 7.3 63.1 29.6 1.12 (2.58)°
>30 (2835) 13.9 47.8 38.3 1.26 (3.49)*°
Smoking habit
Non-smoker (16200) 4.4 71.3 24.3 <0.001 0.99 (2.28)% <0.001
Smoker- 1% pregnancy only (1490) 4.3 58.2 37.5 1.70 (2.59)°
Smoker- 2" pregnancy only (776) 8 63.8 28.2 1.05 (2.86)%
Smoker- both pregnancies (4344) 6.5 66.7 26.8 1.08 (2.53)%
Not recorded (1710) 4 72.4 23.6 1.01 (2.24)2
Inter-delivery interval (years)
<1 (2663) 5.1 76.0 18.9 <0.001 0.60 (1.98)% <0.001
2 (7647) 5.4 77.7 16.9 0.56 (1.98)%
3 (6275) 4.6 72.8 22.6 0.89 (2.06)°
>3 (7935) 45 57.0 38.5 1.78 (2.83)°
Pre-eclampsia
Neither pregnancy (22816) 4.8 70.2 25.0 <0.001 1.02 (2.34)2 <0.001
First pregnancy only (1215) 5.3 64.3 30.4 1.23 (2.58)%°
Second pregnancy only (306) 6.2 51.3 42.5 1.87 (3.03)°
Both pregnancies (183) 4.4 58.4 37.2 1.69 (2.64)>°
Gestational hypertension
Neither pregnancy (18681) 4.9 71.0 241 <0.001 0.97 (2.31)? <0.001
First pregnancy only (3958) 4.9 67.0 28.1 1.16 (2.39)°
Second pregnancy only (1042) 4.0 61.6 34.4 1.66 (2.90)°
Both pregnancies (839) 4.5 59.2 36.3 1.47 (2.61)°
Induced labour
Neither pregnancy (14402) 4.6 721 23.3 <0.001 0.95(2.23)2 <0.001
First pregnancy only (5350) 5.5 66.8 27.7 1.11(2.50) ®
Second pregnancy only (2672) 4.9 65.8 29.3 1.29(2.52)°
(Continued)
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Table 1. (Continued)

Inter-pregnancy BMI change
category

(number of women)

Maternal characteristics at first pregnancy and complication <-2* -2 to<2* >2% P Value* Mean changein P Value®
incidence during first and second pregnancies BMI (sd)
(n=1191) (n=17059) (n=6270)
Both pregnancies (2096) 5.1 63.8 31.1 1.36 (2.65)°
Elective Cesarean
Neither pregnancy (21147) 4.7 70.1 25.1 <0.001 1.08 (2.32)2 0.033
First pregnancy only (485) 2.9 75.5 21.6 0.91 (2.03)
Second pregnancy only (2468) 5.8 63.9 30.3 1.24 (2.78)°
Both pregnancies (420) 8.1 66.7 25.2 0.87 (2.46)%°
Emergency Cesarean
Neither pregnancy (19544) 4.6 70.6 24.8 <0.001 1.03 (2.33)2 <0.001
First pregnancy only (3055) 6.2 66.8 27.0 1.04 (2.49)2
Second pregnancy only (967) 4.1 60.9 35.0 1.54 (2.67)°
Both pregnancies (954) 7.0 66.3 26.7 0.98 (2.37)%
Instrumental delivery
Neither pregnancy (16554) 5.1 69.1 25.8 0.014 1.05(2.42) 0.127
First pregnancy only (6220) 4.3 70.9 24.8 1.00(2.25)
Second pregnancy only (1083) 4.6 70.2 25.2 1.08 (2.25)
Both pregnancies (663) 3.0 69.2 27.8 1.21(2.15)
Spontaneous preterm
Neither pregnancy (21353) 4.8 69.8 254 0.195 1.04 (2.36) 0.636
First pregnancy only (1451) 4.3 70.0 25.7 1.03 (2.29)
Second pregnancy only (1267) 5.3 66.5 28.2 1.19 (2.52)
Both pregnancies (449) 6.0 68.2 25.8 1.08 (2.55)
Antepartum hemorrhage
Neither pregnancy (20324) 4.8 70.2 25.0 <0.001 1.02 (2.34) 0.004
First pregnancy only (2112) 4.4 67.3 28.3 1.17 (2.39)
Second pregnancy only (1670) 5.7 66.3 28.0 1.16 (2.56)
Both pregnancies (414) 6.0 62.6 31.4 1.19 (2.53)
Birth wt. <10™ C SGA
Neither pregnancy (20656) 4.7 69.5 25.8 <0.001 1.07 (2.36)2 <0.001
First pregnancy only (1790) 4.3 68.8 26.9 1.09 (2.24)2
Second pregnancy only (1368) 7.0 70.0 23.0 0.83 (2.60)%°
Both pregnancies (706) 5.7 74.3 20.0 0.76 (2.37)°
Birth wt. >90™ C LGA
Neither pregnancy (20707) 4.9 70.7 24.4 <0.001 0.99 (2.32)% <0.001
First pregnancy only (1417) 6.1 65.0 28.9 1.08 (2.57)%
Second pregnancy only (1583) 3.7 63.3 33.0 1.53 (2.52)°
Both pregnancies (813) 4.7 61.7 33.6 1.46 (2.61)°
Placental wt. <10 C
Neither pregnancy (21126) 5.0 68.9 26.1 <0.001 1.07 (2.37)2 <0.001
First pregnancy only (1704) 3.4 71.9 24.7 1.02 (2.21)%
Second pregnancy only (1325) 4.8 74.4 20.8 0.81 (2.49)°
Both pregnancies (365) 2.7 80.3 17.0 0.78 (2.08)%°
Placental wt. >90" C
(Continued)
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Table 1. (Continued)

Inter-pregnancy BMI change
category

(number of women)

Maternal characteristics at first pregnancy and complication <-2* -2 to<2* >2% P Value* Mean changein P Value®
incidence during first and second pregnancies BMI (sd)
(n=1191) (n=17059) (n=6270)
Neither pregnancy (19301) 4.7 711 24.2 <0.001 0.99 (2.31)2 <0.001
First pregnancy only (2166) 6.2 66.1 27.7 1.07 (2.44)2
Second pregnancy only (2136) 4.6 62.5 32.9 1.40 (2.57)°
Both pregnancies (917) 5.2 62.6 32.2 1.39 (2.73)°

*Values are percentage of women.

¥P values obtained from Chi-squared test of counts.
%P values from one-way ANOVA followed post-hoc by Tukey method.
For the latter, where superscript letters within a parameter differ, P<0.01.

doi:10.1371/journal.pone.0154812.t001

Table 2. Average weight (and BMI) change between first and second pregnancy in relation to BMI category at first pregnancy and BMI change

category.

BMI category at first pregnancy
BMI change category Underweight Normal Overweight Obese *¥P value
Loss < -2 -8.08 B (-2.93)3° 7.0742.14 (-2.67+0.73)%  -8.10¢3.12 (-3.05+1.11)°  -11.13+6.10 (-4.19£2.25)°  P<0.001
Stable -2 to <2 1.714£2.08 (0.650.78)% 0.78%2.49 (0.29+0.93)° 0.48+2.78 (0.18+1.04)° 0.59+2.89 (0.22+1.08)*° P<0.001
Gain >2 10.2246.20 (3.83+2.23)°°  9.83+5.42 (3.74+2.06)° 10.90£5.78 (4.12+2.15)° 11.95+6.46 (4.51+2.42)° P<0.001

Values are mean # sd, with weight in kg and BMI as kg/m2. Number of women per group can be derived from Table 1.

*P values from one-way

ANOVA followed post-hoc by Tukey method for both weight and BMI change. For both parameters where superscripts differ within a row, P<0.01.

®n = 1, so no deviation calculated.

doi:10.1371/journal.pone.0154812.t002

interaction between BMI category at baseline pregnancy and BMI change category, we investi-
gated whether BMI at beginning of first pregnancy modified any relationship between inter-
pregnancy BMI change and repeat pregnancy complication risk at second pregnancy by repeat-
ing the logistic regression for women with BMI below or above 25 at first pregnancy (Table 5).
Cochran-Armitage test was performed using R (Foundation Statistical Computing, Vienna,
Austria) and all other analysis using Minitab (v16; Minitab Inc., State College, PA).

Results
Inter-pregnancy change in BMI and pregnancy complication incidence

Overall, BMI increased from 25.0 + 4.3 (mean =+ sd) at first pregnancy to 26.0 + 5.0 at second
(P<0.001). This comprised 1191 (4.8%) women who lost >2 BMI units, 17059 (69.6%) who
maintained their inter-pregnancy BMI within 2 units, and 6270 (25.6%) who gained >2 BMI
units. Table 1 details the frequency of maternal characteristics at first pregnancy and complica-
tion incidence during first and second pregnancies in relation to these BMI change categories.
The number of women per BMI change category was influenced by age, height, first pregnancy
BMI, smoking habit and inter-delivery interval and accordingly all were adjusted for in the

PLOS ONE | DOI:10.1371/journal.pone.0154812 May 4, 2016 6/14
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Table 3. Frequency of recurrent pregnancy complications in women with previous history compared with incident rate in second pregnancy in

women with no previous history.

Complication

Pre-eclampsia

Gestational hypertension

Induced labour
Elective cesarean
Emergency cesarean
Instrumental delivery
Spontaneous preterm

Antepartum hemorrhage

SGA, <10"" C
LGA, >90" C
Placental Wt. <10""C
Placental Wt. >90'""C

Recurrent complication rate (previous history) Incident complication rate in second pregnancy P value*
(no previous history)

183 of 1398 (13.1%) 306 of 23122 (1.3%) <0.001
839 of 4797 (17.5%) 1042 of 19723 (5.3%) <0.001
2096 of 7446 (28.1%) 2672 of 17074 (15.6%) <0.001

420 of 905 (46.4%) 2468 of 23615 (10.4%) <0.001
954 of 4009 (23.8%) 967 of 20511 (4.7%) <0.001

663 of 6883 (9.6%) 1083 of 17637 (6.1%) <0.001
449 of 1900 (23.6%) 1267 of 22620 (5.6%) <0.001
414 of 2526 (16.4%) 1670 of 21994 (7.6%) <0.001
706 of 2496 (28.3%) 1368 of 22024 (6.2%) <0.001
813 of 2230 (36.4%) 1583 of 22290 (7.1%) <0.001
365 of 2069 (17.6%) 1325 of 22451 (5.9%) <0.001
917 of 3083 (29.7%) 2136 of 21437 (10.0%) <0.001

* P values obtained from Chi-squared test of counts

doi:10.1371/journal.pone.0154812.t003

regression analysis. Likewise, the incidence of all complications except spontaneous preterm
delivery varied by BMI change category. The relationship between BMI at first pregnancy and
the direction of BMI change is worthy of comment as proportionately more initially overweight
and obese women demonstrated greater weight fluctuations between pregnancies than the nor-
mal BMI group (Table 1). Further the magnitude of both weight/BMI loss and gain was greater
in obese>overweight>normal (Table 2).

Irrespective of BMI change category, on average, weight change between first and second
pregnancy decreased with age and height and increased with longer inter-delivery interval
(Table 1). Women who smoked only in first pregnancy had higher inter-pregnancy weight
gain than non-smokers, women who smoked in both pregnancies and women who smoked
only in second pregnancy (P<0.01). The change in BMI between pregnancies was lowest in
women with SGA birth in both pregnancies while weight gain between pregnancies was equally
high in women with LGA birth and placental weight >90"centile in both pregnancies and at
second pregnancy only. Inter-pregnancy weight gain in women with pre-eclampsia and hyper-
tension in both pregnancies was intermediate between women experiencing these complica-
tions in second pregnancy only and first pregnancy only/neither pregnancy groups. The
number of women experiencing individual complications in both pregnancies was low com-
pared with the incident frequency in first or second pregnancy only (P<0.001 by Chi-squared
test, for all except emergency Cesarean-section). Nevertheless, the recurrent pregnancy compli-
cation rate for women experiencing a specific complication at first pregnancy was significantly
higher than the incident frequency at second pregnancy in women with no history of that com-
plication (Table 3). This was striking for the relative frequencies of recurrent pre-eclampsia,
preterm delivery, birthweight extremes and Cesarean-section, which were at least 4-fold higher
than in previously non-complicated pregnancies.

In Table 4 the incidence rate and adjusted odds ratios for adverse perinatal outcomes at sec-
ond pregnancy in relation to BMI change category between pregnancies, are presented for
women experiencing the individual complication in the first pregnancy. Inter-pregnancy
weight gain equivalent to >2 BMI units (mean + sd, 4.0 + 2.18) was associated with increased
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Table 4. Frequency rate and adjusted odds ratios for recurrent adverse perinatal outcomes in first and second consecutive pregnancies in relation

to BMI change from first pregnancy.

Complication both pregnancies

(cases,%)

Pre-eclampsia
(n=183)

Gestational hypertension
(n = 839)

Induced labour

(n =2096)
Instrumental delivery
(n = 663)

Elective cesarean

(n = 420)

Emergency cesarean
(n = 954)
Spontaneous preterm
<87wks, (n = 449)
Antepartum hemorrhage
(n=414)

SGA, <10™ Centile

(n =706)

LGA, >90™ Centile
(n=812)

Placental Wt. <10 C
(n = 365)

Placental Wt. >90™ C
(n=917)

Rate (%)
OR (95% ClI)
Rate (%)
OR (95% ClI)
Rate (%)
OR (95% ClI)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% ClI)
Rate (%)
OR (95% ClI)
Rate (%)
OR (95% ClI)
Rate (%)
OR (95% ClI)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% ClI)

BMI change (no. of women, % study population)

Loss, <-2}
(1191, 4.9%)
0.67
0.43(0.20-0.95)*
3.19
0.80(0.56-1.14)
8.90
0.94(0.75-1.16)
1.67
0.73(0.46-1.15)
2.85
1.56(1.05-2.31)*
5.62
1.11(0.84-1.46)
2.26
1.30(0.76-2.21)
2.09
1.17(0.76-1.80)
3.36
1.77(1.26-2.50)***
3.19
0.64(0.45-0.92)*
0.84
0.81(0.42—1.55)
4.03
0.73(0.53-1.00)*

Stable, -2 to <2
(17059, 69.6%)
0.63
1
2.91
1
7.84
1
2.69
1
1.64
1
3.70
1
1.79
1
1.52
1
3.08
1
2.94
1
1.72
1
3.36
1

Gain, >2
(6270, 25.5%)
1.08
1.13(0.80-1.59)
4.84
1.72(1.47-2.02)* **
10.39
1.12(1.01-1.25)*
2.93
1.08(0.89—1.30)
1.69
0.96(0.75-1.22)
4.07
1.00(0.85-1.17)
1.85
0.78(0.58-1.04)
2.07
1.09(0.87-1.38)
2.24
0.73(0.59—0.89)* *
4.35
1.31(1.11-1.54)***
0.99
0.61(0.45-0.82)* **
4.70
1.22(1.04-1.42)*

Trend¥, P value

0.002
0.058
<0.001
<0.001
<0.001
0.061
0.040
0.252
0.148
0.061
0.534
0.739
0.709
0.101
0.062
0.632
<0.001
<0.001
<0.001
<0.001
0.015
0.004
<0.001
0.002

Odds ratios (OR) and 95% confidence limits (Cl) from logistic regression *P<0.05, **P<0.01 ***P<0.001 relative to stable BMI reference group (OR = 1).
Models adjusted for baseline BMI and year of delivery at first pregnancy, height and inter-delivery interval, and maternal age, smoking status, gestational
age and baby gender at first and second pregnancy. Where appropriate, variables were additionally adjusted for the co-occurrence of pre-eclampsia or

gestational hypertension at first and second pregnancy.
T Refers to BMI loss between pregnancies of >2 units.

¥Significance of trend for complication frequency rate from Cochran-Armitage test and for OR’s from overall Chi square value.
SGA = small for gestational age, LGA = large for gestational age. Birth and placental weight categories from gender and parity specific centile charts [27,

28].

doi:10.1371/journal.pone.0154812.1004

risk of recurrent gestational hypertension (OR 1.72, P<0.001), placental weight >90'" centile
(OR 1.22,P<0.05) and LGA (OR 1.31, P<0.001), and was protective against recurrent risk of
placental weight <10™ centile (OR 0.61, P<0.001) and SGA (OR 0.73, P<0.01). A modestly
higher risk of induced labor was also evident (OR 1.12, P< 0.05). In contrast women who lost
>2 BMI units (mean =+ sd, 3.3 + 1.64) between pregnancies were protected from pre-eclampsia
recurring (OR 0.43, P<0.05) but had higher risk of experiencing a second elective Cesarean-
section (OR 1.56, P<0.05) and SGA birth (OR 1.77, P<0.001). Weight loss was also protective
against the recurrent risk of placental weight >90" centile (OR 0.73, P<0.05) and LGA (OR
0.64, P<0.05). Weight gain or loss of >2 BMI units between pregnancies did not influence the
recurrent risk of instrumental delivery, emergency Cesarean-section, spontaneous preterm
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Table 5. Frequency rate and adjusted odds ratios for adverse perinatal outcomes occurring in both first and second consecutive pregnancies in
relation to BMI change from first pregnancy for women with BMI (a) <25 and (b) >25 units in first pregnancy.

(a) Complication in both pregnancies
with healthy BMI at first pregnancy

(cases)

Pre-eclampsia

(n =69)

Gestational hypertension
(n =374)

Induced labour

(n =1059)

Instrumental delivery

(n = 421)

SGA, <10" Centile

(n = 530)

LGA, >90™ Centile

(n =315)

Placental Wt. <10'" Centile
(n =280)

Placental Wt. >90™ Centile
(n = 364)

(b) Complication in both pregnancies
with unhealthy BMI at first pregnancy

(cases)

Pre-eclampsia

(n=114)

Gestational hypertension
(n = 465)

Induced labour

(n=1037)

Instrumental delivery
(n=242)

SGA, <10™ Centile
(n=176)

LGA, >90™ Centile

(n =497)

Placental Wt. <10'" Centile
(n =85)

Placental Wt. >90™ Centile
(n =553)

Rate (%)
OR (95% ClI)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% ClI)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% Cl)

Rate (%)
OR (95% Cl)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% ClI)
Rate (%)
OR (95% Cl)
Rate (%)
OR (95% Cl)

Losst

<-2
0
n/a
1.04
0.45(0.14-1.42)
5.90
0.79(0.47-1.31)
1.74
0.69(0.28-1.70)
7.29
2.52(1.57-4.04)***
1.74
0.76(0.31-1.88)
1.74
1.15(0.47-2.85)
3.12
1.14(0.58-2.26)

0.89
0.51(0.23-1.15)
3.87
0.81(0.56-1.18)
9.85
0.96(0.75-1.23)
1.66
0.70(0.41-1.21)
2.10
1.40(0.84-2.32)
3.65
0.60(0.41-0.88)**
0.55
0.65(0.25-1.65)
4.31
0.65(0.46-0.92)*

BMI change Category
Stable

-2 to <2

0.42
1
2.21
1
6.85
1
2.74
1
3.73
1
1.94
1
2.16
1
2.31
1

1.02

4.29

9.78

2.59

1.79

4.92

0.85

5.43
1

Gain
>2

0.67
1.28(0.72-2.27)
3.88
2.19(1.73-2.79)* **
8.57
1.11(0.94-1.30)
3.40
1.17(0.92-1.49)
2.79
0.61(0.47-0.79)***
2.95
1.64(1.26-2.14)***
0.99
0.41(0.28-0.62)* **
3.01
1.30(1.01-1.68)*

1.48
1.09(0.71-1.67)
5.8
1.42(1.15-1.74)%**
12.2
1.13(0.98-1.32)
247
0.95(0.71-1.27)
1.71
0.99(0.70-1.40)
5.74
1.12(0.91-1.37)
0.98
1.07(0.66-1.72)
6.37
1.13(0.93-1.37)

Trend¥, P value

0.034
0.705
<0.001
<0.001
<0.001
0.269
0.024
0.297
<0.001
<0.001
<0.001
0.001
<0.001
<0.001
0.070
0.124

0.044
0.188
0.001
0.001
0.002
0.185
0.418
0.449
0.495
0.401
0.009
0.007
0.238
0.589
0.011
0.010

Odds ratios (OR) and 95% confidence limits (Cl) from logistic regression *P<0.05, **P<0.01 ***P<0.001 relative to stable BMI reference group (OR = 1).
Models adjusted for baseline BMI and year of delivery at first pregnancy, height and inter-delivery interval, and maternal age, smoking status, gestational
age and baby gender at first and second pregnancy. Where appropriate, variables were additionally adjusted for the co-occurrence of pre-eclampsia or
gestational hypertension at first and second pregnancy.
T Refers to BMI loss between pregnancies of >2 units.
¥Significance of trend for complication frequency rate from Cochran-Armitage test and for OR’s from overall Chi square value.
SGA = small for gestational age, LGA = large for gestational age. Birth and placental weight categories from gender and parity specific centile charts [27,
28]. For the BMI loss, stable and gain categories the distribution of the study population was 2.0, 76.8 and 21.2% for women with first pregnancy BMI of
<25 (a) and 9.2, 58.6 and 32.2% for women with first pregnancy BMI of >25 (b).

doi:10.1371/journal.pone.0154812.t005
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delivery or antepartum hemorrhage. A small number of women with gestation hypertension at
first pregnancy had pre-eclampsia in their second (171 of 3958, or 4.3%). For the population as
a whole and relative to weight stable women, inter-pregnancy weight gain increased the risk of
this scenario (OR 2.18 [95% CI 1.56-3.04], P<0.001).

Pregnancy complications, baseline BMI category and inter-pregnancy
weight change

The putative interaction between baseline BMI category and inter-pregnancy change in BMI
category was examined and significant interactions (weight change effects differing between
four baseline BMI categories) were evident for gestational hypertension (P = 0.01), LGA

(P = 0.061) and placental weight <10™ centile (P = 0.023). On this basis and cognizant that
this approach may miss detecting interactions for less prevalent outcomes, we sub-divided the
data and compared effects of weight change between pregnancies on second pregnancy recur-
rent complication risk for women with BMI <25 (mean * sd, 22.3 + 1.71) versus BMI >25
(mean = sd, 29.0 £ 3.97) at first pregnancy (Table 5). Data are shown for adverse outcomes
where weight change was associated with significant linear trends across the BMI change spec-
trum and/or significant adjusted OR in at least one baseline BMI category only and thus spon-
taneous preterm delivery, elective or emergency Cesarean-section and antepartum hemorrhage
are not included. Inter-pregnancy weight gain significantly increased the risk of gestational
hypertension recurring in second pregnancy irrespective of maternal BMI at the first preg-
nancy and the risk was highest in women with healthy compared with unhealthy BMI at base-
line (OR 2.19 vs.1.42, respectively). For women with healthy BMI at baseline, gaining >2 BMI
units (mean =* sd, 3.7+2.06) between pregnancies also increased the risk of placental weight
>90™ centile (OR 1.30, P<0.05) and LGA birth (OR 1.64, P<0.001) and was protective against
placental weight <10 centile (OR 0.41, P<0.001) and of experiencing a second SGA birth
(OR0.61, P<0.001). Conversely, women with a healthy BMI at baseline and an inter-preg-
nancy weight loss of >2 BMI units (mean + sd, 2.7+0.73) had markedly higher risk of recurrent
SGA (OR 2.52, P<0.001). None of these relationships were evident in women who were over-
weight at baseline. In the latter sub-analysis women who were overweight at baseline and lost
>2 BMI units (mean # sd, 3.5 + 1.79) were protected against recurrent placental weight >90"
centile (OR 0.65, P<<0.05) and LGA birth (OR 0.60, P<0.01). In both sub-cohorts the incidence
rate of recurrent pre-eclampsia showed a linear trend across the BMI change spectrum

(P =0.034 and P = 0.044 in women who had healthy and unhealthy BMI at baseline) but the
low incidence rate precludes meaningful risk assessment. The incidence rate of women with
gestation hypertension in their first pregnancy and pre-eclampsia in their second was similarly
low in both sub-cohorts (0.46 and 1.05% for healthy and unhealthy BMI groups). However for
women with an unhealthy BMI at baseline, weight gain of >2 BMI units increased the risk of
this scenario relative to those who remained weight stable (OR 2.40 [95% CI 1.56-3.68],
P<0.001). Further sub-dividing these women into those who were overweight versus obese at
baseline revealed that the increased risk of pre-eclampsia at the second pregnancy after gesta-
tional hypertension in the first was confined to initially overweight women who gained >2
BMI units in the inter-pregnancy period (OR3.04 [1.74-5.32], P<0.001) but failure to detect a
similar relationship in obese women may be due to reduced power.

Discussion

In this unselected population, women experiencing common pregnancy complications in their
first-ever pregnancy were at increased risk of them recurring in their second pregnancy. This
confirms findings for women with a history of hypertensive disorders, preterm delivery and
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SGA birth [4-13] and extends the scope to include LGA birth, placental weight extremes and
type of delivery. The main objective was to establish if inter-pregnancy weight change in either
direction plays a role in modifying the recurrent risk of any of these adverse pregnancy
outcomes.

Inter-pregnancy weight loss and recurrent pregnancy complications

Herein weight loss between pregnancies lowered recurrent pre-eclampsia risk by ~55%, as seen
in a selected population of women with a history of the condition [29]. The effect of inter-
pregnancy weight loss on pre-eclampsia risk generally is unclear. While weight loss of more
than one BMI unit decreased primary risk of pre-eclampsia in second pregnancies in one large
population by a modest 18% [20], it was without effect when normotensive obese or overweight
women lost sufficient weight to descend a BMI category in another equally large study [22].
Taken together this suggests that the underlying biology differs. Women with a history of the
condition may have persistent systemic inflammation which weight loss between pregnancies
ultimately improves. In this recurrent risk analysis we elected to define BMI loss as >2 units
rather than the one BMI unit change used previously to assess primary risk [3, 20]. While the
former approach reduces the number of women in the BMI loss category it more rigorously
defines what is likely to be real weight change. Accordingly if we assume an average height of
1.62m, a one BMI unit change corresponds to only 2.6kg which may be within the range of nat-
ural fluctuation whereas 2 BMI units is equivalent to just over 5kg. Indeed the average weight
loss measured here was 8.5kg and is in theory an achievable target for women wishing to atten-
uate their recurrent risk of pre-eclampsia.

In direct contrast inter-pregnancy weight loss increased recurrent SGA risk by 77% in the
study population as a whole. No comparable recurrent analysis has been reported but we previ-
ously observed an equivalent increase in primary SGA risk at second pregnancy in women
with a healthy and unhealthy BMI at baseline pregnancy [3]. Herein the relationship between
weight loss and recurrent SGA risk was significant only in women with a healthy weight at
baseline (OR 2.52). Similarly in an independent population, BMI loss (>1 unit) in women with
a healthy baseline BMI decreased fetal oversize but at the expense of a doubling of the risk of
delivering a low birthweight (<2500g) infant [25], while in a population of obese women, 9%
with previous SGA, only weight loss >8 BMI units increased SGA risk at second pregnancy
irrespective of history [30]. Together these studies suggest that women with a history of SGA
and a healthy BMI at the baseline pregnancy should avoid weight loss in the inter-pregnancy
period.

The recurrent risk of spontaneous preterm delivery was independent of inter-pregnancy
weight change. In contrast in an unselected population (n = 1241), women with previous pre-
term birth and who lost >5 BMI units between pregnancies had a higher crude incidence at the
second pregnancy than women who gained weight or remained weight stable [9]. However,
these authors did not differentiate between spontaneous versus medically-indicated preterm
delivery or adjust for known confounders. Inter-pregnancy weight loss has been reported to
increase the incident risk of spontaneous preterm delivery at the second pregnancy, while
inter-pregnancy weight gain is modestly protective [3, 24]. Nevertheless our analysis suggests
that weight change between pregnancies is unlikely to have a major influence on recurrent
spontaneous preterm birth and intrinsic factors like cervical insufficiency and ethnicity are
probably more important [31].
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Inter-pregnancy weight gain and recurrent pregnancy complications

Inter-pregnancy weight gain robustly increased the risk of recurrent gestational hypertension
irrespective of baseline BMI. No recurrent risk has previously been reported but the adjusted
odds ratio of 1.72 overall was equivalent to that reported between inter-pregnancy weight gain
and the primary risk of hypertension at the second pregnancy in women from the same geo-
graphical area and in a much larger population wide study ([3, 20], OR 1.82 and 1.76, respec-
tively). The striking similarity in these odds ratios implies that it is weight gain and the
attainment of a higher BMI category at the start of the next pregnancy, rather than a women’s
prior history that predicts hypertension risk; in support it is well established that the risk of
pregnancy hypertensive disorders increases stepwise through normal to morbidly obese BMI
categories in primiparous and multiparous women [19, 32, 33]. Indeed, although not strictly
the focus of the current analysis, we also observed that weight gain increased the risk of women
with gestational hypertension in their first pregnancy developing pre-eclampsia in their second.
An analogous scenario probably underlies the observed association between weight gain and
increased risk of recurrent LGA as birthweight likewise increases with greater BMI [19, 32, 33].
Herein weight gain protected against recurrent SGA birth, predominantly in women with BMI
<25 at the baseline pregnancy. This relationship was paralleled by a protective effect of weight
gain on the risk of recurrent low placental weight. Overall the implication is that normal or
underweight women with a history of SGA may benefit from modest weight gain prior to con-
ceiving their second child and the attenuated risk of a second SGA birth may partly be medi-
ated by increased placental size. Placental weight increases 4.4g per BMI unit [33] and thus we
propose that the increase in BMI between pregnancies has a positive effect on maternal nutri-
tional status and nutrient reserves at the start of the second pregnancy, enhancing the placental
growth trajectory and thereby fetal nutrient supply and ultimately growth. In partial support
nutritional manipulation of weight and adiposity prior to conception (sheep paradigm) to
achieve two contrasting maternal BMI categories has a profound influence on placental weight
irrespective of gestational intake and is closely associated with birth weight at delivery [34].

Strengths and weaknesses

Strengths included weight and height measurements at the first clinic appointment at a single
maternity hospital on both occasions with weight adjusted to a standard gestational age for all
maternities. This closely approximated pre-pregnancy BMI as it was recorded by trained staff
thereby negating the recall bias associated with self-reported anthropometry. Further the analy-
sis was adjusted for several known confounders. However maternal weight in late pregnancy
was not routinely measured precluding differentiation of the impact of weight change during
pregnancy versus after delivery and prior to the second conception. This is an unfortunate limi-
tation of current UK healthcare practice. Further the population was relatively small with low
ethnic diversity. The low recurrence rate for some complications may have limited power to
detect all potential effects, particularly in the sub-analysis of women with a healthy versus
unhealthy baseline BMI. Nevertheless the recurrence event rate for key complications (pre-
eclampsia, premature delivery and SGA), agree with previous publications [4-13] by other
groups using different populations. Although the data was collected over a time range where
changes in obstetrical practice might have been expected (eg. criteria for cesarean section) this
potential bias should have been minimized by including year of delivery in the adjusted model.
Finally it is acknowledged that selected populations with specific maternity histories, namely
hypertensive disorders, SGA or LGA birth, and larger numbers than available here are required
to confirm the reported relationships with weight change.
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Conclusion

In conclusion, in an unselected population inter-pregnancy weight change impacts recurrent
risk of hypertensive disorders, SGA and LGA birth and women with a prior history of these
conditions may benefit from targeted nutritional guidance to either lose or gain weight after
their first pregnancy. Women with a healthy BMI at the baseline pregnancy are on balance
more sensitive to both potential risks and benefits associated with weight change; advice for
preventing an individual recurrent complication should be cognizant of the potential impact of
weight change on the incident risk of other pregnancy complications.

Author Contributions

Conceived and designed the experiments: JMW GWH DMC. Analyzed the data: ]MW GWH.
Wrote the paper: JMW SB DMC GWH. Provided access to the AMND: SB.

References

1. Hernandez-Diaz S, Toh S, Cnattingius S. Risk of pre-eclampsia in first and subsequent pregnancies:
prospective cohort study. BMJ 2009; 338: b2255. doi: 10.1136/bmj.b2255 PMID: 19541696

2. Shah PS. Parity and low birth weight and preterm births: a systematic review and meta-analyses. Acta
Obstet Gynecol. 2010; 89: 862—75.

3. Wallace JM, Bhattacharya S, Campbell DM, Horgan GW. Inter-pregnancy weight change impacts pla-
cental weight and is associated with the risk of adverse pregnancy outcomes in the second pregnancy.
BMC Pregnancy Childbirth 2014; 14: 40 http://www.biomedcentral.com/1471-2393/14/40 doi: 10.1186/
1471-2393-14-40 PMID: 24450357

4. Barton JR, Sibai BM. Prediction and prevention of recurrent preeclampsia. Obstet Gynecol 2008; 112:
359-72. doi: 10.1097/A0G.0b013e3181801d56 PMID: 18669736

5. Lykke JA, Paidas MJ, Langhoff-Roos J. Recurring complications in second pregnancy. Obstet Gynecol
2009; 113: 1217-24. doi: 10.1097/A0G.0b013e3181a66f2d PMID: 19461415

6. LiXL,ChenTT, Dong X, GouWL, Lau S, Stone P, et al. Early onset preeclampsia in subsequent preg-
nancies correlates with early onset of preeclampsia in first pregnancy. Eur J Obstet Gynecol Reprod
Biol 2014; 177: 94-9. doi: 10.1016/j.ejogrb.2014.03.043 PMID: 24784713

7. lams JD, Goldenberg RL, Mercer BM, Moawad A, Thom E, Meis PJ, et al. The preterm prediction
study: recurrence of spontaneous preterm birth. National Institute of Child Health and Human Develop-
ment Maternal-Fetal Medicine Units Network. Am J Obstet Gynecol 1998; 178: 1035—-40. PMID:
9609580

8. Mercer BM, Goldenberg RL, Moawad AH, Meis PJ, lams JD, Das AF, et al. The preterm prediction
study: effect of gestation age and cause of preterm birth on subsequent obstetric outcome. National
Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network. Am J Obstet
Gynecol 1999; 181: 1216-21. PMID: 10561648

9. Merlino A, Laffineuse L, Collin M, Mercer B. Impact of weight loss between pregnancies on recurrent
preterm birth. Am J Obstet Gynecol 2006; 195: 818-21. PMID: 16949418

10. Ananth CV, Kaminsky L, Getahun D, Kirby RS, Vintzileos AM. Recurrence of fetal growth restriction in
singleton and twin gestations. J Matern Fetal Neonatal Med 2009; 22: 654—61. doi: 10.1080/
14767050902740207 PMID: 19557663

11. Okah FA, Cai J, Dew PC, Hoff GL. Risk factors for recurrent small-for-gestational-age birth. Am J Peri-
natol 2010; 27: 1-7. doi: 10.1055/s-0029-1223268 PMID: 19670131

12. Voskamp BJ, Kazemier BM, Ravelli ACJ, Schaaf J, Mol BWJ, Pajkrt E. Recurrence of small-for-
gestational- age pregnancy: analysis of first and subsequent singleton births in The Netherlands. Am J
Obstet Gynecol 2013; 208: 374.e1-6. doi: 10.1016/j.ajog.2013.01.045 PMID: 23419319

13. Hinkle SN, Albert PS, Mendola P, Sjaarda LA, Boghossian NS, Yeung E, et al. Differences in risk fac-
tors for incident and recurrent small-for-gestational-age birthweight: a hospital-based cohort study.
BJOG 2014; 121: 1080-8. doi: 10.1111/1471-0528.12628 PMID: 24702952

14. Read AW, Stanley FJ. Small-for-gestation-age term birth: the contribution of socioeconomic, beha-
vioural and biological factors to recurrence. Paediat Perinat Epidemiol 1993; 7: 177-94.

15. Cnattingius S, Granath F, Petersson G, Harlow BL. The influence of gestational age and smoking hab-
its on the risk of subsequent preterm deliveries. N Engl J Med 1999; 341: 943—-8. PMID: 10498489

PLOS ONE | DOI:10.1371/journal.pone.0154812 May 4, 2016 13/14


http://dx.doi.org/10.1136/bmj.b2255
http://www.ncbi.nlm.nih.gov/pubmed/19541696
http://www.biomedcentral.com/1471-2393/14/40
http://dx.doi.org/10.1186/1471-2393-14-40
http://dx.doi.org/10.1186/1471-2393-14-40
http://www.ncbi.nlm.nih.gov/pubmed/24450357
http://dx.doi.org/10.1097/AOG.0b013e3181801d56
http://www.ncbi.nlm.nih.gov/pubmed/18669736
http://dx.doi.org/10.1097/AOG.0b013e3181a66f2d
http://www.ncbi.nlm.nih.gov/pubmed/19461415
http://dx.doi.org/10.1016/j.ejogrb.2014.03.043
http://www.ncbi.nlm.nih.gov/pubmed/24784713
http://www.ncbi.nlm.nih.gov/pubmed/9609580
http://www.ncbi.nlm.nih.gov/pubmed/10561648
http://www.ncbi.nlm.nih.gov/pubmed/16949418
http://dx.doi.org/10.1080/14767050902740207
http://dx.doi.org/10.1080/14767050902740207
http://www.ncbi.nlm.nih.gov/pubmed/19557663
http://dx.doi.org/10.1055/s-0029-1223268
http://www.ncbi.nlm.nih.gov/pubmed/19670131
http://dx.doi.org/10.1016/j.ajog.2013.01.045
http://www.ncbi.nlm.nih.gov/pubmed/23419319
http://dx.doi.org/10.1111/1471-0528.12628
http://www.ncbi.nlm.nih.gov/pubmed/24702952
http://www.ncbi.nlm.nih.gov/pubmed/10498489

@’PLOS ‘ ONE

BMI Change and Recurrent Pregnancy Complications

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Krymko H, Bashiri A, Smolin A, Sheiner E, Bar-David J, Shomam-Vardi |, et al. Risk factors for recurrent
preterm delivery. Eur J Obstet Gynecol Reprod Biol 2003; 113: 160-3.

Sclowitz IK, Santos IS, Domingues MR, Matijasevich A, Barros AJ. Maternal smoking in successive
pregnancies and recurrence of low birthweight: the 2004 Pelotas birth cohort study, Brazil. Cad Saude
Publica 2013; 29: 123-30. PMID: 23370032

Abenheim HA, Kinch RA, Morin L, Benjamin A, Usher R. Effect of prepregnancy body mass index cate-
gories on obstetrical and neonatal outcomes. Arch Gynecol Obstet 2007; 275: 39—43. PMID:
16967276

Bhattacharya S, Campbell DM, Liston WA, Bhattacharya S. Effect of body mass index on pregnancy
outcomes in nulliparous women delivering singleton babies. BMC Public Health 2007; 7: 168. PMID:
17650297

Villamor E, Cnattingius S. Interpregnancy weight change and risk of adverse pregnancy outcomes: a
population-based study. Lancet 2006; 368: 1164—70. PMID: 17011943

Getahun D, Ananth CV, Peltier MR, Salihu HM, Scorza WE. Changes in prepregnancy body mass
index between the first and second pregnancies and risk of large-for-gestational age birth. Am J Obstet
Gynecol 2007; 196: 530.e1—€8.

Getahun D, Ananth CV, Oyelese Y, Chavez MR, Kirby RS, Smulian JC. Primary preeclampsia in the
second pregnancy: effects of changes in prepregnancy body mass index between pregnancies. Obstet
Gynecol 2007; 110: 1319-25. PMID: 18055727

Whiteman VE, Crisan L, McIntosh C, Alio AP, Duan J, Marty PJ, et al. Interpregnancy body mass index
changes and risk of stillbirth. Gynecol Obstet Invest 2011a; 72: 192-5.

Whiteman VE, Rao K, Duan J, Alio A, Marty PJ, Salihu HM. Changes in prepregnancy body mass index
between pregnancies and risk of preterm phenotypes. Am J Perinatol 2011b; 28: 67—-74.

Bogaerts A, Van den Bergh BRH, Ameye L, Witters |, Martens E, Timmerman D, et al. Interpregnancy
weight change and risk for adverse perinatal outcome. Obstet Gynecol 2013; 122: 999-1009. doi: 10.
1097/A0G.0b013e3182a7f63e PMID: 24104777

Campbell D, Hall M, Lemon J, Carr-Hill R, Pritchard C, Samphier M. Clinical birthweight standards for a
total population in the 1980s. Br J Obstet Gynaecol 1993; 100: 436—45. PMID: 8518243

Bonellie S, Chalmers J, Gray R, Greer |, Jarvis S, Williams C. Centile charts for birthweight for gesta-
tional age for Scottish singleton births. BMC Pregnancy Childbirth 2008; 8: 5 doi: 10.1186/1471-2393-
8-5 PMID: 18298810

Wallace JM, Horgan GH, Bhattycharya S. Gestational age, gender and parity specific centile charts for
placental weight for singleton deliveries in Aberdeen, UK. Placenta 2013; 34: 269-74. doi: 10.1016/j.
placenta.2012.12.007 PMID: 23332414

Mostello D, Chang JJ, Allen J, Luehr L, Shyken J, Leet T. Recurrent Preeclampsia: the effect of weight
change between pregnancies. Obstet Gynecol 2010; 116: 667—72. doi: 10.1097/A0G.
0b013e3181ed74ea PMID: 20733450

Jain AP, Gavard JA, Rice JJ, Catanzaro RB, Artal R, Hopkins SA. The impact of interpregnancy weight
change on birthweight in obese women. Am J Obstet Gynecol 2013; 208: 205.e1-7. doi: 10.1016/j.
ajog.2012.12.018 PMID: 23246318

Mazaki -Tovi S, Romero R, Kusanovic JP, Erez O, Pineles BL, Gotsch F, et al. Recurrent preterm birth.
Seminars in Perinatol 2007; 31: 142-58.

Dennedy MC, Avalos G, O’Reilly MW, O’Sullivan EP, Dunne FP. The impact of maternal obesity on
gestational outcomes. Ir Med J 2012; 105: 23-5 PMID: 22838105

Wallace JM, Horgan GW, Bhattacharya S. Placental weight and efficiency in relation to maternal body
mass index and the risk of pregnancy complications in women delivering singleton babies. Placenta
2012; 33:611-8. doi: 10.1016/j.placenta.2012.05.006 PMID: 22695104

Wallace JM, Milne JS, Aitken RP. Effect of weight and adiposity at conception and wide variations in
gestational dietary intake on pregnancy outcome and early postnatal performance in young adolescent
sheep. Biol Reprod 2010; 82: 320-330. doi: 10.1095/biolreprod.109.080069 PMID: 19794151

PLOS ONE | DOI:10.1371/journal.pone.0154812 May 4, 2016 14/14


http://www.ncbi.nlm.nih.gov/pubmed/23370032
http://www.ncbi.nlm.nih.gov/pubmed/16967276
http://www.ncbi.nlm.nih.gov/pubmed/17650297
http://www.ncbi.nlm.nih.gov/pubmed/17011943
http://www.ncbi.nlm.nih.gov/pubmed/18055727
http://dx.doi.org/10.1097/AOG.0b013e3182a7f63e
http://dx.doi.org/10.1097/AOG.0b013e3182a7f63e
http://www.ncbi.nlm.nih.gov/pubmed/24104777
http://www.ncbi.nlm.nih.gov/pubmed/8518243
http://dx.doi.org/10.1186/1471-2393-8-5
http://dx.doi.org/10.1186/1471-2393-8-5
http://www.ncbi.nlm.nih.gov/pubmed/18298810
http://dx.doi.org/10.1016/j.placenta.2012.12.007
http://dx.doi.org/10.1016/j.placenta.2012.12.007
http://www.ncbi.nlm.nih.gov/pubmed/23332414
http://dx.doi.org/10.1097/AOG.0b013e3181ed74ea
http://dx.doi.org/10.1097/AOG.0b013e3181ed74ea
http://www.ncbi.nlm.nih.gov/pubmed/20733450
http://dx.doi.org/10.1016/j.ajog.2012.12.018
http://dx.doi.org/10.1016/j.ajog.2012.12.018
http://www.ncbi.nlm.nih.gov/pubmed/23246318
http://www.ncbi.nlm.nih.gov/pubmed/22838105
http://dx.doi.org/10.1016/j.placenta.2012.05.006
http://www.ncbi.nlm.nih.gov/pubmed/22695104
http://dx.doi.org/10.1095/biolreprod.109.080069
http://www.ncbi.nlm.nih.gov/pubmed/19794151

