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BACKGROUND: Weight retention between pregnancies is associated with increased risk of perinatal complications, but it is unclear
whether there is an association with offspring weight status. This study aimed to determine whether maternal interpregnancy
weight change is associated with offspring overweight/obesity, controlling for confounding variables.

SUBJECTS/METHODS: Routinely collected linked data from perinatal and child datasets, in Flanders, Belgium were used. Women
having their first and second live births between 2009-2018 were included. The association between maternal interpregnancy
weight change and overweight/obesity in the second child at 2 years was examined by logistical regression models.

RESULTS: A total of 33,172 women were included. 52.7% (n = 17478) had a stable interpregnancy BMI, 24.1% (n = 8024) and 8.5%
(n=2821) had moderate and substantial BMI increases respectively. At 2 years, 91.6% (n = 30383) of the second offspring had a
healthy weight, 0.6% (n =210), 7.0% (n =2312) and 0.8% (n = 267) were in the underweight, overweight and obesity BMI
categories respectively. Multivariate analysis showed no statistical evidence that maternal interpregnancy BMI change is
independently associated with overweight/obesity in the second child. The strongest independent factors were the first child
(sibling) being in the obesity category at 2 years (odds ratio [OR] 7.2, [95% Cl, 5.49-9.45] and being born Large for Gestational Age
(LGA) (2.13 [1.92-2.37]). The following variables were also independently associated with the outcome measure: maternal African
origin (1.90 [1.59-2.26]), maternal obesity at start of first pregnancy (1.33 [1.16-1.53]), excessive gestational weight gain in the
second pregnancy (1.15 [1.04-1.28]), being born after a < 1-year interpregnancy time interval (1.17 [1.05-1.30]) and not being
exclusively breastfed at 12 weeks old (1.29 [1.10-1.52]).

CONCLUSION: Sibling obesity and being born LGA were most strongly independently associated with overweight/obesity at 2
years. This supports the need for family interventions and to address risk factors for development of LGA infants. There was no

independent association with interpregnancy weight gain, contrary to what was hypothesised.
International Journal of Obesity; https://doi.org/10.1038/541366-024-01554-y

INTRODUCTION

Both pregnancy and postpartum are key life stages during which
a woman’s weight trajectory is altered. In order to support
optimal foetal development and a healthy infant birth weight, it is
recommended that those starting pregnancy in the healthy
weight bracket should gain approximately 11-16 kg, with less
gestational weight gain (GWG) advised for those with a higher
starting body mass index (BMI) and more GWG for those with a
lower starting BMI [1-4]. However, due to difficulties losing
weight in the postpartum period, pregnancy itself has been
suggested to contribute to the development of obesity [5, 6] with
meta-analyses suggesting that multiparous women are more

likely to have a higher pre-pregnancy BMI than primiparous
women [7].

In Europe, the prevalence of pre-pregnancy overweight and
obesity was between 30-50% and 8-26% respectively in 2014 [8].
More recent figures from the Flanders region of Belgium estimate
the prevalence to be 26.4% and 15.8%, respectively [9]. It has been
suggested that due to the increase in maternal obesity, GWG
guidelines written in 2009 [1] may recommend too much weight
gain in those with class Il (=35kg/m? and class Ill (=40 kg/m?)
obesity [10]. The duration and extent of postpartum weight
retention is associated with pre-pregnancy weight and GWG
[11-15]. Therefore, preventing excessive GWG and limiting
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postpartum weight retention is an important public health
concern.

Postpartum weight retention may lead to interpregnancy weight
increase. Research indicates that ~35% of women with a BMI in the
healthy or overweight range move to a higher BMI category by the
start of their next pregnancy [16]. Four systematic reviews
[3, 17-19] have demonstrated that significant interpregnancy
weight gain is associated with an increased risk of adverse
perinatal outcomes. These include both maternal (gestational
diabetes, pre-eclampsia, caesarean birth) and offspring outcomes
(large for gestational age (LGA), macrosomia), but not childhood
weight status. Conversely, an interpregnancy BMI decrease is
associated with a decreased risk of LGA [17-19]. All four systematic
reviews also demonstrated that the relative risk of interpregnancy
weight gain on some adverse outcomes was greater among those
with a BMI<25kg/m? at the start of the index pregnancy
compared to those with a starting BMI = 25 kg/m”?.

Although many studies have investigated the impact of pre-
pregnancy maternal obesity and/or GWG on offspring weight
status [20], the association between interpregnancy weight
change and offspring weight status has not been explored in
depth. To our knowledge, only two previous studies [21, 22] have
been published, both finding a higher risk of childhood obesity in
the offspring of women with interpregnancy weight gain (defined
as >3 [22] or =4 [21] BMI units respectively).

We previously showed in a regional representative cohort of
women from Belgium (n = 57897) that weight retention between
the first and second pregnancy is associated with an increased risk
of perinatal complications, even in those starting pregnancy with
a BMI < 25 kg/m? [23]. We now build on this work, using the same
regional perinatal dataset [24]. We examine the effect of
interpregnancy weight change on the risk of early childhood
overweight and obesity, linking to an extensive early childhood
dataset [25], whilst controlling for confounding variables with
multivariate analysis.

MATERIALS AND METHODS

Datasets

Pregnancy and birth data is derived from the Flemish Study Center for
Perinatal Epidemiology (SPE) dataset for women with 1st and 2nd parity
within the study period of 2009-2018 [24]. Child data is derived from the
“Opgroeien” (formerly known as “Kind & Gezin") dataset [25]. SPE routinely
registers perinatal data from all deliveries in Flanders, Belgium, containing
information about maternal and gestational age at delivery, maternal
height and weight before pregnancy, maternal weight at delivery, parity,
diabetes in pregnancy, mode of delivery and birth weight. Opgroeien
collects data about (young) children and their families in Flanders. Their
database contains sociodemographic data, breastfeeding status until
6 months, and child’s height/weight measurements at birth until 2 years.
Data from SPE and Opgroeien were linked by a Trusted-Third Party,
matching parity, maternal and neonate date of birth, and maternity centre.

Measurement of weight, height and interpregnancy changes
Pre-pregnancy weight (kg) and height (m) were self-reported during
pregnancy. Maternal weight at delivery (kg) was measured in the delivery
room or, if not available, weight at the last prenatal visit was used. BMI was
calculated as weight/(height)? (kg/m?). GWG was calculated by subtracting
maternal pre-pregnancy weight from weight at delivery and was
categorized as insufficient, adequate, or excessive in accordance with
the Institute of Medicine guidelines [1].

Interpregnancy time interval was calculated as the number of completed
weeks between the birth of the first and second neonate minus the duration
of the second pregnancy (weeks) and categorised into <1, 1-1.9, 2-2.9 or
>3 years. Interpregnancy weight change was calculated as the difference
between the pre-pregnancy BMI of the first pregnancy and the pre-
pregnancy BMI of the second pregnancy as per previous publications [23, 26].
Interpregnancy weight change category was defined as: <—1kg/m? (weight
loss), —1 to 0.99 kg/m2 (reference/stable group), 1-2.99 kg/m2 (moderate
increase), and >3 kg/m? (substantial increase) [20, 22].
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Covariates

The highest maternal educational qualification was self-reported and
categorised as primary education/no education, lower secondary educa-
tion, secondary education, and higher education. Maternal origin was
defined as maternal country of birth and recorded under fourteen
categories, which were combined into three categories: Africa, Europe, and
other. Living in poverty was recorded if 3 of 6 deprivation characteristics
were met (income, education, employment, low stimulation, housing, and
health of family).

Breastfeeding status was reported in three categories (yes exclusively,
yes not exclusively, no) at three time points: 6 days; 12 weeks and
6 months. The categories were merged as follows into four categories for
analysis: no breastfeeding at 6 days, exclusively breastfeeding at (least)
6 days, exclusively breastfeeding at (least) 12 weeks, and exclusively
breastfeeding at 6 months.

Information about smoking during pregnancy was only available in 39%
of the cases and was therefore not retained in the analyses.

Outcome assessment
Offspring weight (g) and length (cm) were routinely measured at birth and
at 2 years. Measurements took place as close to age 2 years as possible,
only those whose measurements that took place between 23 and
25 months of age were included. BMI was calculated as weight/(height).
Low BMI was classified according to WHO criteria [27]. Overweight and
obesity were defined using the International Obesity Task Force definition
BMI z score cut-offs [28]. Overweight and obesity are presented as separate
categories for descriptive statistics but combined as one variable for the
univariate and multivariate models.

Statistical analysis

Descriptive statistics and frequencies were calculated for all variables for all
participants and stratified by interpregnancy weight change category.
Unadjusted comparisons were calculated using Kruskal-Wallis for contin-
uous variables and chi-square test for categorical variables.

To estimate the controlled direct effect of interpregnancy BMI change,
potential confounders were additionally adjusted in a multivariate
model. The covariates included were: maternal pre-pregnancy BMI
category before first pregnancy, maternal age category at first
pregnancy, maternal origin, BMI category of 1st child at 2 years,
interpregnancy time interval category, GWG of 2nd pregnancy category
[1], birth weight category of 2nd child, living in deprivation status and
breastfeeding category of 2nd child. Maternal education was not
included in the model as it was highly associated with living in
deprivation status (c-index of 0.89).

The association between the maternal interpregnancy weight change
and risk of childhood overweight/obesity in the second child was
examined by logistic regression models predicting the outcome (over-
weight/obesity of the second child) by categories of BMI gain (with
stable BMI as the reference category) and covariates using a logit link.
This was analysed first in the whole sample and then stratified by
maternal BMI category at first pregnancy. The multiple logistic
regression models were complete case analyses: no data imputation
for missing values in one of the explanatory variables. A statistical
significance level of 0.05 with 95% confidence intervals was used in the
models.

Ethical approval

The scientific committee of SPE granted approval for the analysis of the de-
identified data. This study was furthermore exempt from approval by the
KU Leuven institutional review board because data is routinely collected
registry data that is used for scientific purposes only. A signed protocol
agreement for data sharing was signed between SPE, Opgroeien and KU
Leuven to this effect on 09/07/2020. The process was facilitated by the
university’s data protection office.

RESULTS

We received a dataset of 569,914 cases (mother-child data). After
selecting cases with 1st and 2nd parity within the study period of
2009-2018 and after excluding cases with missing data, a total of
33,172 cases remained for analysis. The flowchart of cases is
shown in Fig. 1.
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‘ 569914 cases of mother-child data
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40-185kg), or mother’s length (135-195cm)

30269 missing or outlying value (not within range): mother’s weight before pregnancy (range 35-170kg), at delivery (range

539645 cases

‘ 47102 missing: baby’s weight and length at birth

492543 cases

‘ 7 missing: baby’s gender, pregnancy duration (weeks) ‘

492536 cases

‘ 120 missing breastfeeding information

492416 cases

‘ 186910 no child’s weight and length measurements at 2 years (100-108 weeks) ‘

305506 cases

239162 first and second parity of the same mother not in time period 2009-2018, or mother had higher parity, or mother had
only parity 1, or mother had only parity 2 in 2009-2018

33172 cases of mother-child data of 1st parity
33172 cases of mother-child data of 2" parity

Fig. 1 Flow chart of mother and child cases for inclusion in analysis. Pregnancy and birth data is derived from the Flemish Study Center for
Perinatal Epidemiology (SPE) dataset. Child data is derived from the “Opgroeien” (formerly known as “Kind & Gezin") dataset.

Descriptive statistics

Descriptive statistics are shown in Table 1. Mean maternal age at
the second pregnancy was 30.4 (3.58) years. Most mothers were of
European origin (92.5%, n = 30,670), most had higher education
(68.3%, n=21,939), with a small minority living in deprivation
(4.0%, n=1308). Approximately two-thirds (67.7%, n=22,441)
had a BMI in the healthy category at the start of pregnancy 1,
decreasing to 62.8% (n=20,826) at the start of pregnancy 2. A
greater proportion of infants from pregnancy 2 were exclusively
breastfed until 6 months, compared to the first infant (8.8% vs.
6.6%). Most offspring from pregnancy 1 were in the healthy BMI
category at 2 years (92.4%, n=30,656), compared to 91.6%
(n=30,383) for child 2.

Of the 33,172 women in the dataset, 52.7% (n = 17,478) had a
stable interpregnancy weight, whilst 24.1% (n = 8024) and 8.5%
(n=2821) had moderate and substantial increases respectively.
14.6% (n = 4849) experienced >1 kg/m2 decrease in BMI between
pregnancies. Those who had substantial interpregnancy BMI
increase, were more likely to be younger, of non-European
background, of lower educational level and have a higher starting
BMI at pregnancy 1 (p < 0.0001).

Figure 2 shows the change in BMI categories from first to
second pregnancy (n=33,172). It can be seen that 11.6% of
women with a healthy pre pregnancy BMI at 1st parity move to
the overweight category by the second pregnancy, 17.3% of those
in the overweight category move to the obesity category.

Univariate analysis exploring association to weight status of the
second child at age 2 years is shown in Supplementary file 1.

Multivariate analysis
Table 2 shows the multivariate models investigating variables
associated with overweight/obesity in the 2nd child at 2 years,
across the whole sample and stratified by maternal BMI category
at the start of the first pregnancy. There was no statistical
evidence that maternal interpregnancy BMI change is indepen-
dently associated with overweight/obesity in the 2nd child at 2
years.

The most important factors in the multivariate model were the
BMI of the 1st child at 2 years and the birth weight category of the
2nd child. If the first child was overweight at two years, the odds
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ratio (OR) of the second child being in the overweight/obesity
category was 3.89 (95% Cl 3.46-4.37, p < 0.001), increasing to 7.20
(95% ClI 5.49—-9.45, p < 0.001) if the first child was in the obesity
category. This effect was strongest in the offspring of mothers
who had a healthy BMI at the start of the first pregnancy (OR 9.50,
95% Cl 6.51-13.88, p < 0.001), however, the confidence intervals
are quite wide. We noted that the overweight/obesity rate of 2nd
children is much lower (1555/22441, 7%) if the mother had a
healthy BMI at the start of the first pregnancy, compared to if the
mother had a BMI in the obesity category at the start of the first
pregnancy (317/2675, 12%) (data not shown). Infants who were
born LGA were 2.13 times more likely to be in the overweight/
obesity BMI category at 2 years, compared to those born in
appropriate gestational weight category (95% ClI 1.92-2.37,
p < 0.001).

Maternal BMI at the start of the first pregnancy was significantly
associated with childhood overweight/obesity of the 2nd child at
2 years across all BMI categories. Those in the underweight
category were 40% less likely to have the second child in the
overweight/obesity category at 2 years (OR 0.60, 95% Cl 0.45-0.79,
p<0.001). The OR incrementally increased with increasing
maternal BMI category (OR 1.19, 95% ClI 1.07-1.32, p=0.001 for
overweight and OR 1.33 (95% Cl 1.16-1.53, p < 0.001) for obesity
category respectively.

Children of non-European origin were more likely to be in the
overweight/obesity category at age of two years, compared to
those of European origin (OR of 1.90 95% Cl 1.59-2.26, p < 0.001
for African origin and OR of 1.27 (95% Cl 1.02-1.58, p = 0.03) for
those of other origin). Those who had excessive GWG in the
second pregnancy (OR 1.15, 95% Cl 1.04-1.28, p = 0.005) were
more likely to have a second child in the overweight/obesity
category at 2 years. Offspring born after a short (<1 year)
interpregnancy time interval (OR 1.17, 95% Cl 1.05-1.30, p = 0.004)
were more likely to be in the overweight/obesity category at age 2
years, overall and across all maternal BMI categories.

Children who were not exclusively breastfed at 6 days or
exclusively breastfed for <12 weeks, were more likely to be in the
overweight/obesity category at 2 years compared to those who
were exclusively breastfed at 6 months (OR 1.19, 95% Cl 1.01-1.41,
and 1.29, 95% Cl 1.10-1.52, p = 0.04).
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27 (0.6) 117 (0.7) 45 (0.6) 21 (0.7) 210 (0.6)

Underweight BMI
Healthy BMI

30,383 (91.6)

2312 (7.0)
267 (0.8)

2508 (88.9)
245 (8.7)
47 (1.7)

7332 (91.4)
577 (7.2)
70 (0.9)

16,135 (92.3)
1120 (6.4)
106 (0.6)

4408 (90.9)
370 (7.6)

44 (0.9)

Overweight BMI

Obese BMI
"Kruskal-Wallis p-value; >Chi-Square p-value.

BF breastfeeding, BMI body mass index.
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DISCUSSION

The aim of this study was to explore patterns of interpregnancy
weight change and their association with offspring weight status
at age 2 years, using routinely collected data from pregnant
women in Belgium. In contrast to previous findings [21, 22] and
hypothesis that substantial interpregnancy weight gives a higher
risk for obesity of the offspring, we did not observe this in the
multivariate analysis. There was no statistical evidence that
maternal interpregnancy BMI change is independently associated
with overweight/obesity of the second child at 2 years. The most
important factors were the BMI of the first child (sibling) at 2 years
and the 2nd child being born LGA of the 2nd child. An
interpregnancy interval <1 year, short or no breastfeeding,
maternal pre-pregnancy BMI, excessive GWG during the second
pregnancy and maternal origin have lesser, but significant
independent effects on the likelihood of overweight/obesity at
age two years.

Although there have been several systematic reviews con-
ducted on the effect of interpregnancy weight change on
perinatal outcomes, there is limited research on the effect on
childhood weight outcomes. Only two studies have been
identified [21, 22], both found increased likelihood of childhood
overweight/obesity associated with substantial interpregnancy
weight gain. Ziauddeen et al. [22] noted a 283% rate of
overweight/obesity in offspring born to mothers with substantial
interpregnancy weight gain, compared to 19.1% if born to a
mother with stable interpregnancy weight. The study, based in the
South of England (n =4789) [22], assessed weight at 4-5 years,
which likely explains the higher rates of overweight/obesity
observed compared to the current study. Additionally, the rates of
substantial interpregnancy weight change between the two
studies differed considerably (23.7% compared to only 8.5% of
the population in the present analysis) and the present analysis
also included women who were underweight and those who had
lost weight between pregnancies [22]. The multivariate model
used different covariates to the present study, not accounting for
GWG and breastfeeding status after 6 weeks. Similarly, the study
by Adane et al. [21] (hn=714), based in Australia, assessed
childhood weight at age 6-7 years and did not consider the effect
of breastfeeding or GWG either. The potential for maternal factors,
including interpregnancy weight change to have an independent
influential effect on weight status in later childhood in this cohort,
cannot be ruled out, given that the outcome measure was
assessed at a relatively young stage in early childhood (2 years)
and the rate of childhood overweight & obesity at age 2 years
(7.8%) is likely to increase into older childhood. Indeed, rates of
overweight/obesity in 6-year-old boys and girls in this region were
11.0% and 15.7% respectively in 2015, increasing to 15.5% and
18.4% at age 10 years respectively [29]. This trend has been
observed in research analysing BMI trajectories from 2 to 6 years,
showing that children with a high and increasing BMI trajectory
between these ages are strongly associated with maternal
prepregnancy obesity and overweight [30].

The finding that the BMI of the first child was the strongest
predictor (OR 7.2) of the second child having a BMI in the
overweight/obesity category indicates the strength of influence of
shared familial factors and emphasises the clustering of over-
weight/obesity within families. Sibling weight status is influential
due to shared common factors, namely genetics, intrauterine
environment, socioeconomic status, nutrition intake and physical
activity behaviour [31]. A study using a national sample of
American households (n = 10,244) reported an increased OR of 2.2
of childhood obesity in one child households if a parent was living
with obesity. However, the OR increased to 5.5 in those who had
an elder sibling with obesity [32].

Being born LGA was the second most influential factor on
likelihood of overweight/obesity at 2 years. This was more likely in
those who had substantial interpregnancy weight gain (14.2%)
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2.2% 13.5%

obesity

14.5%

overweight

2.3%
healthy weight

BMI category 1st pregnancy

59.4%
underweight
0.0%

20.0% 40.0%

85.7%

84.3%

68.1%

17.3%

11.6%

39.9%

60.0% 80.0% 100.0% 120.0%

Rate of women (%)

BMI category 2nd pregnancy: W underweight

W healthy weight

overweight B obesity

Fig. 2 Change in maternal pre pregnancy body mass index category from first to second pregnancy. Figure shows change in pre
pregnancy BMI category e.g., 11.6% of women with a healthy pre pregnancy BMI at 1st parity shift to the overweight category by the second

pregnancy.

compared to those who had a stable interpregnancy weight
(10.9%), also shown in our previous study [23]. Longitudinal birth
registry data from Canada (n = 81,226) found that when predict-
ing overweight/obesity at 4-6 years, the adjusted attributable risk
for LGA was 39.4% [33]. Indeed, a systematic review that examined
risk factors for childhood obesity in the first 1000 days concluded
that regardless of exposure definition, higher birth weight and
later childhood overweight were consistently linked [34]. Certainly,
pre-pregnancy weight, GWG, interpregnancy weight gain, LGA
and childhood obesity all appear to be inextricably linked
[2, 3, 17-19, 34, 35]. Cnattingius et al. [36] labelled the
transmission of a mother’s birth weight to maternal obesity and
a subsequent LGA infant a “vicious circle across generations”,
calling for a focus on prevention of LGA births to curtail the
intergenerational cycle of obesity. This is reflected in the WHO
report “Ending Childhood Obesity”, which has embedded
preconception and pregnancy care as one of six key areas for
action [37].

The analysis showed that a short (<1 year) interpregnancy time
interval is independently associated with childhood weight status at
age 2 in the multivariate model, which to our knowledge, is a novel
finding. A recent systematic review of >46 million pregnancies
determined that an interpregnancy interval of between 18 and
23 months may be associated with potential benefits for both
mothers and infants, with shorter and longer intervals being
associated with adverse perinatal outcomes [38]. A separate
systematic review [39] reported that longer but not shorter
interpregnancy intervals were positively associated with adiposity in
second or higher order children [39]. Investigating risk related to
interpregnancy time interval can be difficult due to confounding
factors (e.g., age, socioeconomic status, or reproductive history) [40].
The potential mechanism by which a short interpregnancy interval
may be independently associated with childhood overweight/obesity
is unclear and requires further investigation. This may be related to
retained postpartum weight from the first pregnancy/GWG, or
breastfeeding, however these aspects were controlled for in the
multivariate model. Additionally, it could be related to unknown
socioeconomic or environmental factors associated with having two
young offspring very close in age that potentially effects dietary
intake, physical activity, or sleep patterns, however, this is speculative.

The finding that a shorter duration of exclusive breastfeeding
was independently associated with increased likelihood of

SPRINGER NATURE

childhood overweight or obesity, compared to 6 months exclusive
breastfeeding supports the knowledge that breastfeeding is
protective against childhood overweight and obesity [41], even
when controlling for confounding by socioeconomic status [41].
Overall, 8.8% (n=2921) of second infants were breastfed
exclusively at 6 months, compared to 6.6% (n=2184) of first
infants. A systematic review, which focused specifically on
breastfeeding and the risk of overweight with an emphasis on
sibling pair studies [42] found moderate evidence that ever,
compared with never, consuming human milk is associated with a
lower risk of overweight and obesity at >2 years, particularly if the
duration of human milk consumption is >6 months. Due to the
number of variables when collecting data on breastfeeding, it was
necessary to condense information into four categories for our
analysis. This may limit the applicability of the findings as the
categories are defined by exclusive breastfeeding at arbitrary
timepoints. In addition, the dataset did not include information on
timing of introduction of solid food, which affects the definition of
exclusive breastfeeding.

Children of non-European origin were more likely to be in the
overweight/obesity category at the age of two years, compared to
those of European origin. This trend has previously been reported
in other countries [43, 44]. We have not explored the ethnic origin
differences in detail, as the aim of this manuscript was to focus
moreso on potential modifiable factors associated with childhood
weight status. Although many socioeconomic factors were
controlled for, the observed ethnic differences may be affected
by unmeasured residual confounding. Potentially those of African
and other non-European ethnicity may have had higher rates of
refugee status, with downstream effects on childhood obesity due
to food insecurity, difficulty accessing healthcare, and intergenera-
tional trauma [45].

Strengths and limitations

The strengths of this research are the use of a large, well-
characterised dataset from routinely collected data, ensuring wide
population coverage that is representative of the Flanders region.
Standardised objective data collection methods were used, plus
the use of international standardised weight status cut-offs
[27, 28]. The analysis considered multiple potentially confounding
variables. Unfortunately, a small amount of relevant data was
incomplete or unavailable (i.e, smoking and diabetes in

International Journal of Obesity
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