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Abstract
Objective: To assess the association between pregestational BMI and offspring’s
risk of overweight/obesity after accounting for the most important confounders,
especially maternal smoking habit.
Design: Prospective cohort study.
Setting: The Seguimiento Universidad de Navarra (SUN) study is a prospective
cohort of Spanish graduates with more than 22 000 participants nationwide.
Recruitment started in 1999, and it is permanently open. Data on diet, lifestyle
and clinical diagnoses are collected at baseline and every 2 years.
Participants: Women from the SUN cohort who reported at least one pregnancy
during follow-up (n 3496) were invited to this study. Among them, 1527 agreed to
participate and completed an additional more detailed online questionnaire on
their pregnancy history and their offspring’s nutritional status.
Results: After excluding 165 children, we analysed data of 2791 participants born to
1485 mothers and observed that each 5 kg/m2 increase in pregestational BMI was
associated with a 0·22 (95 % CI 0·15, 0·29) higher z-score in offspring’s BMI and
higher risk of overweight/obesity (multivariable-adjusted relative risk (RR) 1·57
(95 % CI 1·39, 1·77)) in childhood or adolescence. Furthermore, we
observed stronger association in children born to smoker mothers (RR 1·91;
95 % CI 1·48, 2·46) than from non-smoker mothers (RR 1·51; 95 % CI 1·31, 1·73)
(Pfor interaction= 0·02).
Conclusions: We found a synergistic interaction between pregestational BMI and
maternal smoking habit on offspring’s z-score of the BMI and in their risk of over-
weight/obesity. Although further research is needed to analyse dose–response
relationships, these findings reinforce the importance of promoting healthy
lifestyles in pregnant women in order to prevent childhood obesity.
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Due to the high prevalence of obesity and the increased risk
of morbidity and mortality associated with it, early-life
prevention of childhood obesity has become a public health
priority. The preconception and prenatal periods are critical
developmental stages for later obesity and metabolic risk. In
this context, many factors have been investigated, including

maternal pre-existing medical conditions, lifestyles, possible
gene–environment interactions and epigenetic mechanisms
as underlying early life origins of metabolic risk(1).

A growing body of evidence suggests strong links
between maternal lifestyles before pregnancy and adverse
effects on both pregnancy and child health outcomes(2–5).
Among modifiable lifestyle factors, maternal pregestational
BMI is a well-known risk factor for future obesity in the‡Article last updated 24 March 2022
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offspring from birth to adulthood. Maternal obesity is asso-
ciated with an increased risk of gestational diabetes and
gestational hypertensive disorders, and it is also a major
determinant of offspring’s health during childhood and
later adult life(6,7). A systematic review and meta-analysis
conducted by Heslehurst et al. found a 264 % increase in
the odds of childhood obesity for those children whose
mothers had obesity before conception(8).

On the other hand, cigarette smoke contains thousands
of known toxic components and although pathways link-
ing prenatal exposure to cigarette smoking and obesity
are not well understood(9,10), even very low doses of ciga-
rette smoke exposure during pregnancy may increase the
risk overweight and obesity(11,12) in the offspring.

The present study aimed to assess the association
between maternal pregestational BMI and offspring’s risk
of overweight or obesity after accounting for the most
important confounders, especially maternal smoking habit,
among children of women participating in the Seguimiento
Universidad de Navarra (SUN) cohort.

Materials and methods

Selection of the participants
The objectives and methods of the SUN prospective cohort
have been detailed elsewhere(13). Recruitment started in
1999, and it is permanently open. Currently, the SUN cohort
includes more than 22 000 participants. Data on diet, life-
style and clinical diagnoses are collected at baseline and
every 2 years. The SUN project was conducted according
to the guidelines laid down in the Declaration of Helsinki;
its protocol was approved by the Institutional Review
Board of the University of Navarra, and this cohort is regis-
tered at clinicaltrials.gov as NCT02669602. When obtaining
informed consent, potential participantswere of their right to
refuse to participate in the SUN study or to withdraw their
consent to participate at any time without reprisal.

In March 2018, we invited 3496 women who reported
one or more pregnancies during their follow-up in the
SUN cohort to complete a more detailed online supplemen-
tal questionnaire focused on their pregnancy history and the
health of their offspring. Among them, 1527 (43·6 %) agreed
to participate and reported information on 3013 children.
We excluded children with BMI z-scores out of the prede-
fined limits (percentile 1 and percentile 99, n 57) and those
born after 2016 (n 165) due to the lack of International
Obesity Task Force standards of reference under the age
of 2 years. The final sample consisted of 2791 children from
2731 pregnancies in 1485 women (see online supplemen-
tary material, Supplemental Figure 1).

Data collection
Between March and June 2018, participants completed two
brief questionnaires sent by email. The first questionnaire

(Q1) consisted of seven items on pregnancy and delivery
including questions about gestation, such as complications
during pregnancy (gestational diabetes, pregnancy-
induced hypertension and preeclampsia) and type of deliv-
ery (caesarean or vaginal). The second questionnaire (Q2)
consisted of eight items on the health and conditions of the
offspring, including retrospective questions about off-
spring’s date of birth, sex (male or female), birth weight
(continuous), as well as questions about current weight
(continuous) and height (continuous). Women completed
one Q1 for each pregnancy during the follow-up in SUN
and one Q2 for each child born after that pregnancy.

Exposure
Pre-pregnancy weight (continuous) and smoking habit
(yes or no) were updated using information reported in
the questionnaire immediately preceding the date of the
delivery.

Outcome
Information about offspring’s current age, weight and
height was obtained from the questionnaires that partici-
pants completed between March and June 2018.
Children’s current age was calculated as the difference
between the day in which the questionnaire was collected
and their birth date. To analyse the BMI as a continuous var-
iable, we calculated offspring’s sex- and age-specific BMI z-
scores using the LMS parameters, which describe the skew
(L for lambda), themedian (M for mu) and the coefficient of
variation (S for sigma) for a measurement(14). To calculate
the risk of overweight or obesity in the offspring, we first
calculated offspring’s BMI as weight in kg divided by height
in metres squared and then defined nutritional status using
sex- and age-specific cut-off points based on the
International Obesity Task Force standards of reference(14).

Covariates
Information about maternal covariates was obtained from
the baseline and follow-up questionnaires in the SUN
cohort. Maternal age at delivery (continuous) was calcu-
lated as the difference between mothers’ birth date and
the date of the delivery and categorised for the analyses.
Information about covariates related to the pregnancy (or
pregnancies) was obtained from the questionnaires that
participants completed between March and June 2018.

Dietary information was obtained from a validated
136-item semi-quantitative FFQ collected when partici-
pants entered in the SUN cohort(15). The FFQ had nine
categories for intake frequency, from never to two or more
servings/d. The nutritional content of each food was
obtained from Spanish food composition guides(16,17) and
supplemented with information from food and supplement
manufacturers when needed. The nutrient contribution of
each food itemwas calculated bymultiplying the frequency
of food consumption by the nutrient composition of the
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specified portion size. Energy intake (kcal/d) for each food
item was calculated by multiplying the frequency of each
food item consumed by the energy content of its specified
portion size. Total energy intake was calculated as the sum
of energy provided by each food item. We also calculated
the adherence to the Mediterranean dietary pattern based
on the information from the FFQ using the classical
Mediterranean Diet Score(18). We defined three categories
of adherence to the Mediterranean Diet Score: low (from 0
to 2 points), medium (from 3 to 5 points) and high (from 6
to 9 points).

Physical activity was collected when participants
entered in SUN cohort with a validated questionnaire that
included seventeen activities and ten categories of
response, from never to 11 or more h/week. We multiplied
the metabolic equivalents of each activity by the weekly
participation in that activity, weighted according to the
number of months dedicated to each activity(19) to obtain
the metabolic equivalent-h/week for each activity. Total
physical activity was quantified by summing the metabolic
equivalent-h/week dedicated to all activities performed
during leisure time.

Statistical analysis
We calculated the required sample size to reach a statistical
power of 90 % using available data of estimates(8) and con-
sidering the prevalence of offspring’s overweight in our
sample (14·0 %). Therefore, assuming a 32·0 % prevalence
for pregestational overweight, a risk ratio for offspring’s
overweight associated with maternal pregestational over-
weight of 1·55 and a two-side alpha risk of 0·05, the mini-
mum sample size resulted to be 1641 children, including
398 whose mother had overweight or obesity.

Main characteristics of mothers and their offspring were
calculated by categories of maternal pregestational weight
status. We used mean (SD) to describe quantitative varia-
bles and frequencies (%) for qualitative variables.

To analyse the association between maternal pregesta-
tional BMI and offspring’s z-score of the BMI, we used gen-
eralised mixed models with three hierarchical levels to
account for the intra-cluster correlations between siblings
from the same and different pregnancies. We used random
intercept and the same single variance for all the random
effects. To assess offspring’s risk of overweight or obesity,
we used Poisson regression with mother-clustered
variance–covariance matrix. For all analyses, we obtained
crude- and multivariable-adjusted estimates. Non-linearity
was assessed introducing a quadratic term for maternal
BMI into the crude model. Confounding was evaluated in
three progressively adjusted models. The first set of models
was adjusted for offspring’s sex and current age (continu-
ous). The second set of models was additionally adjusted
for mother’s age (20–30, 30–35, ≥35 years old), maternal
education (years of university), Mediterranean Diet Score
(low, medium or high), total energy intake (quintiles of

kcal/d) and physical activity (quintiles of metabolic equiva-
lent-h/week). The third set of models was additionally
adjusted for maternal smoking habit (yes or no).

To evaluate whether smoking habit modified the asso-
ciation between maternal pregestational BMI and off-
spring’s risk of overweight, we compared model 2 with
and without the interaction term, using the likelihood ratio
test (1 df). Subgroup analyses in smoker and non-smoker
mothers were also performed.

In sensitivity analyses, we ran the samemodels using the
WHO criteria to define overweight/obesity in children and
adolescents and excluding participants with z-score of the
BMI below –4 or above þ4. Additionally, we assessed the
association between maternal BMI and offspring’s z-score
of the height.

Results

Our sample included 2791children born to 1485 mothers
(528 singletons, 119 siblings from the same pregnancy –

116 twins and 3 triplets – and 2144 siblings from different
pregnancies). Among women who reported information of
more than one child, the mean number of children was 1·8
(range: 2–8 children). No major differences in baseline
characteristics existed between women who did and
women who did not agree to participate (see online sup-
plementary material, Supplemental Table 1). Main charac-
teristics of participants and their children are presented in
Table 1. Four hundred fifty-nine women reported preges-
tational BMI equal to or above 25 kg/m2 (19·6 % of the preg-
nancies). Those women were slightly older at delivery and
more likely to report complications during pregnancy,
more specifically, hypertension and gestational diabetes.
Pregestational overweight or obese women reported less
years of university education, and lower both energy intake
and physical activity. Children whose mother reported pre-
gestational overweight or obesity were more likely born by
caesarean delivery and had slightly higher birth weight.
Overall, 392 out of the 2791 children were overweight or
obese (14·0 %) when this study was set.

We found a linear association betweenmaternal preges-
tational BMI and offspring’s z-score of the BMI (Fig. 1).
Children whose mother reported pregestational BMI equal
or above 25 kg/m2 showed significantly higher z-score of
the BMI than those children whose mother reported pre-
gestational BMI of 22 kg/m2 (reference category).
Moreover, each 5 kg/m2 increase in maternal pregesta-
tional BMI was associated with a 0·22 (95 % CI 0·15,
0·29) higher offspring’s z-score of the BMI after adjusting
for potential confounders (Table 2).

In further analyses, we observed that each 5 kg/m2

increase in maternal pregestational BMI was associated
with a 1·61-fold (95 % CI 1·43, 1·82) higher risk of over-
weight or obesity in the offspring in the crude model
(Table 3). The association was slightly attenuated but
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remained significant in the fully adjusted model (relative
risk 1·57; 95 % CI 1·39, 1·77). Additional adjustment for
breast-feeding (yes/no) did not change the estimates (data
not shown).

A significant interaction was found between maternal
smoking habit and pregestational BMI (Pfor interaction= 0·02;
1 df). Compared with the category of reference (z-score of
children whose mother reported pregestational BMI of
22 kg/m2), the change in offspring’s z-score of the BMI
associated with each 5 kg/m2 increase in maternal

pregestational BMI was higher in those children whose
mother reported smoking habit (difference 0·39; 95 % CI
0·21, 0·53) than in those who did not (difference 0·20;
95 % CI 0·13, 0·28) (see online supplementary material,
Supplementary Figure 2). Similar results were found
regarding offspring’s risk of overweight or obesity by
maternal smoking habit; in non-smoker mothers, each
5 kg/m2 increase in pregestational BMI was associated with
a 51 % (95 % CI 31 %, 73 %) relative increase in offspring’s
risk of overweight or obesity, but that relative increase

Table 1 Main characteristics of mothers and children by maternal pregestational weight status*

Overall
Normal weight†

(n 2332)
Overweight or
obese† (n 459)

Pn % n % n %

Children’s characteristics
Age (years)
Mean 9·91 10·09 9·02 <0·001
SD 4·22 4·23 4·06

Sex (male) 1457 52·20 1208 51·80 249 54·25 0·34
Gestational age 0·24
20 to <37 weeks 200 7·17 171 7·33 29 6·32
37 to<40 weeks 1120 40·13 942 40·39 178 38·78
40 to<43 weeks 1392 49·87 1159 49·70 233 50·76
≥43 weeks 79 2·83 60 2·57 19 4·14

Type of delivery (caesarean) 599 21·46 464 19·90 135 29·41 <0·001
Birth weight (g) 0·02
Mean 3255·24 3245·08 3306·88
SD 524·33 519·79 544·50

Breast-feeding (yes) 2506 89·85 2094 89·87 412 89·76 0·94
Duration of breast-feeding 0·31
<3months 501 17·95 404 17·32 97 21·13
3–6months 816 29·24 693 29·72 123 26·80
6–12months 715 25·62 604 25·90 111 24·18
>12months 474 16·98 393 16·85 81 17·65

Mothers’ characteristics
Age (years) <0·001
Mean 34·48 34·00 35·23
SD 3·67 3·61 3·82

Age <0·001
20–30 years 326 11·68 287 12·31 39 8·50
30–35 years 1335 47·83 1153 49·44 182 39·65
≥35 years 1130 40·49 892 38·25 238 51·85

Educational level (years of university)
Mean 4·77 4·80 4·61 <0·001
SD 1·16 1·20 0·92

Smoking habit (yes) 981 35·15 807 34·61 174 37·91 0·18
Complications during pregnancy 250 8·96 182 7·8 68 14·81 <0·001
Hypertension 61 2·19 37 1·59 24 5·23 <0·001
Preeclampsia 42 1·50 32 1·37 10 2·18 0·20
Gestational diabetes 164 5·88 122 5·23 42 9·15 0·001

Antibiotic use at labour (yes) 543 19·88 443 19·37 100 22·47 0·13
Adherence to Mediterranean diet 0·17
Low (0–2 points) 616 22·07 521 22·34 95 20·70
Medium (3–5 points) 1710 61·27 1436 61·58 274 59·69
High (6–9 points) 465 16·66 375 16·08 90 19·61

Energy intake (kcal/d)
Mean 2506·27 2526·29 2404·58 <0·001
SD 899·21 929·51 718·29

Physical activity (MET-h/week)
Mean 9·91 10·09 9·02 <0·001
SD 4·22 4·23 4·06

MET, metabolic equivalent.
*Adjusted for children factors: sex and current age; and maternal factors: age (20–30, 30–35 and ≥35 years), maternal education (years of university), adherence to
Mediterranean diet (low/medium/high), total energy intake (quintiles), physical activity (quintiles) and smoking habit (yes/no).
†Normal weight and overweight/obesity were defined as BMI below and equal or over 25 kg/m2, respectively.
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Fig. 1 Difference and 95% CI in offspring’s z-score of the BMI associated with maternal pregestational BMI (kg/m2). Pregestational
BMI of 22 kg/m2 was used as reference. The histogram represents the frequency distribution of maternal pregestational BMI (kg/m2)

Table 2 Change and95%CI in offspring’s z-score of theBMI associatedwith each additional 5 kg/m2 increase inmaternal pregestational BMI

Change in offspring’s z-score of the BMI 95% CI P

Crude model 0·21 0·14, 0·28 <0·001
Multivariable-adjusted model 1* 0·21 0·14, 0·29 <0·001
Multivariable-adjusted model 2† 0·22 0·15, 0·29 <0·001
Multivariable-adjusted model 3‡ 0·22 0·15, 0·29 <0·001

*Adjusted for children factor: sex and current age.
†Additionally adjusted for maternal factors: age (20–30, 30–35 and ≥35 years), maternal education (years of university), adherence to Mediterranean diet (low/medium/high),
total energy intake (quintiles) and physical activity (quintiles).
‡Additionally adjusted for maternal smoking habit (yes/no).

Table 3 Risk ratio (RR) and 95% CI for offspring’s overweight or obesity associated with each additional 5 kg/m2 increase in maternal
pregestational BMI*,†

RR for offspring’s overweight or obesity 95% CI P

Crude model 1·61 1·43, 1·82 <0·001
Multivariable-adjusted model 1‡ 1·60 1·42, 1·81 <0·001
Multivariable-adjusted model 2§ 1·57 1·39, 1·78 <0·001
Multivariable-adjusted model 3|| 1·57 1·39, 1·77 <0·001

*Data: 334 overweight or obese children born to 2477 non-smoker mothers and 58 overweight or obese children born to 314 smoker mothers.
†Adjusted for children factor: sex and current age; and maternal factors: age (20–30, 30–35 and ≥35 years), maternal education (years of university), adherence to
Mediterranean diet (low/medium/high), total energy intake (quintiles) and physical activity (quintiles).
‡Adjusted for children factor: sex and actual age.
§Additionally adjusted for maternal factors: age (20–30, 30–35 and ≥35 years), years of university, adherence to Mediterranean diet (low/medium/high), total energy intake
(quintiles) and physical activity (quintiles).
||Additionally adjusted for maternal smoking habit (yes/no).
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raised up to 91 % (95 % CI 48 %, 146 %) in smoker mothers
(Fig. 2). Regarding the association between each additional
5 BMI units and risk of offspring overweight/obesity, the
ratio of the relative risks in smoker and non-smoker moth-
ers was 1·22 (95 % CI 1·00, 1·58).

Similar results were found in sensitivity analyses using
the WHO criteria to define overweight/obesity in children
and adolescents and excluding participants with z-score of
BMI below –4 or above þ4 (see online supplementary
material, Supplemental Table 2 and 3). In additional analy-
ses, we found that maternal BMI was also directly associ-
ated with child’s z-score of height after adjusting for
potential confounders (multivariable-adjusted difference
= 0·20; 95 % CI 0·12, 0·28) (see online supplementary
material, Supplemental Table 4).

Discussion

After assessing 2791 children born to 1485 mothers in the
SUN study, we found that pregestational BMI was associ-
ated with higher offspring’s z-score of BMI and increased
risk of overweight or obesity. More specifically, each
5 kg/m2 increase in pregestational BMI was associated with
an increase of 0·22 (95 % CI 0·15, 0·29) in children’s z-score
of BMI and a 57 % (95 % CI 39 %, 77 %) relative increase in
offspring’s risk of overweight/obesity. Stronger estimates
were observed for children born to smoker (relative risk
1·91; 95 % CI 1·48, 2·46) than to non-smoker mothers
(relative risk 1·51 95 % CI 1·31, 1·73). Our results were
robust in sensitivity analyses using the WHO criteria to
define childhood overweight/obesity and excluding partici-
pants with z-score of BMI below −4 or above þ4. The
association that we found between maternal pregestational
BMI and offspring’s z-score of height supports the hypoth-
esis that maternal BMI is associated with child’s weight
and that the strength of this association may be greater than
the one observed for the BMI.

Taking into account that obesity is the most common
problem in childbearing age women and according to
the Developmental Origins of Health and Disease hypoth-
esis, the periconceptional period has emerged as a critical
stage that could lead offspring to havemetabolic disruption
and thus perpetuate the obesity epidemic across
generations(20,21).

It is well known that pregestational BMI is associated
with offspring birth weight and future BMI(22), but it is still
unclear whether that association is causally related to intra-
uterine factors, or if, on the contrary, it is explained by
residual confounding (by genetic factors, environmental
factors or both)(23). Although causality remains unclear,
observational studies have reported epigenetic modifica-
tions in offspring of women with obesity(24). Since obese
women are more likely to have excessive gestational
weight gain, they have an increased risk of preeclampsia
and gestational diabetes, which leads to an increase in
the insulin response, affecting early placental growth and
gene expression(25).

Since parental modelling is associated with children’s
energy balance-related behaviours(26), maternal over-
weight and smoking habit may increase offspring’s risk
of overweight and obesity beyond the periconceptional
period by facilitating children’s adherence to less healthy
lifestyles. In line with our results, a recent meta-analysis
of thirty-seven birth cohort studies concluded that higher
maternal pre-pregnancy BMI was associated with an
increased risk of childhood overweight/obesity, with the
strongest estimates at later ages. Beyond the potential con-
founding by children’s lifestyle characteristics, the authors
estimated that about 10·0–20·0 % of the cases of childhood
overweight/obesity were attributable to maternal pre-
pregnancy overweight or obesity(27).

Interestingly, we found a positive interaction between
maternal smoking habit and maternal pregestational BMI,
meaning that offspring’s risk of overweight/obesity associ-
ated with maternal pregestational BMI was significantly
higher in the subgroup of children whose mother was
smoker (ratio of the relative risks 1·22; 95 % CI 1·00,
1·48). Evidence on joint effect in older children is scarce,
and further research is need to fully elucidate the real mag-
nitude of the association and the existence of a dose–
response relationship(28).

Smoking before and during pregnancy is one of the
most important modifiable risk factors for a wide range
of adverse pregnancy outcomes(29,30). Smoking in preg-
nancy remains an important public health issue, particu-
larly in Europe and some regions of the USA that have
the highest prevalence worldwide(31). In Spain, the INMA
(INfancia y Medio Ambiente, Environment and
Childhood) project, a multicentre prospective birth cohort
study, assessed 2263 pregnant women and reported that
32·4 % were occasional or regular smokers when they
became pregnant(32). The reported prevalence in INMA
was similar to what we found in our sample.

Fig. 2 Risk ratio (RR) and 95% CI for offspring’s overweight or
obesity associated with each additional 5 kg/m2 increase in
maternal pregestational BMI by maternal smoking habit
(Pfor interaction= 0·02)
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A systematic review and meta-analysis concluded that,
compared with children whose mother did not smoke
during pregnancy, those born to mother who did had
37·0 and 55·0 % greater odds of overweight and obesity,
respectively(33). Furthermore, a recent systematic review
concluded that maternal smoking inception and increasing
the number of cigarettes were positively associated with
adiposity in second- or higher-order children(28).

Plausible mechanisms for the association between
maternal smoking and offspring’s overweight/obesity
include hypoxia due to carbon-monoxide-nicotine-
induced reductions in in utero placental blood flow and
association with growth due to placental toxicity induced
by chemicals in cigarette smoke(9). More recently, tobacco
exposure-induced changes in infant gut microbiota have
also been hypothesised as a possible explanation for the
association between maternal smoking and offspring’s
overweight/obesity(10).

Our study has several strengths including the large sam-
ple size and the use of updated information on pre-
pregnancy weight and smoking habit of women for each
pregnancy. Nevertheless, we acknowledge some limita-
tions. First, we invited 3474 women, but only 44·0 % of
women agreed to participate. However, no major
differences in baseline characteristics were observed
between responders and non-responder women.
Second, our sample in this study was highly educated
mothers, which could be not fully representative of general
population. However, representativeness does not, in and
of itself, deliver valid scientific inference and inmany cases.
Furthermore, since restricting the sample to highly edu-
cated participants raises the response rate and adds validity
to their auto-referred data aswell as reduce confounding by
socio-economic covariates(34,35), it may be considered a
strength rather than a weakness of this study. Third, ques-
tionnaire on pregnancy history and offspring data was not
specifically validated. However, previous validation stud-
ies on self-reported data in the SUN cohort including
weight and BMI(36) support the reliance of collected infor-
mation as occurs in other cohorts based on highly educated
participants(37,38). Fourth, as we used mother-reported
information, the possibility of potential measurement error
must be acknowledged. Besides, the quality of the informa-
tion regarding smoking habit is limited both by the dichot-
omisation of the responses, which prevents measuring a
possible dose–response gradient, and by its retrospective
nature, which does not completely remove a potential
recall effect and consequent misclassification. However,
the high motivation, commitment and educational level
of participants in the SUN cohort may allay this possibility.
Fifth, despite our significant findings, we must acknowl-
edge that this study may be underpowered to detect some
interactions. Finally, this investigation was mother-centred
approach, since paternal factors and lifestyles were not
available.

Conclusions

We found that each 5 kg/m2 increase in maternal pregesta-
tional BMI was associated with a 0·22 (95 % CI 0·15, 0·29)
higher z-score of BMI and a 57 % relative increase in off-
spring’s risk of overweight or obesity. That risk was higher
(relative risk 91 %; 95 % CI 48 %, 146 %) in children born to
smoker mothers, suggesting that smokingmight modify the
association between maternal pregestational BMI and off-
spring’s nutritional status. Although more evidence is
needed to clarify dose–response relationship and assess
the association of other exposures, including paternal fac-
tors, these findings reinforce the importance of promoting
healthy lifestyles in pregnant women in order to prevent
childhood obesity.
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