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Abstract

Introduction: Maternal obesity and excessive gestational weight gain are related to adverse
outcomes in women and children. Lifestyle interventions during pregnancy showed positive
effects on decreasing weight gain during pregnancy, but effects on offspring’s health and
wellbeing are unclear. We aimed to assess the effect of lifestyle intervention programmes on
offspring mental health, temperament, eating habits and anthropometric and cardiovascular
measures. Methods: Ninety-six offspring of pregnant women with a body mass index (BMI)
>29 kg/m? who were randomly assigned to 3 intervention groups during pregnancy (routine
antenatal care, a brochure group or a prenatal session group) and 77 offspring of pregnant
women with a normal BMI (between 18.5 and 24.9 kg/m?) were used as an additional control
group in this analysis. When the children were between 3 and 7 years old, anthropometric and
cardiovascular measurements were conducted and various questionnaires about offspring
mental health, temperament and eating habits were filled out. Results: Children of mothers
who received a brochure-based lifestyle intervention programme showed significantly less
surgency/extraversion compared to children of mothers who received routine antenatal care
(contrast estimate = —-0.36, SE = 0.15, p = 0.02, 95% Cl [-6.66, —0.06]) and prenatal lifestyle
intervention sessions (contrast estimate = —0.46, SE = 0.14, p < 0.01, 95% Cl [-0.74, —-0.18]) af-
ter adjusting for child’s age, sex, offspring birth weight and mother’s educational level. The
lifestyle intervention could not be associated with any significant differences in offspring
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mental health, eating habits and anthropometric and cardiovascular characteristics. Children
of mothers with a normal BMI showed less emotional problems (F(1, 156) = 5.42, p = 0.02) and
internalizing (F(1, 156) = 3.04, p = 0.08) and externalizing problems (F(1, 156) = 6.10, p = 0.02)
when compared to children of mothers in the obese group. Discussion/Conclusion: The re-
sults suggest that a brochure-based lifestyle intervention programme can affect the offspring
temperament. Future follow-up studies need to investigate how these temperament-related

effects may influence obesity development later in life. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

The past 30 years have seen an exponential increase in global rates of obesity in all popu-
lation groups, including pregnant women and children, recognized worldwide as a major
burden for public health. Estimates for maternal obesity during pregnancy from 23 European
countries suggest that the prevalence varies from 7 to 25% [1]. Demographic variation in the
incidence of obesity is clearly evident [2], with the prevalence of maternal obesity being
strongly related to social, educational and ethnic differences [3]. The prevalence of over-
weight and obesity in European children (aged 2-7 years) during the period 2006-2016 was
17.9% [4]; and worldwide, 41 million children under the age of 5 years were overweight or
obese in 2016 [5]. Furthermore, the prevalence of overweight and obesity among children
and adolescents aged 5-19 years has risen dramatically from just 4% in 1975 to just over
18% in 2016 [3, 6-9].

Maternal overweight and obesity is linked to increased offspring’s risk of obesity and has
shown to be of stronger influence than either gestational weight gain (GWG) or postpartum
weight retention [9]. Additionally, GWG is positively associated with offspring adiposity [7,
10] and an increased risk for childhood cardiovascular risk profile [11]. A recent meta-
analysis showed that offspring of pregnant women who gained excess weight during preg-
nancy had 40% increased risk of offspring obesity from early to late adolescence and adulthood
[12]. Evidence suggests that associations between pre-pregnancy obesity and early excessive
GWG with adverse cardiometabolic profiles in offspring are largely mediated by offspring’s
childhood body mass index (BMI) [11].

Concurrently, maternal obesity can also lead to poorer cognitive performance and
increased risk of neurodevelopmental disorders in their offspring [8]. Some human studies
have shown that higher pre-pregnancy BMI is associated with poorer cognitive development
and emotional problems in offspring [13, 14]. However, published data do not allow for defin-
itive conclusions due to methodological limitations. Most studies are longitudinal observa-
tional cohorts faced with residual confounders. Mediating and moderating variables, such as
breastfeeding, paternal BMI, eating behaviour within a family context and mental health and
temperament of the children, are mostly not taken into account. Previous studies report on
associations between difficult temperament and risk for eating and weight regulation
problems in later childhood [15].

Worryingly, 20-40% of obese children and adolescents are diagnosed with neurodevel-
opmental disorders. For instance, attention deficit disorder and autism spectrum disorders
are almost twice as high in obese compared to non-obese school-age children. Executive
dysfunction, perception memory, language and learning problems, reduced social skills and
emotional instability are 2-4 times higher and motor skills disorder 5 times higher in obese
children. Clearly, these neurodevelopmental disorders require the same attention as the
prevention of childhood obesity [16].
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Nutrient intake and weight gain during pregnancy are 2 main modifiable factors influ-
encing maternal and infant outcomes. Most intervention studies during pregnancy have
focused on the limitation of GWG as a primary outcome by improving diet and physical
activity. Unfortunately, other than decreasing GWG by 1-2 kg, these studies have notimproved
perinatal outcomes, including fetal overgrowth [17-19]. The LIMIT study, however, a
randomized controlled trial (RCT) (n = 1,108) powered for clinical outcomes of the child, has
shown a significant decrease in women giving birth to macrosomic infants (15 vs. 19%,
number needed to treat = 28, p = 0.04) and suggests that lifestyle interventions during preg-
nancy (including dietary, exercise and behavioural strategies) might be effective in modu-
lating the offspring’s outcome [20].

A recently published unique individual patient data meta-analysis of 12,526 pregnant
women across 16 countries worldwide found that diet- combined with physical activity-
based interventions significantly reduced the mother’s weight gain during pregnancy by an
average of 0.7 kg compared to the control group and lowered the risk of the mother having a
caesarean delivery by about 10%; however, no further maternal and neonatal composite
outcomes were significant [21]. Whether the observed benefit in GWG with diet and physical
activity translates to long-term benefits to the mother and child needs to be assessed. Studies
on long-term effectiveness of these lifestyle interventions and the magnitude of weight
reduction in relation to significant health and wellbeing benefits for the child need to be
conducted [22]. Therefore, the aim of this follow-up study of a randomized controlled lifestyle
intervention during pregnancy in obese women is to assess the effect on childhood anthro-
pometrics, offspring eating habits and neurocognitive development in the 3- to 7-year-old
offspring. Additionally, differences in cardiovascular measures, such as heart rate and blood
pressure, between the intervention groups are studied. A secondary aim is to assess differ-
ences in anthropometrics, neurocognitive development, eating habits and cardiovascular
outcomes between children of normal-weight versus obese women.

Materials and Methods

Participants and Procedure

In an earlier study, 205 obese pregnant women with a BMI >29 kg/m? (obese group) and
208 pregnant women with a normal BMI (between 18.5 and 24.9 kg/m?, control group) were
recruited in 3 regional hospitals between 2008 and 2011. The present article describes a
follow-up study in which 96 mothers and their offspring from the obese group and 77 mothers
and their offspring from the control group participated (Fig. 1).

Obese pregnant women attending the antenatal clinic before 15 weeks of pregnancy
were informed by their gynaecologist or midwife about the study. They introduced the study
and gave the women an information sheet about the trial to be read athome. In case of interest,
the research midwife contacted the obese pregnant women by phone as soon as possible with
the demand to participate. After having given their written informed consent and having
completed a baseline assessment on socio-demographics and lifestyle data, as well as on
detailed medical and obstetrical history, they were randomly assigned to 3 intervention
groups: either (1) a group receiving routine antenatal care, (2) a brochure group receiving -
besides the routine antenatal care - additionally a purpose-designed brochure about nutri-
tional advice and physical activity during pregnancy with information to limit excessive GWG,
or (3) a prenatal session group, receiving routine antenatal care, the same brochure and an
additional 4 prenatal lifestyle intervention sessions led by a midwife trained in motivational
lifestyle intervention (A.B.). The primary outcomes of this trial (ClinicalTrials.gov Identifier:
NCT01329835) in obese pregnant women were that women receiving the brochure-based
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Fig. 1. Flow chart of the sample size in Bogaerts et al. [23] and this study.

lifestyle intervention programmes and the face-to-face lifestyle intervention demonstrated
improvements in less GWG [23]. Secondly, obese women in the face-to-face lifestyle inter-
vention group demonstrated lower levels of maternal anxiety during pregnancy [23].

When the children were between 3 and 7 years old, mothers were contacted again to ask
whether we could visit them athome to conduct anthropometric and cardiovascular measure-
ments and let them fill out various questionnaires.

Materials

Child Measurements

The Strengths and Difficulties Questionnaire (SDQ) designed by Goodman [24] was used
to measure the offspring’s mental health. The SDQ consists of 25 items divided into 5 scales
of 5 items each: emotional problems, conduct problems, hyperactivity, peer problems and
prosocial behaviour. Each item needs to be scored by the mother on a 3-point scale (0 = not
true, 1 = somewhat true, and 2 = certainly true). Item scores are summed up to obtain scale
scores. Furthermore, a total difficulties score can be calculated by summing the scores on the
emotional problems, conduct problems, hyperactivity and peer problems scales. Finally,
internalizing and externalizing problems scores can be constructed by adding, respectively,
the emotional and peer problems scores, and the conduct problems and hyperactivity scores
together. The Dutch version of the SDQ [25] was used and filled out by the mothers.

The offspring temperament was measured using the Dutch version of the Children’s
Behavior Questionnaire (CBQ) [26], also filled out by the mother. The CBQ is typically used in
early to middle childhood and consists of 36 items, each rated on a 7-point Likert scale. Three
factors have been reliably recovered from this instrument, labelled negative affectivity,
surgency/extraversion and effortful control.

Height and weight were measured by the researchers when visiting the mother’s home,
and BMI was calculated. The weight was measured using a portable, electronic weighing scale
(class 3, for medical use). It has a tare facility and weighs in kilograms to the nearest 50 g. A
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Normal-weight Routine Brochure Prenatal

control group antenatal care sessions

mean SD mean SD mean SD mean SD
Age, years 28.97 3.70 28.67 3.68 29.89 4.19 2846  3.73
Height, cm 165.68 5.80 166.06 6.45  164.17 585 166.14 545
Weight, kg 64.72 6.34 100.70  18.72 89.26  20.43 96.36 14.82
BMI 23.61 2.40 36.41 5.44 33.09 7.34 3494  5.25
Circumference at umbilicus level, cm 80.74 7.20 109.76  15.76  104.25 12.54 105.05 12.08
Heart rate, bpm 71.07 9.90 74.90 6.55 74.83 10.11 76.89 12.30
Diastolic blood pressure, mm Hg 71.68 8.73 81.44 8.99 79.97 12.63 76.35  9.20
Systolic blood pressure, mm Hg 117.71  13.82 12892 1645 128.01 1455 12237 12.38
Weekly consumed candy servings 3.63 3.15 3.35 3.41 2.73 2.15 3.49 2.03
Weekly consumed meat servings 4.58 2.00 4.60 1.77 4.52 1.95 4.86 2.48
Weekly consumed fish servings 0.97 0.61 1.27 0.88 1.46 0.86 1.26 0.65
Weekly consumed milk servings 5.45 3.40 6.77 5.26 6.78 5.84 5.78 3.44
Weekly consumed fruit servings 7.09 4.32 5.70 3.81 7.48 6.20 6.32 5.24
Weekly consumed vegetables servings 6.63 2.54 7.08 2.18 7.00 2.29 6.86 2.34
Weekly consumed soft drink servings 0.83 1.02 1.35 2.04 1.29 1.11 0.98 1.36
Weekly consumed water servings 5.17 3.48 6.28 2.75 5.46 4.90 5.88 2.82

Seca Stadiometer with an accuracy of 0.1 cm was used to measure height. Furthermore, hip
and waist circumferences and circumference at the umbilicus level were measured, allowing
to compute waist-to-hip and waist-to-height ratios. Additionally, skinfolds thicknesses were
measured at 4 locations (triceps, biceps, subscapular and suprailiac) using holtain calipers
(Harpenden® Skinfold Cap meter, with an accuracy of 1 mm). These skinfolds measurements
were summed into a measure of total body fat.

At the end of our visit, heart rate and both diastolic and systolic blood pressure were
measured with an OMRON monitor (Omron Healthcare Co., Ltd., Kyoto, Japan). Mothers also
filled in a non-standardised questionnaire to estimate the number of weekly consumed
servings of candy, meat, fish, milk, fruit, vegetables, soft drink and water by mother and child.

Maternal Measurements

During the visit, height and weight were measured, and BMI was calculated. Furthermore,
circumference at the umbilicus level was measured. At the end of our visit, heart rate and both
diastolic and systolic blood pressure were measured. For these measurements, the same
devices were used as for the child.

Paternal Measurements
Fathers filled in the same food questionnaire as described above. Furthermore, all fathers
filled in a questionnaire about their educational level, weight and height.

Statistical Analysis

Statistical analyses were performed using SPSS 24. First, one-way multivariate analysis of
covariance (MANCOVA) was conducted to compare the effects of the 3 different lifestyle inter-
ventions during pregnancy on offspring mental health, temperament, eating habits, anthropo-
metric and cardiovascular measures, while controlling for the children’s age and sex, offspring
birth weightand the mothers’ educational level. Planned contrasts were performed to compare
the routine antenatal care group to the brochure group, and to compare the brochure group

KARGER



Facts

The European Journal of Obesity

Table 2. Paternal characteristics

Obes Facts 2020;13:256-266

DOI: 10.1159/000506690

© 2020 The Author(s). Published by S. Karger AG, Basel
www.karger.com/ofa

Braeken and Bogaerts: Effect of Lifestyle Interventions in Obese Pregnant Women on
the Neurocognitive Development and Anthropometrics of Preschool Children

261

Normal-weight Routine Brochure Prenatal

control group antenatal care sessions

mean SD mean SD mean SD mean SD
Height, cm 179.85 5.89 178.92 7.83 180.08 8.94 180.53 8.47
Weight, kg 83.24 10.96 88.43 16.73 86.62 16.27 89.66 14.39
BMI 25.79 2.92 27.59 4.86 26.75 4.88 27.55 4.30
Weekly consumed candy servings 3.48 3.44 5.64 3.87 4.85 391 3.94 2.45
Weekly consumed meat servings 5.09 2.28 5.12 1.88 5.33 2.24 5.39 2.58
Weekly consumed fish servings 0.87 0.61 0.90 0.71 1.15 0.83 1.15 0.70
Weekly consumed soft drink servings 1.42 2.06 2.22 1.95 2.75 1.92 1.98 1.83
Weekly consumed water servings 4.79 3.37 6.52 3.61 2.88 3.10 4.86 3.06
Weekly consumed milk servings 5.02 3.45 5.96 3.05 4.62 3.58 5.01 3.64
Weekly consumed fruit servings 5.63 3.81 4.28 3.88 4.08 5.87 4.77 3.97
Weekly consumed vegetables servings 6.12 1.80 6.88 2.49 5.89 2.71 6.39 1.65

to the prenatal session group. Subsequently, for each outcome for which the MANCOVA indi-
cated no significant difference between the 3 intervention groups, the control group and the
whole obese group were compared using one-way MANCOVA, while controlling for the chil-
dren’s age and sex, offspring birth weight and mothers’ educational level.

Results

Descriptive Statistics
Characteristics of mothers, fathers and children in the control groups and the 3 inter-
vention groups are shown in Tables 1-3, respectively.

The Effect of Lifestyle Interventions during Pregnancy

MANCOVA indicated significant differences in the offspring CBQ surgency/extraversion
(F(2,82)=5.57,p<0.01) between the 3 intervention groups. Planned contrast analysis revealed
that offspring CBQ surgency/extraversion was significantly lower in the brochure group than in
both the group receiving routine antenatal care (contrast estimate = -0.36, SE = 0.15, p = 0.02,
95% CI [-6.66, -0.06]) and the prenatal session group (contrast estimate = -0.46, SE = 0.14, p <
0.01,95% CI [-0.74, -0.18]; Fig. 2). Planned contrast did not reveal any significant differences in
offspring CBQ surgency/extraversion between the group receiving routine antenatal care and
the prenatal session group (p > 0.05). No significant group differences in offspring mental health,
eating habits and anthropometric and cardiovascular measures were found.

Comparison of the Whole Obese Group and the Normal-Weight Control Group

The subsequent MANCOVA showed that children of mothers in the control group scored
significantly lower on the SDQ emotional problems scale than children of mothers in the
obese group (F(1, 156) = 4.07, p < 0.05). Furthermore, children of mothers in the control
group also scored significantly lower on the SDQ externalizing problems scale (F(1, 156) =
6.10, p = 0.02) and trend-significantly lower on the SDQ internalizing problems scale
(F(1,156) = 3.04, p = 0.08). Children of mothers in the control group also scored significantly
lower on the CBQ negative affectivity scale (F(1, 156) = 5.42, p = 0.02).

The latter MANCOVA indicated that children of mothers in the obese group had a signifi-
cantly higher weight (F(1, 156) = 12.22, p < 0.01), resulting in a significantly higher BMI
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Normal-weight Routine Brochure Prenatal

control group antenatal care sessions

mean SD mean SD mean SD mean SD
SDQ prosocial behavior 8.56 1.38 8.80 1.45 8.22 1.69 7.97 1.88
SDQ emotional problems 1.71 1.76 2.07 1.66 1.96 2.10 2.36 2.22
SDQ hyperactivity 3.26 2.56 3.27 2.46 3.30 2.58 4.10 2.93
SDQ conduct problems 1.12 1.34 1.37 1.16 1.48 1.16 1.62 1.39
SDQ peer problems 0.96 1.49 1.20 1.21 1.19 1.24 1.36 1.50
SDQ total difficulties 7.05 5.08 7.90 4.29 7.93 5.40 9.44 5.10
SDQ externalizing problems 2.83 2.27 3.43 2.24 3.44 2.79 3.97 2.51
SDQ internalizing problems 2.68 2.59 3.27 2.13 3.15 3.05 3.72 3.15
CBQ surgency/extraversion 4.25 0.62 4.30 0.58 4.00 0.56 4.40 0.52
CBQ negative affectivity 3.76 0.83 4.09 0.73 3.83 0.80 4.03 0.76
CBQ effortful control 5.35 0.73 5.57 0.69 5.31 0.65 5.34 0.62
Height, cm 117.80 6.26 115.37 8.58 112.66 9.39 113.23 8.31
Weight, kg 21.59 2.63 22.58 5.24 21.71 5.15 2143 4.43
BMI 15.52 1.01 16.75 1.90 16.88 2.01 16.55 1.95
Waist circumference, cm 54.00 3.64 56.29 5.45 55.26 5.90 54,95 4.44
Hip circumference, cm 56.75 3.49 58.47 5.86 57.37 6.14 57.21 4,92
Circumference at umbilicus level, cm 55.38 3.75 58.02 6.10 56.00 7.50 56.67 5.36
Waist-to-hip ratio 0.95 0.05 0.96 0.05 0.96 0.05 0.96 0.05
Waist-to-height ratio 0.46 0.03 0.49 0.03 0.49 0.04 0.49 0.04
Heart rate, bpm 85.70 10.09 86.17 14.10 87.59 12.82 88.54 8.78
Diastolic blood pressure, mm Hg 61.55 7.74 59.83 7.40 61.28 9.42 62.08 10.67
Systolic blood pressure, mm Hg 103.74 8.78 103.36 8.46 105.15 12.10 104.52 7.77
Weekly consumed candy servings 4.34 3.36 3.78 2.37 4.37 2.63 3.83 2.17
Weekly consumed meat servings 4.87 1.80 497 1.81 4.67 2.11 5.16 2.53
Weekly consumed fish servings 0.97 0.90 1.03 0.68 1.25 0.68 0.97 0.57
Weekly consumed milk servings 6.97 4.17 8.63 5.82 7.40 3.38 6.86 4.65
Weekly consumed fruit servings 6.20 3.02 6.45 2.66 7.04 5.27 6.50 3.95
Weekly consumed vegetables servings 6.18 2.19 6.25 2.32 6.70 291 6.33 2.39
Weekly consumed soft drink servings 0.47 0.57 0.78 0.75 0.62 0.77 0.90 0.85
Weekly consumed water servings 291 1.59 3.48 1.58 3.39 2.12 3.86 2.72
Age, years 6.27 0.79 5.88 1.05 5.60 1.24 5.63 1.22
Sex 0.52 0.50 0.63 0.49 0.48 0.51 0.56 0.50
Birth weight, g 3,381.31 508.69 3,551.00 545.70 3,360.11 575.89 3,379.83 726.58

(F(1, 156) = 25.18, p < 0.01). Additionally, there was also evidence for a significantly larger
waist (F(1, 156) = 12.57, p < 0.01) and hip circumference (F(1, 156) = 5.47, p = 0.02) in
children of mothers in the obese group. Relatedly, children of mothers in the obese group had
a significantly higher waist-to-height ratio (F(1, 156) = 20.81, p < 0.01) and waist-to-hip ratio
(F(1,156) = 4.23, p = 0.04). Moreover, children of mothers in the obese group had a signifi-
cantly larger circumference at umbilicus level (F(1, 156) = 9.78, p < 0.01). There were no
significant differences in heart rate or blood pressure between the control group and the
obese group (p > 0.1).

According to the MANOVA, children of mothers in the obese group tend to consume signif-
icantly more weekly servings of vegetables (F(1, 156) =4.06, p < 0.05) and water (F(1, 156) =
6.43, p = 0.01). Furthermore, children of mothers in the obese group consumed nearly signifi-
cantly more weekly servings of fruit (F(1, 156) = 3.43, p = 0.07) and soft drink (F(1, 156) =
3.83,p =0.05).
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Discussion/Conclusion

The main result of this study is that children of obese mothers who received a brochure-
based lifestyle intervention programme during pregnancy showed significantly less surgency/
extraversion compared to children of mothers who received routine antenatal care. Although
there were no differences in offspring eating habits and anthropometric measures between the
different intervention groups, the difference in surgency/extraversion requires attention, espe-
cially when considering previous research showing relationships between infant temperament
and the development of obesity. More specifically, extraversion has been positively associated
with overweight, possibly mediated by enjoyment of food and overeating habits in response to
external cues [27, 28]. Importantly, a recent study suggested that surgent infants only predicted
increased weight gain during infancy when parents used food to soothe infant distress [29].

In contrast, the lifestyle interventions could not be associated with any significant differ-
ences in offspring mental health, eating habits and anthropometric and cardiovascular char-
acteristics. Currently, itis unclear whether the lifestyle interventions during pregnancy might
perhaps only have more short-term effects than long-term effects observable at the age of 3
years or older. It must be noted that all interventions only occurred during pregnancy. It
might be important to have also follow-up interventions after pregnancy, as subjects may
revert to earlier habits once intensive lifestyle intervention is finished. Remarkably, the
prenatal session group, in contrast to the brochure group, did not show significant differences
in offspring surgency/extraversion compared to the routine antenatal care group. This may
also suggest that pregnant women receiving a more passive guidance in the form of abrochure
might be more intrinsically motivated to change their lifestyle compared to pregnant women
who participated in a more active prenatal session group with potentially more extrinsic
motivation. Hence, it can also be hypothesized that pregnant women receiving more active
guidance tend to revert to earlier habits much quicker than pregnant women receiving more
passive guidance. Importantly, in our earlier RCT study, we reported a lower prevalence of
women with excessive GWG in the brochure group (53.4 vs. 61.8% in the active prenatal
session group) [23]. This difference might be a precursor of the observed differences in the
children of the brochure and the active lifestyle intervention groups. This can be supported
by some studies that report on an association between prenatal weight gain and negative
outcome in the offspring in the longer term, such as autism spectrum disorders [30].
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Additionally, other research shows that lifestyle interventions targeted at decreasing the
risk of maternal gestational diabetes, preeclampsia or excessive fetal growth may be inef-
fective due to the fact that maternal pregravid and early pregnancy metabolic condition
program early placenta function and gene expression [31]. These alterations in maternal/
placental function are known to occur in early pregnancy, possibly before the intervention
was started. Another possible explanation is the key role that fathers have in the offspring
eating habits and physical activity [32-34]. In the present study, many fathers of children
from obese mothers had a remarkably high body weight, possibly moderating the effect of the
lifestyle interventions [35]. Finally, future studies on the long-term effectiveness of lifestyle
interventions during pregnancy could potentially benefit from a smaller age range when
assessing the children.

When comparing the control group and the whole obese group, significant differences in
offspring mental health were found. More specifically, children of mothers in the control
group showed less emotional problems and internalizing and externalizing problems than
children of mothers in the obese group. These results confirm the conclusion from an earlier
review article stating that the offspring of women who are overweight or obese during preg-
nancy are at increased risk for externalizing problems and internalizing psychopathology in
childhood [8, 36].

The results also show significant anthropometric differences between children of
mothers in the obese group and children of mothers in the control group. Children of
mothers in the obese group had a significantly higher weight and BMI, larger waist and
hip circumference, higher waist-to-height ratio and waist-to-hip ratio and larger circum-
ference at the umbilicus level. While an earlier study could not find significant differences
in BMI and abdominal circumference between offspring of normal-weight mothers and
offspring of obese mothers [37], our results are in line with other studies showing a link
between maternal overweight and increased offspring’s risk of obesity [9, 38]. These
differences show the relevance of studies investigating the potential positive effects of
lifestyle interventions during pregnancy on the offspring. No evidence was found for any
differences in heart rate or blood pressure between the control group and the obese
group.

Our study has a number of strengths. To the best of our knowledge, it is the first study
investigating the long-term effectiveness of lifestyle interventions during pregnancy.
Furthermore, in contrast to other studies, the anthropometric measures, such as weight and
height of mother and children, were not self-assessed but rated by the researchers. Stan-
dardized and validated measures and questionnaires were used. Markedly, almost 50% of the
mothers who participated during pregnancy also participated when the children were 3-7
years old. Noticeably, the GWG of mothers who participated in the earlier RCT but declined
to participate in the follow-up study was significantly lower. This may suggest that mothers
who were not part of the follow-up study potentially benefited the most from the lifestyle
intervention during pregnancy, possibly influencing the results of the present study. The
children in our sample had relatively large age differences; we handled this inhomogeneity
in the following ways. First, we used a validated age-adapted questionnaire, the CBQ [26],
which is purposely designed to provide a detailed assessment of temperament in children
3-7 years of age. Second, in the multivariate analysis of covariance, child’s age was one of the
covariates.

While the present study did not find a positive effect of the lifestyle interventions during
pregnancy on childhood obesity, the results suggest that the interventions can affect the
offspring temperament by reducing surgency/extraversion. Future follow-up studies need to
investigate how these temperament-related effects may influence obesity development later
in life.
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