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CHAPTER 7

MATERNAL 
PREPREGNANCY BMI, 

EARLY POSTNATAL GROWTH 
AND OFFSPRING’S 

METABOLIC PROFILE 
IN CHILDHOOD



ABSTRACT
Context: Maternal prepregnancy body mass index (pBMI) and offspring’s 
accelerated postnatal growth have adverse consequences for later 
cardiometabolic health, but it is unknown how these two factors interact. 

Objective: To assess the association between maternal pBMI and offspring’s 
metabolic profile at age 5-6 years and determine the role (independent/
mediating/moderating) of offspring’s postnatal growth in this association.

Design/Participants: 1459 mother-child pairs from the prospective ABCD-study 
with known maternal pBMI, offspring’s postnatal growth (weight and weight-
for-length gain) between age 1-3 months (∆ SDS-score).

Main outcome measures: Offspring’s metabolic components at age 5-6 years: 
waist-to-height-ratio (WHtR), systolic/diastolic blood pressure (SBP/DBP), 
fasting glucose, triglyceride and HDL-cholesterol values, analysed individually 
(z-scores) and combined (sum z-scores; metabolic score).

Results: Maternal pBMI was positively associated with offspring’s WHtR 
(β=0.025; 95%CI:0.010-0.039), SBP (β=0.020; 95%CI:0.005-0.0035), DBP 
(β=0.016; 95%CI:0.000-0.031) and metabolic score (β=0.078; 95%CI:0.039-0.118) 
after adjusting. Adding postnatal growth had no relevant impact on these effect 
sizes. Postnatal weight gain was independently associated with WHtR (β=0.199; 
95%CI:0.097-0.300), fasting glucose values (β=0.117; 95%CI:0.008-0.227) and 
metabolic score (β=0.405; 95%CI:0.128-0.682); weight-for-length gain with WHtR 
(β=0.145; 95%CI:0.080-0.211) and metabolic score (β=0.301; 95%CI:0.125-0.477). 
An interaction between maternal pBMI and postnatal weight gain was present in 
the association with SBP (p=0.021) and metabolic score (p=0.047), and between 
maternal pBMI and postnatal weight-for-length gain in the association with 
triglycerides (p=0.022) and metabolic score (p=0.042).

Conclusions: Both high maternal pBMI and postnatal accelerated growth are 
associated with adverse metabolic components in early childhood. No evidence 
was found for a mediating role of postnatal growth, the combination of high 
maternal pBMI and postnatal accelerated growth amplified individual effects. 
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INTRODUCTION
In the USA, over 50% of women of reproductive age are overweight or obese. This has 
consequences not only for the health of these women and their pregnancies, but also 
for the health of their offspring later in life. Animal and epidemiological studies have 
shown that environmental factors acting both in utero as well as in early postnatal 
life can program the child for adverse metabolic outcomes.1-3 For example, in a large 
population it was shown that maternal obesity is associated with all-cause mortality 
and increased risk of cardiovascular events in offspring aged 34-61 years.4 These 
effects could be due to prenatal programming of metabolism and the cardiovascular 
system resulting in higher levels of obesity,2,5,6 insulin resistance,5,6 blood pressure6,7 
and an adverse lipid profile.6,8

Besides the prenatal period, the early postnatal period also has the potential to 
program increased adverse metabolic outcomes. Increased postnatal growth is 
associated with BMI,9 hypertension10 and insulin resistance11 in later life. One of the 
periods in which postnatal growth has detrimental impact on adverse metabolic 
outcomes in children is the first 3 months of life.12 In most studies, postnatal growth is 
mainly based on weight gain alone. However, weight-for-length gain could be more 
interesting, since this measure reflects adiposity better than weight gain alone,13 and 
could be more informative regarding future metabolic outcomes.14

Because the effects of the combination of maternal prepregnancy body mass index 
(pBMI) and postnatal growth on metabolic outcomes have not yet been combined 
into one study, previous studies were unable to separate prenatal from postnatal 
influences of maternal obesity. This is important as maternal pBMI can influence 
postnatal growth by changing the endocrine function of adipocytes during the 
prenatal period with subsequent effects on postnatal growth due to disturbed 
glucose metabolism.15 Moreover, obese mothers are less likely to start breastfeeding 
and introduce solid foods earlier, both known to influence postnatal growth.16 
Therefore, it is important to study maternal pBMI and postnatal growth combined, 
to determine whether both periods are independently associated with offspring’s 
metabolic profile or if postnatal growth mediates or moderates the association of 
maternal pBMI and offspring’s metabolic profile. 

The present study used data from a large Dutch prospective birth cohort to examine 
the association of maternal pBMI and early postnatal growth with different metabolic 
components in children at age 5-6 years. We hypothesized that higher maternal pBMI 
is associated with adverse metabolic components in early childhood. Moreover, we 
hypothesized that postnatal growth, specifically accelerated growth in weight-for-
length, aggravates this effect.
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Methods

Study population

The present study is part of the Amsterdam Born Children and their Development 
(ABCD) study, a population-based, prospective, longitudinal birth cohort with the 
main goal to examine and determine factors in early life that might explain the later 
health of the child, and differences in health between children (www.abcd-study.nl). 
The design of the study has been described previously.17 

In short: between January 2003 and March 2004 12373 pregnant women in 
Amsterdam were approached at their first antenatal visit to an obstetric caregiver 
(median 13 weeks; IQR=12-14 weeks) and 8266 (67%) women filled out the pregnancy 
questionnaire (phase 1). Follow-up covered a questionnaire around 3 months after 
birth and the follow-up of growth from the Youth Health Care (YHC) centres (phase 
2). In 2008 the third phase of the study started with retrieving the addresses of 6161 
mothers from the YHC and sending them a questionnaire, including an informed 
consent form for the health check, which was returned by 4488 (73%) of the 
participants. 3321 children aged 5-6 years (2008–2010; mean age: 5.7±0.5 years) 
participated in the health check and, in a subsample of 2003 children, blood samples 
were drawn (phase 3). Multiple births were excluded preceding the third phase. We 
included only children of whom growth data were available (n=1636) and who had 
valid values for the metabolic components. Children with congenital anomalies, non-
fasting blood samples and children born from mothers with diabetes were excluded. 

The final sample for this study consisted of 1459 children (Figure 1). The present study 
was conducted according to the guidelines laid down in the Declaration of Helsinki, 
and all procedures involving human subjects were approved by the review boards 
of all Amsterdam hospitals and the Registration Committee of Amsterdam. Written 
informed consent was obtained from all subjects. 

Prepregnancy BMI

Prepregnancy BMI was based on height and weight as reported in the pregnancy 
questionnaire. Missing values were imputed for maternal height (1.9% missing) 
and prepregnancy weight (7.7% missing) by a random imputation procedure using 
linear regression analysis and other variables known to be associated with maternal 
height and weight.18 Maternal pBMI was used continuously as well as dichotomously: 
no overweight <25 kg/m2 or overweight/obese ≥ 25 kg/m2. 
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Postnatal growth

Growth data were obtained from the YHC of the Public Health Service in Amsterdam. 
Following a standard procedure, trained nurses measured weight and height 
between birth and age 4 years (length was first measured 1 month after birth). 
The measurements were standardized using internal sex-specific z-scores to allow 
comparisons across ages.19 For this study we used standard deviation scores (SDS) 
for weight and weight-for-length between age 1 month (range: 2-6 weeks) and 3 
months (range: 8-16 weeks). If multiple measurements were available during these 
periods, the mean was calculated. Accelerated growth was defined as a gain of 
≥0.67 SDS.20

Outcome measurements

The outcome variables measured at age 5-6 years were: waist-height-ratio (WHtR), 
systolic and diastolic blood pressure (SBP/DBP), fasting plasma glucose, fasting high-
density lipoprotein cholesterol (HDL) and fasting triglycerides (TG). Waist circumference 
was measured midway between the costal border and the iliac crest to the nearest 
millimetre using a Seca measuring tape. Height was measured to the nearest millimetre 

Figure 1. Flowchart of the study population
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using a Leicester portable height measure (Seca). Blood pressure was measured twice 
on the right arm in sitting position with the arm supported at heart level, with an Omron 
705 IT (Omron Heathcare Inc, Bannockburn, IL, USA) with appropriate cuff size (arm 
circumference 17-22 cm) after a 10-min rest period to relax the child and mean SBP and 
DBP were calculated. Capillary blood was taken by finger prick collected in a validated 
kit developed for ambulatory purposes (LabAnywhere, Haarlem, the Netherlands).21

Definitions

We used standardized measures (z-scores) for the individual components of the 
metabolic profile (WHtR, SBP, DBP, fasting glucose, TG and HDL).22 Since no formal 
definition for the diagnosis of the metabolic syndrome in children under 10 years 
exists,23 we used our own continuous measure, the metabolic score; which was 
calculated by adding all z-scores of the individual components (HDL inverse) 
together. DBP was not included because this would result in a metabolic score 
unevenly influenced by childhood blood pressure. More important, SBP is known to 
be a better predictor of hypertension and an adverse metabolic profile in later life.24

Covariates

Maternal age (years; continuous), ethnicity, education level and smoking were 
available from the pregnancy questionnaire. Ethnicity (Dutch, Turkish, Moroccan, 
other Western and other non-Western) was defined by the country of birth of the 
mother of the pregnant woman. Years of education after primary school (continuous) 
were considered as proxy for socioeconomic status. Smoking during pregnancy was 
dichotomized (yes/no). Information on hypertension (no/pre-existent/pregnancy-
induced, based on International Society for the Study of Hypertension in Pregnancy 
guidelines (www.isshp.com)), was available by combining data from the pregnancy 
questionnaire and The Netherlands Perinatal Registry (PRN). Parity (primiparous/
multiparous), gestational age, birth weight and sex of the child were available from the 
PRN and YHC. Gestational age was based on ultrasound by the obstetric care provider 
or, when unavailable (<10%), on the first day of the last menstrual period. Duration 
of exclusive breastfeeding (no breastfeeding, <1 month, 1-3 months, >3 months) was 
available from the infancy questionnaire completed with YHC and 5-year questionnaire. 
Screen time (computer and television) hours per day (continuous) was obtained from 
the 5-year questionnaire and a validated food frequency questionnaire25 was used to 
calculate child’s energy intake in kilocalories (kcal, continuous). Height of the child at 
age 5-6 years was measured during the health check and the exact age at that time 
was calculated. 
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Data analysis

Differences in maternal pBMI and offspring’s postnatal growth 1-3 months for 
different baseline characteristics were examined with χ2-tests (categorical data) 
or one-way ANOVA (continuous data). Metabolic components were analysed as 
z-scores to make comparisons possible. 

Linear regression was used to examine the association between maternal pBMI and 
z-scores of the metabolic components, baseline models were adjusted for age at 
the time of the health check and sex (model 1). In model 2, maternal and offspring’s 
characteristics were added to control for possible confounders: maternal age, 
education level, ethnicity, parity, hypertension and smoking during pregnancy, birth 
weight, gestational age, duration of exclusive breastfeeding, screen time hours per day 
and energy intake per day (kcal) at 5 years. Subsequently, postnatal growth was added 
to determine the association between postnatal growth and metabolic components 
and, at the same time, to test whether postnatal growth mediates the association 
between maternal pBMI and metabolic components. Finally, the interaction between 
maternal pBMI and postnatal growth was added to test if postnatal growth was an 
effect modifier in the association between maternal pBMI and metabolic components. 
Since SBP and DBP are associated with height, all models including these outcome 
variables were additionally adjusted for height. Possible sex-specific effects were tested 
by adding the interaction between sex and maternal pBMI and/or postnatal growth in 
our model.

To provide an adequate fit, all models were tested for possible non-linearity. Restricted 
cubic splines were used in the regression analysis to examine and characterize 
an association that is suspected to be non-linear by using higher order piecewise 
polynomials to accommodate potential changes in the direction of the associations 
across the exposure distribution.26 Because the results for all given models indicated 
that a linear model provided an adequate fit (likelihood ratio test p-value>0.05), we 
report the results from the linear model. 

Finally, we undertook a sensitivity analysis in which we restricted our analyses only 
to those mother-child pairs with Dutch ethnicity to diminish residual confounding by 
ethnicity.

Statistical analyses were conducted using SPSS 20 and R.15.1. A p-value <0.05 was 
regarded as statistically significant.
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Results 
The children were evaluated at an average age of 5.6 years; they were predominantly 
of Dutch origin (79%) and 47% were girls. Of the mothers, 14.7% had overweight 
and 4.7% had obesity. Accelerated weight gain was present in 9% of the children 
and accelerated weight-for-length gain in 24%. Compared with children who were 
approached for the 5-year measurements but were not included (n=4478; due to 
non-response, no fasting blood sample, no data on postnatal growth or outcome 
variables; Figure 1), the current subgroup of children (n=1459) were more frequently 
of Dutch origin, had higher birth weight, higher gestational age, and older and 
higher educated mothers (Supplementary Table S1). 

Table 1 presents the mean maternal pBMI and postnatal weight and weight-for-
length gain for different baseline characteristics. Higher maternal pBMI and higher 
postnatal growth were mostly observed among women with lower education, of 
non-Dutch descent, and in women with hypertensive disorders during pregnancy. 
Women with high pBMI had children with higher birth weight, while children born 
with lower birth weight had higher postnatal growth. Higher postnatal growth was 
also observed in children with shorter duration of breastfeeding. Children spending 
more than 2 hours per day behind a screen and with higher energy intake at age 5-6 
years had experienced higher postnatal weight gain. 

The results of the linear regression analyses assessing the association between 
maternal pBMI, postnatal weight and weight-for-length gain and the metabolic 
components are presented in Table 2. In unadjusted models (model 1) we found 
independent associations between maternal pBMI and several metabolic 
components and the metabolic score of the offspring. In adjusted models for 
maternal and offspring’s characteristics (model 2), there was little change in the 
effect sizes. Adding postnatal weight gain to the model (model 3) or postnatal 
weight-for-length gain (model 4) did not change the association between maternal 
pBMI and the metabolic components/score, indicating no mediating role of postnatal 
weight or weight-for-length gain. When testing for interaction between maternal 
pBMI and postnatal weight gain in the association between maternal pBMI and the 
metabolic components/score (model 3), we found a significant interaction term in 
the association with SBP (p=0.021) and the metabolic score (p=0.047). The highest 
SBP and metabolic scores were found for children of mothers with overweight/
obesity who had accelerated postnatal weight gain compared to the other groups 
(Figure 2). When testing for interaction between maternal pBMI and postnatal 
weight-for-length gain in the association between maternal pBMI and the metabolic 
components (model 4), we found a significant interaction term in the association 
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with TG (p=0.022) and the metabolic score (p=0.042). Offspring of mothers with 
overweight/obesity who had accelerated weight-for-length gain had much higher 
TG values and metabolic score than all other children (Figure 2). We found no sex-
specific effects in the associations presented (all p>0.1).

When analysing the Dutch group (n=1046) separately, we found in essence the same 
results, except for weight-for-length gain which was more strongly associated with 
offspring’s glucose values (β=0.094; 95%CI:0.016-0.172) in the Dutch population than 
in the multi-ethnic population (β=0.062; 95%CI:-0.009-0.137).

Figure 2. Interaction maternal pBMI and postnatal accelerated growth

Mean values of SBP (a), TG (c) and metabolic score (b+d) for the different groups according to 
maternal pBMI [normal or high (=overweight/obese)] and weight gain (a+b) and weight-for-length 
gain (c+d) (no accelerated or accelerated growth).  
pBMI = prepregnancy body mass index; SBP = systolic blood pressure; TG = triglycerides.
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Maternal 
pBMI (kg/m2)

Offspring’s postnatal 
weight gain 

Offspring’s postnatal 
weight-for-length gain

N % Mean SD Mean SD Mean SD

Maternal characteristics

Maternal age (years)

<25 72 5% 23.1 4.2 0.11* 0.7 0.26 0.9

25-34.9 (ref) 943 65% 22.7 3.6 -0.06 0.6 0.20 0.8

≥  35 444 30% 23.1 3.5 -0.11 0.5 0.13 0.8

Maternal pBMI (kg/m2)

<25 (ref) 1177 81% 21.5 1.9 -0.07 0.6 0.17 0.8

25-29.9 214 15% 26.9* 1.3 -0.05 0.5 0.25 0.7

≥  30 68 5% 33.8* 3.6 -0.09 0.6 0.13 0.7

Maternal education (years)

<5 115 8% 24.1* 4.2 0.07* 0.6 0.31 0.8

5-9 388 27% 23.7* 4.2 0.01* 0.6 0.23 0.8

≥  10 (ref) 950 65% 22.3 3.1 -0.11 0.5 0.14 0.8

parity

Primiparous (ref) 809 55% 22.6 3.4 0.00 0.6 0.25 0.8

Multiparous 650 45% 23.2* 3.8 -0.15* 0.5 0.10* 0.8

Maternal ethnicity

Dutch (ref) 1152 79% 22.6 3.3 -0.10 0.5 0.15 0.8

Turkish 59 4% 23.6 3.9 0.28* 0.7 0.31 0.9

Moroccan 25 2% 25.4* 4.7 0.09* 0.6 0.31 0.8

Other non-Western 130 9% 23.5 4.5 0.07* 0.6 0.31 0.8

Other Western 93 6% 22.2 3.1 -0.02 0.5 0.24 0.8

Smoking during pregnancy

No (ref) 1342 92% 22.8 3.6 -0.07 0.6 0.19 0.8

Yes 117 8% 22.9 3.6 0.02 0.6 0.13 0.8

Hypertension

No (ref) 1292 89% 22.7 3.5 -0.09 0.6 0.15 0.8

Pregnancy induced 125 9% 23.8* 3.6 0.08* 0.6 0.39* 0.9

Pre-existent 42 3% 25.4* 4.7 0.19* 0.6 0.48* 0.7

Child’s characteristics

Birth weight (g)

<2500 25 2% 24.1 5.3 0.60* 0.7 0.79* 0.9

2500-3000 166 11% 21.9 2.7 0.29* 0.6 0.45* 0.9

3000-3999 (ref) 1003 69% 22.7 3.6 -0.08 0.5 0.17 0.8

≥4000 261 18% 23.8* 3.7 -0.31* 0.5 0.02* 0.7

Table 1. Maternal and child characteristics and their association with maternal pBMI and 
postnatal growth
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Maternal 
pBMI (kg/m2)

Offspring’s postnatal 
weight gain 

Offspring’s postnatal 
weight-for-length gain

N % Mean SD Mean SD Mean SD

Gestational age (weeks)

<37 52 4% 22.6 3.1 0.66* 0.6 0.80* 0.9

37-41 (ref) 987 68% 22.8 3.5 -0.03 0.5 0.19 0.8

≥41 413 28% 23.0 4.0 -0.23* 0.5 0.08* 0.8

Sex

Boy 770 53% 22.8 3.6 -0.05 0.6 0.21 0.8

Girl 689 47% 22.9 3.6 -0.08 0.6 0.15 0.8

Duration of exclusive breastfeeding

None 246 17% 23.1 4.0 0.02* 0.6 0.22 0.8

< 1  month 98 7% 23.2 3.8 0.22* 0.6 0.42* 0.7

1-3 months 371 25% 22.6 3.4 -0.07 0.6 0.20 0.8

> 3 months (ref) 741 51% 22.8 3.6 -0.13 0.5 0.13 0.8

Screentime

>2 hours 250 17% 23.8* 4.1 0.06* 0.6 0.27 0.8

1-2 hours 654 45% 23.0* 3.9 -0.08 0.6 0.18 0.8

<1 hour (ref) 555 38% 22.2 2.8 -0.10 0.5 0.14 0.7

Energy intake a

Low 173 13% 23.0 3.7 -0.15 0.6 0.15 0.8

Normal (ref) 1012 75% 22.7 3.5 -0.08 0.5 0.19 0.8

High 159 12% 23.0 3.7 0.04* 0.6 0.15 0.7

Postnatal growth

Weight

Decelerated (<-0.67) 174 12% 23.2 3.9 -0.94* 0.2 -0.54* 0.6

Normal (-0.67-0.67) (ref) 1150 79% 22.8 3.5 -0.06 0.3 0.18 0.7

Accelerated (>0.67) 135 9% 23.0 3.8 1.01* 0.3 1.15* 0.8

Weight-for-length

Decelerated (<-0.67) 186 13% 22.8 4.0 -0.32* 0.6 0.94* 0.8

Normal (-0.67-0.67) (ref) 921 63% 22.9 3.6 -0.07 0.5 0.17 0.7

Accelerated (>0.67) 352 24% 22.8 3.4 0.27* 0.6 -0.54* 0.8

* p <0.05; pBMI=prepregnancy body mass index; SD=standard deviation
a) Categorical classification of energy intake was based on sex and defined as follows: low intake < 

mean-1SD, normal intake ≥  mean-1SD and ≤  mean+1SD and high intake > mean+1SD (mean (SD) boys: 
1594 (350); girls: 1468 (317)).

Table 1 - Continued
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Prepregnancy BMI (kg/m2) Offspring’s postnatal  
weight gain

Offspring’s postnatal 
weight-for-length gain

b 95% CI b 95% CI b 95% CI

Z-score WHtR

Model 1 a 0.039 0.025 - 0.053*

Model 2 b 0.025 0.010 - 0.039*

Model 3 c 0.024 0.009 - 0.038* 0.199 0.097 - 0.300*

Model 4 d 0.024 0.010 - 0.039* 0.145 0.080 - 0.211*

Z-score SBP

Model 1 0.019 0.006 - 0.033*

Model 2 0.020 0.005 - 0.035*

Model 3 0.020 0.005 - 0.035* -0.039# -0.146 - 0.068

Model 4 0.020 0.005 - 0.035* -0.033 -0.101 - 0.035

Z-score DBP

Model 1 0.020 0.006 - 0.034*

Model 2 0.016 0.000 - 0.031*

Model 3 0.016 0.000 - 0.031* -0.056 -0.166 - 0.054

Model 4 0.016 0.000 - 0.031* -0.013 -0.082 - 0.057

Z-score Glucose

Model 1 0.006 -0.008 - 0.020

Model 2 0.005 -0.011 - 0.021

Model 3 0.005 -0.011 - 0.020 0.117 0.008 - 0.227*

Model 4 0.005 -0.011 - 0.021 0.062 -0.009 - 0.133

Z-score TG

Model 1 0.007 -0.007 - 0.021

Model 2 0.009 -0.007 - 0.024

Model 3 0.009 -0.007 - 0.025 0.008 -0.100 - 0.116

Model 4 0.009 -0.007 - 0.024 0.060# -0.009 - 0.130

Z-score HDL

Model 1 -0.015 -0.029 - -0.001*

Model 2 -0.016 -0.031 - 0.000

Model 3 -0.016 -0.031 - 0.000 -0.023 -0.132 - 0.086

Model 4 -0.016 -0.031 - 0.000 -0.041 -0.112 - 0.029

Table 2. Linear regression: association between maternal prepregnancy BMI (continuous), 
postnatal growth weight and weight-for-length gain 1-3 months (continuous) and z-scores 
of children’s metabolic components (continuous) (N=1459).
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Prepregnancy BMI (kg/m2) Offspring’s postnatal  
weight gain

Offspring’s postnatal 
weight-for-length gain

b 95% CI b 95% CI b 95% CI

Metabolic score

Model 1 0.088 0.053 - 0.124*

Model 2 0.079 0.039 - 0.118*

Model 3 0.077 0.038 - 0.117* 0.405# 0.128 - 0.682*

Model 4 0.078 0.039 - 0.118* 0.301# 0.125 - 0.477*

Table 2 - Continued

* p <0.05
# p <0.05 for interaction maternal prepregnancy BMI*postnatal weight gain or interaction maternal 

prepregnancy BMI*postnatal weight-for-length gain.
a) Model 1 is adjusted for sex of the child and age at health check (and height of child at age 5 years 

for SBP/DBP/Metabolic score). 
b) Model 2 is adjusted for all covariates in model 1 and maternal age, height, education level, ethnicity, 

parity, hypertension during pregnancy, smoking during pregnancy, birth weight, gestational age, 
duration of exclusive breastfeeding, screen time per day (TV, computer games, etc.) and energy 
intake per day (kcal). 

c) Model 3 is adjusted for all covariates in model 2 and postnatal weight gain. 
d) Model 4 is adjusted for all covariates in model 2 and postnatal weight-for-length gain.

BMI=body mass index; WHtR=waist-height ratio; SBP=systolic blood pressure; DBP=diastolic blood 
pressure; TG=triglycerides; HDL= high-density lipoprotein

Discussion 

Summary of findings

This study explored the association between maternal pBMI, early postnatal growth 
and offspring’s metabolic components, both individually and combined. It is shown 
that increased maternal pBMI and early postnatal growth are both independently 
associated with offspring’s metabolic components at age 5-6 years. In contrast to 
our expectations, we found stronger associations with most metabolic components 
for weight gain than for weight-for-length gain. We extend previous research by 
showing that there is no evidence for a mediating role of early postnatal growth in the 
association between maternal pBMI and the metabolic components. Moreover, we 
demonstrate that the combination of high maternal pBMI and postnatal accelerated 
growth amplify both of these individual effects. 
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Associations with maternal pBMI

Few studies have examined the associations of maternal pBMI with all individual 
and combined measures of the metabolic components in childhood. In studies 
investigating individual components maternal obesity has been linked to increased 
obesity,2,5,6 insulin resistance,5,6 blood pressure6,7 and an adverse lipid profile6,8 in the 
offspring. We confirmed these earlier found associations with body size and blood 
pressure and, in addition we are the first study to assess the association between 
maternal pBMI and an increased overall metabolic score. However we were unable 
to show associations with fasting glucose and TG. These adverse outcomes might 
arise at a later age, since the age of offspring in our study is young compared with 
other studies.

Associations with postnatal growth

Except for Corvalan et al.27 few studies examined the association of postnatal growth 
with all individual metabolic components and a combined measure in childhood. In 
studies with individual adverse components early postnatal growth was associated 
with BMI,9,20 SBP10 and insulin resistance11 in childhood. In this study we also observed 
associations between postnatal growth with WHtR and the metabolic score at age 
5-6 years, moreover we showed that accelerated weight gain between 1-3 months 
increased glucose levels in childhood. Although we hypothesized that we would find 
more effects for postnatal weight-for-length gain than for weight gain, being a better 
measure for adiposity,13 we only found an association between postnatal weight 
gain and childhood glucose values. The effect for weight-for-length gain might be 
weakened because weight gain is usually attended by length gain. When analysing 
the Dutch group (n=1046) separately, we found in essence the same results, except 
for weight-for-length gain which was more strongly associated with offspring’s 
glucose values in the Dutch population than in the multi-ethnic population. This 
indicates that our results are robust, but heterogeneity might be introduced by using 
our multi-ethnic population resulting in residual confounding. We favoured the use 
of our multi-ethnic population over our homogeneous Dutch population for the 
generalizability of our study results.

Mediating and moderating role of postnatal growth

Our analyses suggest that postnatal growth does not mediate the association 
between maternal pBMI and the metabolic components, because no association was 
found between maternal pBMI and postnatal weight or weight-for-length gain in this 
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early period. Nonetheless, this is the first study to show that accelerated postnatal 
weight gain aggravated the association between maternal pBMI and offspring’s 
SBP and metabolic score, and that postnatal weight-for-length gain aggravated the 
association between maternal pBMI and offspring’s TG and metabolic score. 

Underlying mechanisms

Different pathways may underlie the associations between maternal pBMI, postnatal 
growth and the metabolic components. First shared genetic and environmental 
factors could influence our results. We were unable to control for shared genetic 
background since we lack information on genetic profile of the children and their 
parents. However we controlled for environmental factors in utero and offspring’s 
present environment by taking maternal socioeconomic status, ethnicity, smoking 
status and offspring’s screen time hours and energy intake per day into account, still 
we cannot rule out residual confounding.

Second epigenetic modifications can be important mediators between maternal 
overweight/obesity and long-term offspring outcomes28 and can be caused by 
exposure to intra-uterine or postnatal overnutrition.3 Overnutrition might modify 
the endocrine function through changes in adipose tissue resulting in disturbances 
in the insulin signalling pathway.15 Moreover it can cause changes in the arcuate 
nucleus of the hypothalamus, an important structure related to the regulation of 
energy homeostasis and appetite control.29 This can result in overeating and obesity 
later in life.30 Adjusting for energy intake in our analyses could therefore have 
underestimated the true size of our associations, as appetite control regulating the 
energy intake of the child could be modified pre- or postnatal. 

Animal studies have also shown that exposure to maternal overnutrition in utero and 
lactation exacerbates the effect of postnatal overnutrition alone.31-33 The underlying 
mechanisms are still under study but the roots may lie in the adipocyte. Both the 
number and size of adipocytes are affected by overnutrition and adipocyte function 
is changed by differences in gene expression.32 Adipocyte dysfunction leads to 
inflammation and oxidative stress, resulting in the deterioration of the pancreatic 
β-cell function and insulin resistance.33 It seems that maternal overnutrition can 
program gene expression profiles resulting in altered metabolic response to 
postnatal overnutrition.33

Finally, breastfeeding could be an important factor contributing to the combined 
effect of maternal overweight/obesity and accelerated postnatal growth. Women 
with a higher BMI are less likely to breastfeed their children16 and breastfed 
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children grow slower than formula-fed peers.34 Therefore, children of mothers with 
overweight/obesity could grow faster, because of the lack of exclusive breastfeeding. 
On the other hand, there are also indications that the composition of breasfeeding 
differs between women with normal weight and women with overweight/obesity, 
affecting offspring’s postnatal growth. A rodent cross-fostering study showed that 
pups suckled by obese dams had an increased risk of overweight later in life.35 
Nevertheless, in the present study, adjusting for breastfeeding did not change our 
results, what could be explained by our early postnatal period, since the largest 
differences in growth between breastfed and formula-fed children were observed in 
the period between 3-6 months.36 

Strengths and limitations

The major strengths of the present study are the ability to combine both the 
impact of maternal pBMI and postnatal growth in a multi-ethnic cohort with a 
large sample size, serial measurements of postnatal growth, and biometric data 
collected by standardized protocols. Moreover, the availability of lifestyle factors 
during pregnancy and characteristics of the offspring allowed us to control for these 
important factors. However, we lack information on paternal BMI, which would 
have provided more information on the genetic and environmental factors a child 
is exposed to, nonetheless a recent study in a comparable cohort showed stronger 
associations with maternal than with paternal prepregnancy BMI.6 Also the lacking 
of information on gestational weight gain during pregnancy, known to be associated 
with offspring’s cardiovascular risk factors independent of maternal pBMI,8 could 
overestimate the true association.

The study has some additional limitations: although we took care to prevent attrition, 
selection bias was observed. Our study population was less ethnically diverse and 
the mothers were more highly educated (a proxy for socioeconomic status), but no 
differences in maternal pBMI were observed. Since we know that Dutch children and 
children of high educated women have a healthier metabolic profile than non-Dutch 
children and children of low educated women in our cohort,37-39 we assume that 
this study could have underestimated the effect of pBMI on offspring’s metabolic 
outcomes.  Finally, maternal pBMI was self-reported in questionnaires; because 
women tend to overestimate their height and underestimate their weight, this could 
result in an underestimation of BMI.40 However, since we used BMI as a continuous 
variable in the present study, this has little effect.40 Moreover Gaillard et al. found 
that maternal self-reported prepregnancy weight and the woman’s measured weight 
at the first antenatal clinic were highly correlated.6 
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Implications

This study shows that both maternal pBMI and early growth can independently 
program the child for adverse metabolic outcomes. This results in two time periods 
in which prevention of adverse metabolic outcomes can be started. The first is the 
preconception period; weight loss prior to pregnancy in women with overweight/
obesity should be promoted at this time. The second time period for possible 
intervention is during the 1-3 months after birth. During this period it is important 
that excessive postnatal growth, especially in children of women with overweight/
obesity, is prevented by promoting exclusive breastfeeding.36 

Conclusion

The present study shows an independent positive association of maternal pBMI 
and offspring’s early postnatal growth on metabolic components at age 5-6 years. 
Although we found no evidence for a mediating role of postnatal growth, the 
combination of high maternal pBMI and postnatal accelerated growth, amplified 
both these individual effects. 
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Response (n=1459) Non-response (n=4478)  

N / mean % / SD N / mean % / SD  

Maternal characteristics

Maternal age (years) 32.4 4.3 30.5 5.3 P<0.001

Maternal BMI (kg/m2) 22.8 3.6 23.0 4.0

Maternal education  
(years after primary school) 10.1 3.5 8.8 4.0 P<0.001

Parity

Primiparous (ref) 809 55% 2510 56%  

Multiparous 650 45% 1968 44%  

Ethnicity

Dutch (ref) 1152 79% 2877 64% P<0.001

Turkish 25 4% 236 5% P<0.001

Moroccan 59 2% 394 9%  

Other non-Western 130 9% 754 17%  

Other Western 93 6% 208 5%  

Smoking during pregnancy

No (ref) 1342 92% 4016 90% P<0.05 

Yes 117 8% 460 10%  

Hypertension 

No (ref) 1292 89% 3926 88%  

Pregnancy induced 125 9% 397 9%  

Pre-existent 42 3% 155 3%  

Child’s characteristics          

Birth weight (g) 3540 503 3424 560 P<0.001

Gestational age (weeks) 40.0 1.4 39.8 1.8 P<0.001

Sex

Boy 770 53% 2184 49% P<0.01 

Girl 689 47% 2294 51%  

Supplementary Table 1. Non-response analysis (N=5937)
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