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CI 1.02−1.07).

ABSTRACT
Objective: This retrospective study aimed to characterize trimesterspeciﬁc and total gestational weight gain (GWG) over the
course of two consecutive pregnancies, as well as maternal
determinants associated with interpregnancy weight change
(IPWC) and excessive GWG in the second pregnancy.
Methods: We analyzed the electronic medical records of women who
delivered their ﬁrst two consecutive infants at term between 2001
and 2017.
Results: Weight gain trajectories differed between the ﬁrst and second
pregnancy for the 1497 women included in this study, with lower
second- and third-trimester weight gain in the second pregnancy.
Respectively, 53% and 41% of women had excessive GWG in the
ﬁrst and second pregnancies, with a higher proportion of excessive
GWG found in women with a higher body mass index (BMI). Most
women (55%) experienced interpregnancy weight gain. Maternal
determinants of IPWC were BMI before ﬁrst pregnancy, ﬁrsttrimester and total GWG in the ﬁrst pregnancy, and interpregnancy
interval (P < 0.0001). Maternal risk factors associated with
excessive GWG in the second pregnancy were excessive total
GWG in the ﬁrst pregnancy (OR 6.23; 95% CI 4.67−8.32),
interpregnancy weight gain (OR 1.58; 95% CI 1.19−2.09), and
interpregnancy interval (OR 1.18; 95% CI 1.07−1.29) as well
Keywords: pregnancy; gestational weight gain; Canada; body
mass index
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Conclusion: Weight gain trajectories differ between consecutive
pregnancies. GWG in the ﬁrst pregnancy is a key determinant for
IPWC and GWG in the second pregnancy.
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facteur important de la variation du poids entre les grossesses et du
 la deuxie
me grossesse.
GPG excessif a
© 2020 The Society of Obstetricians and Gynaecologists of Canada/La
Société des obstétriciens et gynécologues du Canada. Published by
Elsevier Inc. All rights reserved.
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INTRODUCTION

estational weight gain (GWG) is an important determinant of adverse health outcomes for both the
mother and her child.1 Excessive GWG is associated with
an increased risk of gestational hypertension, cesarean
delivery, the birth of a large-for-gestational-age infant, and
children who are overweight or obese.2−4 GWG trajectories also appear to have an impact on pregnancy outcomes:
Excessive GWG in the ﬁrst trimester is associated with
an increased risk of gestational diabetes mellitus and
greater neonatal adiposity.2,5,6 In 2009, the National
Academy of Medicine (NAM) established the guidelines
for total and trimester-speciﬁc GWG, based on women's
pre-pregnancy body mass index (BMI).1 More than half
(59.4%) of Canadian women experience excessive GWG.7
This prevalence is even higher among women who are
overweight or obese, who are already at risk for numerous other adverse outcomes.2,8

G

Although a higher pre-pregnancy BMI is associated with
poorer adherence to GWG recommendations, the literature
is still unclear regarding the impact of other maternal characteristics, especially in multiparous women. The NAM committee suggested that parity may inﬂuence GWG and should
be further investigated.1 Indeed, women who have excessive
GWG in their ﬁrst pregnancy are more likely to retain their
gained weight and exceed recommendations during a second
pregnancy.9,10 More speciﬁcally, weight retention in women
with excessive GWG showed a U-shaped curve: It declines
during the ﬁrst year after delivery and then increases in the
long term.10 Some studies have reported that during midlife,
a woman's BMI increases with her number of pregnancies in
which GWG was above recommendations.11 Moreover,
excessive GWG in one or several pregnancies is associated
with increased body weight, which can increase the risk of
developing complications in subsequent pregnancies and the
risk of long-term obesity.12−14 Thus, in a sample of women
who had two consecutive pregnancies, the objectives of this
study were (1) to characterize total and trimester-speciﬁc
GWG for both pregnancies and (2) to study maternal
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determinants associated with interpregnancy weight change
(IPWC) and excessive GWG in the second pregnancy.
METHODS
Study Population

This retrospective study included 1497 women who had their
ﬁrst two consecutive term pregnancies in one of the two
maternity hospitals within the CHU de Quebec-Universite
Laval (Quebec City, QC) between 2001 and 2017. Teenage
pregnancies (maternal age <18 years), twin pregnancies, and
stillbirths were excluded. Women with missing information
(i.e., body weight values before and throughout each pregnancy, height, and birth data) were also excluded. To examine
total GWG, only term pregnancies with available body
weight values for ≥37 weeks were included. Women were
also excluded if no body weight values in the ﬁrst half of the
pregnancy or less than ﬁve body weight values were recorded
(Figure S1; online Supplemental Material). The institutional
ethics committee approved the project and did not require
participant consent (reference number: 2019-4208).
Data Collection

Demographic variables collected in medical records
included the mother’s date of birth, postal code, parity,
height, and body weight values before and during pregnancy monitoring. Housing area and deprivation index
were computed from the women’s postal code.15 Pregnancy outcomes (i.e., gestational diabetes, hypertensive disorders [gestational hypertension and preeclampsia], and
edema) were collected from the medical records for each
pregnancy, as were delivery data (i.e., date, gestational week
at delivery, delivery mode, and complications during
labour). The newborn’s method of feeding during the hospital stay was collected from medical records.
Body Weight Values

Pre-pregnancy and at-term BMI were calculated for each
pregnancy by using the height, self-reported pre-pregnancy
weight, and last weight available in the medical record. For
each pregnancy, pre-pregnancy BMI was classiﬁed according
to NAM categories: underweight (<18.5 kg/m2), normal
(18.5−24.9 kg/m2), overweight (25.0−29.9 kg/m2), and
obese (≥30 kg/m2).1 IPWC was deﬁned as the difference
between the second and ﬁrst pre-pregnancy weight. A normal daily variation of §0.5 kg in healthy adults was considered in classifying women who had an interpregnancy weight
gain (>0.5 kg) or interpregnancy weight loss (<0.5 kg).16
Statistical Analyses

Paired Student t tests and a x2 tests were used, respectively,
to compare maternal characteristics and BMI categories
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between pregnancies. To compare the prevalence of pregnancy complications and delivery variables, two-sample
tests for proportions were performed. To determine trimester-speciﬁc GWG, individual GWG curves were computed from all body weight values to generate interpolated
weights at each week. Total GWG was calculated based on
the difference between the last available weight in the medical record (≥37 weeks) and the pre-pregnancy weight. For
each pregnancy, total and trimester-speciﬁc GWG were
compared to NAM recommendations and classiﬁed as
insufﬁcient, adequate, or excessive.1
Paired Student t tests were performed to assess changes in
total and trimester-speciﬁc GWG from one pregnancy to
the other and to examine the differences in pre-pregnancy
and at-term BMI between the ﬁrst and the second pregnancies. A x2 test was used to compare adherence to
NAM total GWG recommendations between pregnancies.
To compare proportions of women who had excessive
GWG between pregnancies, two-sample tests for proportions were performed. To compare trimester-speciﬁc
GWG across pre-pregnancy BMI categories, Bartlett tests
were ﬁrst performed, followed by pairwise t tests using
pooled standard deviations and Bonferroni correction. Statistical procedures to generate Figure 1 are documented in
the online Supplemental Material. Stepwise regressions
were performed with the predictor variables of the IPWC.
A cut-off point of P < 0.25 was used in the stepwise
regression to identify which variables could be entered in
the model. Finally, multivariable logistic regression analyses
were performed to evaluate the risk of excessive GWG in
the second pregnancy. For all statistical analyses, differences were considered statistically signiﬁcant at P < 0.05. Statistical analyses were performed with JMP version 14 (SAS
Institute Inc., Cary, NC) or with R.
RESULTS

Most of the women lived in an urban housing area with
privileged or average deprivation indexes (Table 1). The
majority were of normal weight before both pregnancies,
and less than 10% had gestational complications such as
diabetes or hypertension. There were no signiﬁcant differences between women included and all women excluded,
except for slightly greater age at delivery and lower hypertension prevalence in included women. Differences
between included and excluded women are presented in
Supplementl Material (Table S2).
Trimester-Speciﬁc and Total GWG

Total GWG was signiﬁcantly greater in the ﬁrst compared
to the second pregnancy (15.6 § 5.0 vs. 13.8 § 4.9 kg,

respectively) (Table S1; online Supplemental Material).
GWG was similar in the ﬁrst trimester (2.1 § 2.4 and 2.0
§ 2.4 kg for ﬁrst and second pregnancies, respectively) but
signiﬁcantly different in the second (6.7 § 2.4 and 6.1 §
2.3 kg for the ﬁrst and second pregnancies, respectively) and
third trimesters (6.7 § 2.8 and 5.7 § 2.5 kg for the ﬁrst and
second pregnancies, respectively) (Figure 1B). Proportions of
women adhering or not adhering to GWG recommendations, as shown in Figure S2A, were signiﬁcantly different
between pregnancies. Most women who were overweight or
obese exceeded GWG recommendations, particularly in their
ﬁrst pregnancy (Figure S2B). In all pre-pregnancy BMI categories, the prevalence of excessive GWG was signiﬁcantly
higher in the ﬁrst than in the second pregnancy. As shown in
Figure 1D, in each pregnancy, GWG differed among prepregnancy BMI categories.
Interpregnancy Weight Change

Although the average IPWC was 1.8 § 5.3 kg, most
women gained weight between the second and ﬁrst pregnancy (n = 823; 55%). These women gained on average 5.1
§ 4.3 kg between their pregnancies. Women who lost
weight between their pregnancies lost on average 2.4 §
3.0 kg (n = 648; 43%). Thirty-ﬁve percent of women
increased their BMI by at least one unit. Most women
(n = 1207; 81%) remained in the same BMI category
between their two pregnancies, but 14% (n = 207) went up
by one BMI category (8% moved into the overweight category and 4% moved into the obese category).
Weight Gain in the Second Pregnancy

Total GWG in the ﬁrst pregnancy, interpregnancy interval,
pre-pregnancy BMI at the ﬁrst pregnancy, ﬁrst trimester
weight gain in the ﬁrst pregnancy, and deprivation index were
identiﬁed as signiﬁcant predictors of IPWC in a fully adjusted
model (Table 2). In multivariable regression analyses, excessive total GWG in the ﬁrst pregnancy, interpregnancy interval,
interpregnancy weight gain, and BMI before the second pregnancy were signiﬁcant independent predictors of the risk of
excessive GWG during the second pregnancy (Table 3).
DISCUSSION

This retrospective study shows a high prevalence of excessive GWG, especially in primiparous women: GWG was
greater in the ﬁrst than in the second pregnancy, mainly
because of greater second and third trimester weight gain in
the ﬁrst pregnancy. Maternal determinants of IPWC were
BMI before the ﬁrst pregnancy, total and ﬁrst trimester
GWG in the ﬁrst pregnancy, and interpregnancy interval.
Maternal risk factors associated with excessive GWG in the
second pregnancy were excessive total and trimester-speciﬁc
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Table 1. Study sample characteristics (n = 1497)
No (%)a

Variable
Housing areab
Urban

1297 (87)

Rural
Deprivation index

200 (13)
b

Privileged

570 (38)

Average

607 (41)

Underprivileged

269 (18)

Unknown

51 (3)

Pre-pregnancy age, mean § SD, y
Pre-pregnancy BMI, mean § SD, kg/m

2

First pregnancy

Second pregnancy

P value

27.7 § 3.8

30.4 § 4.0

<0.0001c

23.6 § 4.7

24.3 § 5.2

<0.0001c

78 (5)

73 (5)

Pre-pregnancy BMI categories
Underweight
Normal weight

1019 (68)

934 (62)

Overweight

247 (17)

290 (19)

Obese

153 (10)

200 (13)

<0.0001d

29.4 § 4.9

29.4 § 5.0

0.83c

57 (4)

86 (6)

0.01e

77 (5)

30 (2)

<0.0001e

26 (2)

11 (1)

0.02e

556 (37)

415 (28)

<0.0001e

39.9 § 1.0

39.6 § 0.9

<0.0001c

1197 (80)

1197 (80)

1.00e

445 (30)

325 (22)

<0.0001e

1214 (81)

1171 (78)

0.051e

BMI at term, mean § SD, kg/m2
Gestational complications
Gestational diabetes
f

Hypertensive disorders
Preeclampsia
Edema
Delivery data
Gestational weeks
Delivery mode (vaginal)

Delivery complications (yes)

g

Exclusive breastfeeding at the hospital (yes)
Interpregnancy interval, mean § SD, mo
Interpregnancy weight change, mean § SD, kg
a

1.8 § 5.3

Unless otherwise indicated.

b

Data from the most recent pregnancy.

c

From paired t test.

d

From x2 test.

e

From two-sample tests for proportions.

f

22.9 § 17.2

Includes gestational hypertension and preeclampsia.

g

Includes dystocia, postpartum hemorrhage in vaginal delivery, chorioamnionitis, hyperthermia, placental retention, and resuscitation of the baby.BMI: body mass index.

GWG in the ﬁrst pregnancy, interpregnancy weight gain and
interval, and BMI before the second pregnancy.
Trimester-Speciﬁc and Total GWG

Weight gain trajectories were different between pregnancies, especially in the second and third trimesters. This
translates into a higher prevalence of excessive GWG in
the ﬁrst pregnancy than in the second. Likewise, other
studies found that GWG was greater in women’s ﬁrst
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versus second pregnancy and that primiparous women
gained more weight during pregnancy compared with multiparous women.9,17 In our study, GWG in the ﬁrst pregnancy was greater than GWG in the second pregnancy.
Accordingly, the proportion of women with excessive
GWG in the ﬁrst pregnancy exceeds the proportion of
those in the second pregnancy. Similarly, a study found that
primiparous women were more likely to gain excess weight
than were multiparous women.18 Although GWG in the
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Figure 1. Trajectories of a) weight and b) gestational weight gain in both pregnancies and trajectories of c) BMI and d)
gestational weight gain in both pregnancies according to pre-pregnancy BMI categories.

Figure 1A: Trajectories of weight in both pregnancies; Figure 1B: Trajectories of net gestational weight gain in both pregnancies; Figure 1C:
BMI according to pre-pregnancy, BMI categories with shaded areas representing IOM weight gain recommended ranges; Figure 1D:
Gestational weight gain according to pre-pregnancy BMI categories; Net weight gain : gestational weight curve with 0 for origin;
Abbreviations: P1: First pregnancy; P2: Second pregnancy ; UW: Underweight; NW: Normal weight; OW: Overweight; OB: Obese

ﬁrst trimester was similar between ﬁrst and second pregnancies, GWG in the second and third trimesters was lower in
the second pregnancy, resulting in equivalent at-term BMIs
in both pregnancies. We hypothesize that this equivalence
could be the result of a potential weight autoregulation in
the second pregnancy, but this should be further investigated.
Interpregnancy Weight Change

In our sample, most women gained weight between their
pregnancies. Indeed, the mean pre-pregnancy BMI signiﬁcantly increased between pregnancies, similar to the results
of a meta-analysis that concluded that parity is positively

associated with pre-pregnancy BMI.19 We found that 35%
of all women gained at least one BMI unit from the ﬁrst to
the second pregnancy, much like the 41% of women in a
study by Cnattingius and Villamor.20 The mean IPWC of
1.8 § 5.3 kg was very similar to the median of 1.6 §
5.5 kg found by Reynolds et al.21 The latter study also
found similar proportions of women who were overweight
or obese between pregnancies.21 In addition, total GWG in
the ﬁrst pregnancy was the main signiﬁcant determinant of
IPWC. Rong et al.10 also reported that GWG, rather than
pre-pregnancy BMI, determines weight retention in the
short and long term. Interestingly, weight gain in the ﬁrst
trimester of the ﬁrst pregnancy was also a determinant of

APRIL JOGC AVRIL 2021

Downloaded for Anonymous User (n/a) at University of Sherbrooke from ClinicalKey.com by Elsevier on July 26,
2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.



487

WOMEN’S HEALTH  SANTÉ DES FEMMES

Table 2. Stepwise regression analyses of interpregnancy weight changea
r2 £ 100

b

P value

Total weight gain in ﬁrst pregnancy, kg

6.6

0.32

< 0.0001

Interpregnancy interval, mo

1.3

0.11

< 0.0001

Pre-pregnancy body mass index at ﬁrst pregnancy, kg/m2

1.2

0.11

< 0.0001

First-trimester weight gain in ﬁrst pregnancy, kg

1.1

0.13

<0.0001

Deprivation index (underprivileged vs. average or privileged)

0.2

0.05

0.049

Gestational week at ﬁrst delivery, wk

0.2

-0.04

0.09

Housing area (rural vs. urban)

0.1

0.03

0.18

Total

10.7

b coefﬁcients, r2 £ 100, and P values are not shown for variables that were not included in the regression model (P > 0.25) following the stepwise procedure. The model
was adjusted for other variables of the ﬁrst pregnancy: mother’s age, gestational diabetes, hypertensive disorders of pregnancy, edema, delivery mode, birth
complications, exclusive breastfeeding, and second- and third-trimester gestational weight gain.

a

Table 3. Multivariable regression analyses for risk of excessive GWG during the second pregnancy
Variables
GWG according to recommendations at ﬁrst pregnancy (excessive vs. others)

a

Odds ratioa (95% CI)

P value

6.3 (4.68−8.34)

<0.0001

Interpregnancy interval, y

1.2 (1.06−1.28)

0.001

IPWC (>0.5 kg vs. ≤0.5 kg)

1.6 (1.19−2.08)

0.001

Pre-pregnancy BMI at second pregnancy, kg/m2

1.0 (1.02−1.07)

0.002

Gestational diabetes at second pregnancy (yes vs. no)

1.6 (0.87−2.90)

0.13

Exclusive breastfeeding at ﬁrst pregnancy (yes vs. no)

1.1 (0.82−1.60)

0.41

Deprivation index (underprivileged vs. average or privileged)

1.1 (0.80−1.56)

0.52

Age at ﬁrst delivery, y

1.0 (0.96−1.03)

0.63

Odds ratios compared with women who had adequate GWG in the second pregnancy.

BMI: body mass index; GWG: gestational weight gain; IPWC: interpregnancy weight change.

IPWC in our study. Thus, effective interventions to promote healthy weight gain in ﬁrst-time mothers, as early as
the ﬁrst trimester, appear relevant.
Weight Gain in the Second Pregnancy

The most signiﬁcant risk factor associated with excessive
GWG in the second pregnancy was an excessive GWG in
the ﬁrst pregnancy, which is similar to the results of other
studies.9,22 Moreover, Chin et al.22 found that a greater interpregnancy interval led to an increased risk of excessive
GWG in the second pregnancy, similar to our results,
although we identiﬁed other signiﬁcant risk factors of excessive GWG in the second pregnancy, including interpregnancy weight gain and BMI before the second pregnancy.
Strengths and Limitations

A major strength of our study is the precise characterization
of GWG and the inclusion of trimester-speciﬁc GWG in
regression model analyses. Moreover, the study sample was
representative of the Canadian and French-Canadian population of pregnant women based on age and BMI. In fact, the
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maternal age at ﬁrst and second delivery was similar to provincial and national averages (Quebec in 2018: 29.15 and
31.19, respectively; Canada in 2016: 29.2 and 31.4, respectively).23,24 Furthermore, the average BMI of Canadian
women of childbearing age (18−44 years) in 2015 was similar
that in to our sample, but with a higher prevalence of women
who were overweight or obese pre-pregnancy: 5% underweight, 50% normal weight, 24% overweight, and 21%
obese.25 This may be of concern given that women who are
overweight or obese are more likely to exceed GWG recommendations and have greater interpregnancy weight gain.
Some limitations need to be acknowledged, mainly regarding the limited available information in medical records
that did not allow consideration of important maternal
characteristics, such as level of education, the amount and
nature of advice related to GWG received during medical
follow-ups, family income, or ethnicity. The inclusion of
these variables, as well as psychological and lifestyle factors,
would have greatly improved the understanding of the
weight variation between consecutive pregnancies. In
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addition, the generalizability of our results is limited by a
globally short interpregnancy interval in the cohort.

10. Rong K, Yu K, Han X, et al. Pre-pregnancy BMI, gestational weight gain
and postpartum weight retention: a meta-analysis of observational studies.
Public Health Nutr 2015;18:2172–82.

Furthermore, the pre-pregnancy weight collected from
medical records, on which pre-pregnancy BMI and GWG
calculations were based, was self-reported. However, these
data have been shown to be reliable.26

11. Hutchins F, Abrams B, Brooks M, et al. The effect of gestational weight
gain across reproductive history on maternal body mass index in midlife:
the study of women's health across the nation. J Womens Health (Larchmt)
2020;29:148–57.

CONCLUSION

We observed a high prevalence of excessive GWG, especially during women's ﬁrst pregnancy and in women who
were overweight or obese. We also identiﬁed weight gain in
the ﬁrst pregnancy as a determinant of interpregnancy
weight change and a risk factor for excessive weight gain in
a subsequent pregnancy. Ideally, health care professionals
should intervene as early as possible to promote healthy
GWG, especially for ﬁrst-time mothers.
Acknowledgements

The authors would like to acknowledge the valuable collaboration of Pierre Gagnon for his help with the statistical
analyses. They would also like to acknowledge internship
students on their research team for contributing to data
 milie Bernier, Marie-E
 ve Bernier, Andreecollection: E
Anne Doyon, Marianne Gagnon, Claudia Labrecque, and
Emmanuelle Yan.
REFERENCES
1. Institute of Medicine. Weight gain during pregnancy: reexamining the
guidelines. Washington, DC: National Academies Press; 2009.
2. Gaillard R, Durmus B, Hofman A, et al. Risk factors and outcomes of
maternal obesity and excessive weight gain during pregnancy. Obesity
(Silver Spring) 2013;21:1046–55.
3. Goldstein RF, Abell SK, Ranasinha S, et al. Association of gestational
weight gain with maternal and infant outcomes: a systematic review and
meta-analysis. JAMA 2017;317:2207–25.
4. McDowell M, Cain MA, Brumley J. Excessive gestational weight gain. J
Midwifery Womens Health 2019;64:46–54.
5. Josefson JL, Simons H, Zeiss DM, et al. Excessive gestational weight gain
in the ﬁrst trimester among women with normal glucose tolerance and
resulting neonatal adiposity. J Perinatol 2016;36:1034–8.
6. Morisset AS, Tchernof A, Dube MC, et al. Weight gain measures in women
with gestational diabetes mellitus. J Womens Health (Larchmt) 2011;20:375–80.
7. Dzakpasu S, Fahey J, Kirby RS, et al. Contribution of prepregnancy body mass
index and gestational weight gain to adverse neonatal outcomes: population
attributable fractions for canada. BMC Pregnancy Childbirth 2015;15:21.

12. Cohen AK, Chaffee BW, Rehkopf DH, et al. Excessive gestational weight
gain over multiple pregnancies and the prevalence of obesity at age 40. Int J
Obes (Lond) 2014;38:714–8.
13. Martinez-Hortelano JA, Cavero-Redondo I, Alvarez-Bueno C, et al.
Interpregnancy weight change and hypertension during pregnancy: a
systematic review and meta-analysis. Obstet Gynecol 2020;135:68–79.
14. Oteng-Ntim E, Mononen S, Sawicki O, et al. Interpregnancy weight change
and adverse pregnancy outcomes: a systematic review and meta-analysis.
BMJ Open 2018;8:e018778.
15. Institut national de sante publique du quebec (INSPQ) from 1991, 1996,
2001, 2006, 2011 and 2016 Canadian census data. Index of material and
social deprivation compiled by the Bureau d'information et d'etudes en
sante des populations (BIESP). Available at: https://www.inspq.qc.ca/en/
expertise/information-management-and-analysis/deprivation-index.
Accessed on March 31, 2020.
16. Ma Y, Olendzki BC, Li W, et al. Seasonal variation in food intake, physical
activity, and body weight in a predominantly overweight population. Eur J
Clin Nutr 2006;60:519–28.
17. Nohr EA, Vaeth M, Baker JL, et al. Pregnancy outcomes related
to gestational weight gain in women deﬁned by their body mass
index, parity, height, and smoking status. Am J Clin Nutr 2009;90:1288–94.
18. Ashley-Martin J, Woolcott C. Gestational weight gain and postpartum
weight retention in a cohort of nova scotian women. Matern Child Health J
2014;18:1927–35.
19. Hill B, Bergmeier H, McPhie S, et al. Is parity a risk factor for excessive
weight gain during pregnancy and postpartum weight retention? A
systematic review and meta-analysis. Obes Rev 2017;18:755–64.
20. Cnattingius S, Villamor E. Weight change between successive pregnancies
and risks of stillbirth and infant mortality: a nationwide cohort study. Lancet
2016;387:558–65.
21. Reynolds CME, Egan B, O'Malley EG, et al. Longitudinal study of maternal
BMI in successive pregnancies. Obesity (Silver Spring) 2020;28:460–7.
22. Chin JR, Krause KM, Ostbye T, et al. Gestational weight gain in
consecutive pregnancies. Am J Obstet Gynecol 2010;203. 279 e1−6.
23. Institut de la statistique du quebec (ISQ). Naissances, taux de fecondite selon
le groupe d'^age de la mere, indice synthetique de fecondite et ^age moyen a la
maternite, selon le rang de naissance, quebec. Available at: https://www.bdso.
gouv.qc.ca/pls/ken/ken213_aﬁch_tabl.page_tabl?p_iden_tran=
REPERY45MJH40-82259259940MSMzP&p_lang=2&p_m_o=ISQ&p_id_
ss_domn=819&p_id_raprt=792. Accessed on March 31, 2020.
24. Statistics Canada. Report on the demographic situation in canada. Fertility:
overview, 2012 to 2016. Available at: https://www150.statcan.gc.ca/n1/pub/
91-209-x/2018001/article/54956-eng.htm. Accessed on March 31, 2020.

8. Morisset AS, Dubois L, Colapinto CK, et al. Prepregnancy body mass index
as a signiﬁcant predictor of total gestational weight gain and birth weight.
Can J Diet Pract Res 2017;78:66–73.

25. Statistics Canada. Table13-10-0794-01 measured adult body mass index
(BMI) (World Health Organization classiﬁcation), by age group and sex,
Canada and provinces, Canadian community health survey − nutrition.
Available at: https://doi.org/10.25318/1310079401-eng. Accessed on
April 14, 2020.

9. Adams EL, Marini ME, Leonard KS, et al. Patterns of gestational weight
gain and infants born large-for-gestational age across consecutive
pregnancies. Womens Health Issues 2019;29:194–200.

26. Shin D, Chung H, Weatherspoon L, et al. Validity of prepregnancy weight
status estimated from self-reported height and weight. Matern Child Health
J 2014;18:1667–74.

APRIL JOGC AVRIL 2021

Downloaded for Anonymous User (n/a) at University of Sherbrooke from ClinicalKey.com by Elsevier on July 26,
2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.



489

WOMEN’S HEALTH  SANTÉ DES FEMMES

SUPPLEMENTAL MATERIAL
Statistical analyses to generate Figure 1

The curves in Figure 1 were produced using a two-step
procedure conducted pregnancy-wise. In a ﬁrst step, the
interpolated body weight values were considered to generate a standardized weight curve for each individual from 0
to 40 weeks of gestation. For the individuals whose last
available weight was before 40 weeks, interpolation only
could not be used, and a k-nearest neighbor approach was
employed to impute the missing weights between the last
available weight and week 40. Speciﬁcally, the missing
weight at time t of a given individual was imputed by adding to their weight at time t-1 the average weight gain from

week t-1 to week t of the k individuals whose weight gains
from time t-m to t-1 where among the k closest to the
ones of the considered individual. To choose m and k, a
10-fold cross-validation procedure was used.1 From there,
in a second step, a nonparametric kernel-based regression
smoother was applied to the scatter plot of the (groupbased on pre-pregnancy BMI categories) average of the
body weight values per week. Weight gain curves were
obtained by shifting the individuals’ curves by their value
at time t=0.
1

Hastie T, Tibshirani. R, Friedman. J. The elements of statistical learning: Data mining, inference, and prediction.:
Springer Science & Business Media; 2009.

Figure S1. Flowchart of the study sample
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Trimester-Speciﬁc and Total Gestational Weight Gain in Two Consecutive Pregnancies

Figure S2. Adherence to recommendations for a) total and trimester-speciﬁc gestational weight gain and for b) total GWG
according to pre-pregnancy body mass categories

Table S1. Gestational weight gain for the two pregnancies
Period

First pregnancy
Mean § SD

Range

Mean § SD

Range

First trimester

2.2 § 2.4

6.8-22.0

2.0 § 2.4

7.2-18.4

0.16

Second trimester

6.7 § 2.4

3.5-17.6

6.1 § 2.4

4.5-19.0

<0.0001

Third trimester

6.8 § 2.8

3.0-19.1

5.7 § 2.6

5.4-17.6

<0.0001

15.6 § 5.0

1.9-39.6

13.8 § 4.9

1.8-40.6

<0.0001

Total
a

p-valuea

Second pregnancy

p-value for paired t-test
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Table S2. Characteristics of included and excluded
women
Mean § SD or %
Variables
Age at delivery (years)
First pregnancy
Second pregnancy

WI

WE

p-value

28.5 § 3.8
32.1 § 4.0

28.0 § 4.4
30.8 § 4.4

<0.0001
0.004

Gestational diabetes
First pregnancy
Second pregnancy

4
6

3
7

0.66
0.29

Hypertension
First pregnancy
Second pregnancy

5
2

7
4

0.01
0.001

Analyses of variance (ANOVA) with Tukey’s honest signiﬁcant difference (HSD)
post hoc tests were performed to compare maternal age between included and
excluded women followed by chi-square tests to compare hypertension and diabetes prevalence. Abbreviations: WI: Women included; WE: Women excluded.
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