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Ana Fernandez-Somoano, Jesus Ibarluzea, Nerea Lertxundi, Mario Murcia,

Marisa Rebagliato, Adonina Tardon, Jordi Sunyer, Martine Vrijheid, on behalf of

the INMA Project, Maternal pre-pregnancy obesity and neuropsychological

development in pre-school children: A prospective cohort study, Pediatric

Research accepted article preview 11 May 2017; doi: 10.1038/pr.2017.118.

This is a PDF file of an unedited peer-reviewed manuscript that has been accepted

for publication. NPG are providing this early version of the manuscript as a service

to our customers. The manuscript will undergo copyediting, typesetting and a proof

review before it is published in its final form. Please note that during the production

process errors may be discovered which could affect the content, and all legal

disclaimers apply.

Received 31 October 2016; accepted 9 April 2017; Accepted article preview online
11 May 2017

©    2017 Macmillan Publishers Limited. All rights reserved.



1 
 

Maternal pre-pregnancy obesity and neuropsychological development in pre-

school children: a prospective cohort study 

 

Running title: Maternal obesity and neurodevelopment 

 

List of authors 

Maribel Casas
1,2,3,*

, Joan Forns
1,2,3,4

, David Martínez
1,2,3

, Mònica Guxens
1,2,3,5

, Ana 

Fernandez-Somoano
3,6,7

, Jesus Ibarluzea
3,8,9

, Nerea Lertxundi
9,10

, Mario Murcia
3,11

, 

Marisa Rebagliato
3,11,12

, Adonina Tardon
6,7,3

, Jordi Sunyer
1,2,3

, Martine Vrijheid
1,2,3

 on 

behalf of the INMA Project 

 

Authors’ institutional affiliations 

1
ISGlobal, Centre for Research in Environmental Epidemiology (CREAL), Barcelona, 

Spain  

2
Universitat Pompeu Fabra (UPF), Barcelona, Spain 

3
CIBER Epidemiología y Salud Pública (CIBERESP), Madrid, Spain  

4
Department of Genes and Environment, Division of Epidemiology, Norwegian 

Institute of Public Health, Oslo, Norway 

5
Department of Child and Adolescent Psychiatry/Psychology, Erasmus University 

Medical Centre–Sophia Children’s Hospital, Rotterdam, The Netherlands 

6
Instituto Universitario de Oncología del Principado de Asturias (IUOPA) - Obra Social 

Cajastur, Spain 

7
Department of Preventive Medicine and Public Health, University of Oviedo, Spain 

8
Subdirección de Salud Pública de Gipuzkoa. The Basque Government's Health 

Department, Donostia-San Sebastian, Spain 

©    2017 Macmillan Publishers Limited. All rights reserved.



2 
 

9
Instituto de Investigación Sanitaria (BioDonostia), Donostia-San Sebastian, Spain 

10
University of the Basque Country (EHU/UPV), Donostia-San Sebastian, Spain 

11
FISABIO–Universitat de València–Universitat Jaume I Joint Research Unit of 

Epidemiology and Environmental Health, Valencia, Spain 

12
Universitat Jaume I, Castelló de la Plana, Spain 

 

Corresponding author: Dr Maribel Casas, ISGlobal, Centre for Research in 

Environmental Epidemiology (CREAL); Universitat Pompeu Fabra (UPF); CIBER 

Epidemiología y Salud Pública (CIBERESP-ISCIII), Madrid, Spain, Doctor Aiguader, 

88, 08003 Barcelona. Tel. +34 932 147 364 | Fax +34 932 147 301. Email: 

maribel.casas@isglobal.org   

 

Statement of financial support: INMA-Asturias: This study was funded by grants 

from Instituto de Salud Carlos III (Red INMA G03/176 and CB06/02/0041), FIS-

PI0/42018, FIS-PI09/02311, FIS-PI13/02429, incl. FEDER founds, Obra Social 

Cajastur/Fundación Liberbank and Universidad de Oviedo. INMA-Gipuzkoa: This 

study was funded by grants from Instituto de Salud Carlos III (FIS-PI06/0867, FIS-

PS09/00090 and FIS-PI13/02187), Department of Health of the Basque Government 

(2005111093, 2009111069 and 2013111089), the Provincial Government of Gipuzkoa 

(DFG06/004 and DFG08/001), and annual agreements with the municipalities in the 

study area (Zumarraga, Urretxu, Legazpi, Azkoitia, Azpeitia, and Beasain). INMA-

Sabadell: This study was funded by grants from Instituto de Salud Carlos III (Red 

INMA G03/176, CB06/02/0041, PI041436, PI081151 incl. FEDER founds), Generalitat 

de Catalunya-CIRIT 1999SGR 00241, Fundació La marató de TV3 (090430). INMA-

Valencia: This study was funded by grants from European Union (FP7-ENV-2011 cod 

©    2017 Macmillan Publishers Limited. All rights reserved.

mailto:maribel.casas@isglobal.org


3 
 

282957 and HEALTH.2010.2.4.5-1), and from Spain: Instituto de Salud Carlos III (Red 

INMA G03/176, CB06/02/0041, FIS-FEDER 03/1615, 04/1509, 04/1112, 04/1931, 

05/1079, 05/1052, 06/1213, 07/0314, 09/02647, 11/0178, 11/01007, 11/02591, 

11/02038, 13/1944, 13/2032, 14/0891, and 14/1687) and the Conselleria de Sanitat, 

Generalitat Valenciana. Mònica Guxens is funded by a Miguel Servet fellowship 

(MS13/00054) awarded by the Spanish Institute of Health Carlos III (Ministry of 

Economy and Competitiveness). Maribel Casas is funded by a Sara Borrell postdoctoral 

fellowship (CD12/00563) awarded by the Spanish Institute of Health Carlos III 

(Ministry of Economy and Competitiveness). 

 

Category of study: population study 

 

Conflict of interest: nothing to declare 

 

 

 

  

  

©    2017 Macmillan Publishers Limited. All rights reserved.



4 
 

ABSTRACT  

Background: Maternal pre-pregnancy obesity may impair infant neuropsychological 

development, but it is unclear if intrauterine or confounding factors drive this 

association.  

Methods: We assessed whether maternal pre-pregnancy obesity was associated with 

neuropsychological development in 1,827 Spanish children. At 5 years, cognitive and 

psychomotor development was assessed using McCarthy Scales of Children’s Abilities, 

attention deficit hyperactivity disorder (ADHD) symptoms using the Criteria of 

Diagnostic and Statistical Manual of Mental Disorders, and autism spectrum disorder 

symptoms using the Childhood Asperger Syndrome Test. Models were adjusted for 

socio-demographic factors and maternal intelligence quotient. We used paternal obesity 

as negative control exposure since it involves the same source of confounding than 

maternal obesity.  

Results: The percentage of obese mothers and fathers was 8% and 12%, respectively. In 

unadjusted models, children of obese mothers had lower scores than children of normal 

weight mothers in all McCarthy subscales. After adjustment, only the verbal subscale 

remained statistically significantly reduced (β: -2.8; 95%CI: -5.3, -0.2). No associations 

were observed among obese fathers. Maternal and paternal obesity were associated with 

an increase in ADHD-related symptoms. Parental obesity was not associated with 

autism symptoms.  

Conclusion: Maternal pre-pregnancy obesity was associated with a reduction in 

offspring verbal scores at pre-school age.  
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INTRODUCTION 

The prevalence of overweight and obesity is rapidly increasing worldwide and over 

30% of women of childbearing age are obese, an important risk factor for a range of 

pregnancy and child health outcomes.(1) Chronic low-grade inflammation during 

pregnancy, an important characteristic of obesity, can affect brain development and 

function and cause neuropsychological disabilities, including cognitive and behavioral 

alterations, in the offspring.(2,3) Animal studies have shown that maternal diet-induced 

obesity is associated with alterations in maze performance (4) and hyperactivity in the 

offspring (2) and to elevations in inflammatory markers in the brain and morphological 

changes in hippocampal neurons with shorter and decreased number of neurons.(5) 

Besides inflammation, other biological mechanisms trough which maternal obesity can 

influence child neurodevelopment include leptin, an hormone produced by the adipose 

tissue, and which has been involved in mood disturbances, thyroid dysfunction, nutrient 

deficits such as vitamin D or folic acid, and neurotoxins present in the adipose tissue 

(i.e. mercury, persistent organic pollutants).(6)  

 

The majority of epidemiological studies suggest that the offspring of women who are 

overweight or obese before pregnancy are at increased risk for cognitive deficits and 

behavioral problems in childhood and adolescence.(6–28) Regarding cognitive deficits, 

in the UK Millennium Cohort Study for example, a 10-point increase in maternal pre-

pregnancy body mass index (BMI) was associated with a decrease of 1.5 points of 

children’s general cognitive ability at 7 years (n=10,000 children).(13) A recent study in 

the Rhea cohort in Greece, maternal obesity (BMI≥30 kg/m
2
) was associated with a 

reduction of 4 points of general cognitive ability at 4 years (n=772).(28) Regarding 

behavioral problems, a study in the Raine Australian cohort, maternal pre-pregnancy 
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overweight and obesity was associated with higher odds of affective problems between 

the ages of 5 and 17 years (OR: 1.72, 95% CI: 1.11, 2.67) (n=2,868).(20) Another study 

in US observed that very obese women (BMI≥35 kg/m
2
) had increased odds of 

psychosocial problems including attention-deficit/hyperactivity disorder diagnosis 

(4.55, 95% CI: 1.80, 11.46) and autism or developmental delay diagnosis (3.13, 95% 

CI: 1.10, 8.94) (n=1,311).(24) Most of these studies however, have not been able to 

disentangle whether the observed associations were due to a causal intrauterine 

mechanism or residual confounding due to shared family and socioeconomic contexts. 

If this association is causal, this will represent a serious public health concern given the 

high impact that both obesity and neuropsychological disabilities have globally. 

 

Causal inference can be strengthen by using approaches that minimize problems of 

residual confounding collecting data on parents and other family members. The paternal 

comparison approach for example, uses the father as negative control: a maternal 

intrauterine effect would produce stronger associations than the paternal effect. The 

sibling comparison approach compares siblings whose mother were obese and non-

obese before pregnancy and assumes that familial background will generally be similar 

between them.(29) Few studies so far have used these approaches. Among the studies 

that used the maternal-paternal comparison approach (9,15–17,20,28) only three found 

that the association between BMI and mental development was stronger than the 

paternal one.(15,20,28) Similarly, only one of the two studies that used the sibling 

approach (18,19) showed that maternal obesity was associated with lower child 

intelligence quotient (IQ) after sibling comparison,(19) Given the inconsistency of 

results between studies, more research is needed to understand whether intrauterine 

mechanisms or confounding factors drive this association.  

©    2017 Macmillan Publishers Limited. All rights reserved.
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In this study we assessed whether maternal pre-pregnancy overweight and obesity were 

associated with cognitive, psychomotor, and behavioral development of pre-school 

children from the Spanish INMA birth cohort. We used paternal BMI as a negative 

control exposure because it involves the same source of confounding than maternal 

obesity but not the hypothesized causal intrauterine mechanisms.  
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METHODS 

Study participants 

The population-based birth cohort INMA (INfancia y Medio Ambiente - Environment 

and Childhood) recruited pregnant women of general population in different Spanish 

regions (Asturias, Gipuzkoa, Sabadell, and Valencia) between 2003 and 2008 following 

a common protocol.(30) Inclusion criteria were: age ≥16 years, singleton pregnancy, no 

assisted conception, intention to deliver at the reference hospital and no communication 

problems.(30) Women included were similar to the Spanish general population in terms 

of maternal age at delivery, maternal education, and maternal country of birth (data not 

shown). The study was approved by the Ethical Committees of the centers involved in 

the study and participants provided written informed consent. 

 

Among the 2,644 pregnant women initially recruited, 89 did not have data on maternal 

or paternal BMI and were excluded from the analysis (Supplementary Figure S1). 

Women who underwent induced or spontaneous abortions or fetal deaths (n=96), 

children whose parents did not give written informed consent for the 5 years visit 

(n=332) and those who participated in that visit but did not conduct any of the 

neuropsychological tests (n=300), were also excluded. Therefore, a total of 1,827 

children undertook at least one neuropsychological development test at around 5 years 

of age (mean: 4.8 years, standard deviation (SD): 0.6) and were included in the current 

analysis. This corresponds to a retention rate of 69%. 

 

Maternal and paternal overweight and obesity  

Maternal height was measured and maternal pre-pregnancy weight was reported by the 

mother during the first prenatal visit (mean: 13.9 weeks of gestation, SD: 2.8). Mothers 
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also reported paternal weight and height. Parental pre-pregnancy BMI (kg/m
2
) was 

classified into underweight (<18.5 kg/m
2
), normal weight (18.5-24.9 kg/m

2
), overweight 

(25.0-29.9 kg/m
2
), and obese (≥30.0 kg/m

2
) according to World Health Organization 

classification.  

 

Children’s neuropsychological development 

Cognitive and motor development was assessed using the MSCA adapted to the Spanish 

population.(31) The global cognitive index and 5 subscales (verbal, performance, 

quantitative, memory, and motor) were examined. Raw MSCA scores were 

standardized having a mean of 100 and a SD of 15. Tests were performed at the primary 

health centre, in the presence of the mother, by trained psychologists. To avoid inter-

observer variability, a strict protocol was applied including inter-observer trainings 

(inter-observer variability <5%). Also, tests of children that during the test performance 

presented less than optimal cooperation, behavioral problems or were under influential 

conditions were excluded (n=18). We assessed the internal consistency of MSCA 

subscales by using the Cronbach’s alpha coefficient obtaining values ranging from 0.64 

(motor) to 0.90 (global cognitive index) (Supplementary Table S1). 

 

Inattention and hyperactivity/impulsivity symptomatology was assessed using the 

ADHD – Criteria of Diagnostic and Statistical Manual of Mental Disorders – 4th 

Edition (ADHD-DSM-IV) form.(32) The ADHD-DSM-IV comprises 18 items 

categorized in inattention (9 symptoms) and hyperactivity (9 symptoms). Each ADHD 

symptom is rated on a 4-point scale (0 = never or rarely, 1 = sometimes, 2 = often, or 3 

= very often). Autism spectrum disorder symptoms were assessed using the Childhood 

Asperger Syndrome Test (CAST).(33) This questionnaire consists of 37 items; each 

©    2017 Macmillan Publishers Limited. All rights reserved.
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question can be scored with 0 or 1 points, except for 6 questions that do not score. The 

ADHD-DSM-IV form was completed by teachers whereas the CAST test was 

completed by trained psychologist after observing the child and interviewing the 

parents. It is important to note that the 18 children that were excluded from the MSCA 

tests due to less than optimal cooperation were not a priori excluded from the ADHD-

DSM-IV and CAST analyses. Internal consistency of ADHD-DSM-IV was 0.92 

(inattention) and 0.90 (hyperactivity), and of CAST 0.64 (Supplementary Table S1). 

 

Covariates 

Information on covariates was obtained by questionnaires completed by the mothers and 

conducted face-to-face by trained interviewers during the first and third trimesters of 

pregnancy (parental age, education, and social class, maternal country of birth, smoking, 

parity, marital status, and employment status), at 1 year of the child (breast feeding 

duration, maternal employment status, daycare attendance, and main child minder), and 

at 5 years of the child (maternal employment status, number of people living with the 

child, physical activity, and hours of television viewing of the child). Parental social 

class was coded according to the International Standard Classification of Occupations-

88 system. Five categories of occupational class (I being the highest and V the lowest) 

were considered: I, managers of companies with 10 or more employees, senior technical 

staff, and higher level professionals; II, managers of companies with less than 10 

employees, and intermediate level professionals; III, financial management, 

administrative and other support staff, other self-employed professionals, supervisors of 

manual workers, and skilled nonmanual workers; IV, skilled and partly skilled manual 

workers; and V, unskilled manual workers. We grouped the five levels into three: semi-

skilled/unskilled (IV and V), skilled manual/non-manual (III), and professionals and 

©    2017 Macmillan Publishers Limited. All rights reserved.



11 
 

managers (I–III). Maternal weight throughout pregnancy was extracted from prenatal 

visit records and used to estimate gestational weight gain (first weight measured at 

around 12 gestational weeks and last weight measured at 39 gestational weeks). Weight 

gain was then classified as low, recommended, and high based on U.S. Institute of 

Medicine guidelines. Sex of the child, birth weight, and gestational age were also 

obtained from clinical records. An indicator of maternal verbal IQ and maternal mental 

health were assessed using the Similarities subtest of the Weschler Adult Intelligence-

Third Edition (WAIS-III) (34) and the global severity index assessed by Symptom 

Checklist 90 Revised (SCL-90-R) (35) respectively, at 5 years of the child. Weight and 

height of the child was measured at 5 years and BMI was used to estimate age- and sex-

specific z-scores. Children with BMI ≥85th percentile were classified as overweight.  

 

Statistical analysis   

We performed multiple imputation for missing values using chained equations where a 

total of 50 completed datasets were generated, separately for each INMA cohort 

(Supplementary Table S2). Distributions in imputed datasets were similar to those 

observed (Supplementary Table S3). Analyses were performed in both complete case 

and imputed datasets.  

 

Multivariable linear regression models were used to assess the association between 

maternal pre-pregnancy overweight and obesity and MSCA scores, and negative 

binomial regression models were used to assess the association with ADHD-DSM-IV 

and CAST scales. First, models were adjusted for age and sex of the child (Model 1). 

Secondly, a set of socioeconomic variables were included: maternal and paternal 

education and social class (Model 2). Thirdly, covariates associated with maternal and 
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paternal BMI and at least one neuropsychological test (McCarthy global cognitive 

index, ADHD, and CAST) (P < 0.05) were included in the model: maternal age, parity, 

maternal employment status during pregnancy, and maternal IQ. To minimize the 

residuals of the model we also included covariates that were only associated with the 

outcome: maternal employment status at 5 years, breast feeding duration, daycare 

attendance, and child physical activity (Model 3). Finally, a fourth model included 

paternal BMI categories (Model 4), as previously suggested.(29) Models 1-3 were 

repeated using maternal BMI as continuous variable. We also repeated all these models 

using paternal rather than maternal overweight and obesity as independent variable.  

 

Standardized effect size (Cohen’s d) was calculated dividing the β coefficients by one 

SD (magnitude of effect size: 0.20 = small, 0.50 = moderate, 0.80 = large). Further, 

effect modification by gestational weight gain categories was assessed through 

inclusion of the interaction terms in Model 3 (statistically significant effect modification 

if P < 0.05) and stratified analyses. For the majority of women (n=1,563) we had 

available weight measured during the first prenatal visit (≤12 pregnancy weeks) and we 

therefore repeated Model 3 using measured instead of self-reported maternal weight to 

see if this influence our results. We also repeated Model 3 excluding mothers who did 

not live with the father to evaluate the validity of maternal report of paternal BMI. 

There is a growing evidence of a possible association between overweight children and 

poor cognitive function (36) we hence, excluded children classified as overweight at 5 

years of age to see whether being overweight at the time of outcome assessment could 

influence the associations observed with maternal pre-pregnancy obesity. All statistical 

analyses were conducted with Stata 14.0 statistical software (Stata Corporation, College 

Station, Texas).   

©    2017 Macmillan Publishers Limited. All rights reserved.
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RESULTS 

Nineteen percent and 8% of mothers were overweight and obese, respectively, and 44% 

and 12% of fathers were overweight and obese, respectively (Table 1). Four percent and 

1% of mothers and fathers were underweight. Compared to normal weight mothers, 

overweight and obese mothers were more likely to have a lower education, social class 

and IQ, and to be smokers, multiparae, and non-employed (Table 1). Children from 

obese and overweight mothers were more likely to be breastfed shorter and to not attend 

day-care during the first year of life. Paternal obesity was more prevalent in higher 

educational and social classes but overweight was relatively evenly distributed (Table 

1). Cognitive and behavioral outcomes were generally worse among lower social and 

educational classes, non-working mothers, and smokers, and children who breastfed less 

(Supplementary Table S4). Cohort participants included in the analysis were older and 

had higher education and social class levels than excluded participants (Supplementary 

Table S5). 

 

Children of obese mothers had lower scores in all the McCarthy Scales of Children’s 

Abilities (MSCA) subscales compared to children of normal weight mothers in the 

unadjusted Model 1, although not all associations reached statistical significance (e.g. 

verbal: -5.18 points, 95% CI: -7.82, -2.54; motor: -2.62, 95% CI: -5.29, 0.06) (Table 2). 

After adjustment for socioeconomic and other covariates only the reduction in the 

verbal subscale remained statistically significant (-2.76, 95% CI: -5.33, -0.19) (Model 3, 

Table 2). This association corresponded to a Cohen’s d of -0.18 (95% CI: -0.36, -0.01) 

indicating a small effect size. Adjusting for paternal BMI had only very small effects 

(Model 4 Tables 2). We also observed a reduction in MSCA scores with increasing 

continuous BMI, but none of these associations remained statistically significant after 
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adjusting for socioeconomic and other covariates (Table 2). No associations were 

observed among underweight or overweight mothers (Table 2). A reduction in MSCA 

scores was also observed among children of obese fathers but associations were no 

longer significant after adjusting for socioeconomic variables (Table 3). We also did not 

observe any association between underweight or overweight fathers and child MSCA 

subscales (Table 2). Complete case analyses yielded similar results for both maternal 

and paternal models (Supplementary Tables S6 and S7).  

  

Obese and underweight mothers had children with higher inattention and hyperactivity 

symptoms, respectively, than normal weight mothers (Table 4). Similarly, children of 

underweight and obese fathers had higher attention deficit hyperactivity disorder 

(ADHD)-related symptoms than children of normal weight fathers. None of these 

associations however, reached statistical significance. Adjustment for socioeconomic 

and other covariates did not change the effect estimates (Table 4). Neither maternal nor 

paternal BMI was associated with autism-related symptoms (Table 4). Complete case 

analyses yielded similar results for both maternal and paternal models but associations 

were statistically significant (Supplementary Table S8). In the complete case analysis 

we also observed higher autism-related symptoms among children of overweight fathers 

(Supplementary Table S8). 

 

No evidence for interaction was shown between gestational weight gain and maternal 

obesity on verbal scores (P interaction = 0.39). When we considered measured maternal 

weight instead of self-reported (n=1,563), results of maternal obesity with verbal 

cognitive scores were attenuated (self-reported: -2.73 [-5.51, 0.05]; measured: -0.66 [-

3.36, 2.04]). This is due to women who had a BMI close to 30 and were initially 
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classified as overweight but then classified as obese when measured weight was 

considered. However, results of BMI in continuous did not change (self-reported: -0.17 

[-0.34, 0.01]; measured: -0.16 [-0.33, 0.01]). Only one obese mother was not living with 

the father at the moment of recruitment and therefore the coefficient did not change 

after excluding this woman (not shown). Fifteen percent of the children were 

overweight at 5 years of age and after excluding them from the analysis the coefficient 

for the verbal score did not change (not shown).  
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DISCUSSION 

In this study we found an association between maternal pre-pregnancy obesity and 

reduced child’s verbal cognitive scores at pre-school age. Reductions observed in other 

cognitive domains in the offspring of obese mothers appeared to be largely explained by 

socioeconomic confounding. Paternal BMI did not influence the maternal BMI 

associations with cognitive scores, and was not associated with cognitive scores after 

adjustment for socioeconomic variables. Maternal and paternal underweight and obesity 

were associated with an increase in ADHD-related symptoms at pre-school age, but 

associations did not reach statistical significance. Neither maternal nor paternal BMI 

was associated with autism symptoms. 

 

Up to now, fifteen studies have examined cognitive and psychomotor outcomes in 

relation to maternal weight status before pregnancy.(7,9–15,17,19,22,23,26–28) The 

majority of previous studies suggest an association between maternal obesity, but not 

maternal overweight, and reduced offspring cognitive ability; psychomotor 

development is generally not affected.(7,10–15,19,23) This is in agreement with our 

results showing a reduction in verbal cognitive and not psychomotor scores in obese 

women only. These studies however, differ in terms of how maternal BMI was treated 

(in continuous or overweight/obesity separated or combined) and reported (prospective 

or retrospective), the neuropsychological development instruments used, evaluators, and 

age at assessment, and the confounders considered. Further, most of them could not 

examine whether these associations were due to intrauterine biological mechanisms or 

to residual confounding. Huang et al (19) using a sibling-comparison design could 

conclude that maternal obesity had a major role on child’s IQ, particularly on verbal IQ 

scale, than familial and genetic factors that siblings share. In a recent study in the Rhea 
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Greek cohort, with higher obesity rates than in INMA, a reduction in multiple MSCA 

scales was observed in children of obese mothers; no associations were observed with 

paternal obesity.(28) They observed a reduction in performance, quantitative, and global 

cognitive index scores of higher magnitude than in INMA. It is important to note that 

although the reduction of 2 points in the verbal MSCA scores observed in our study 

might not be relevant at the individual level, the public health impact of this reduction is 

of concern both in terms for the clinical relevance, since more children will be below 

the normal range, and for the resulting economic costs.  

 

Results of the present study are similar to those observed in the same cohort at 1 year of 

age.(15) At 1 year, we observed a reduction in cognitive scores of the Bayley Scales of 

Infant Development (BSID) of similar magnitude as the reduction in the MSCA verbal 

scores reported here (Model 3: 1 year cognitive score: -2.69, 95% CI: -5.27, -0.11; 5 

years verbal score: -2.76, 95% CI: -5.33, -0.19). This reduction was also observed after 

controlling for socioeconomic factors. The BSID cognitive subscale score comprises 

performance abilities, memory, and first verbal learning. In our cohort, the 1-year BSID 

cognitive score was only modestly correlated with the 4-years MSCA subscales (e.g. 

Pearson’s verbal subscale r = 0.23; p < 0.001). Previous studies have also reported low 

predictive validity of the BSID test (37) suggesting that children who had poor BSID 

cognitive scores at 1 year will not necessarily have poor MSCA scores at age 4. 

Cognitive development continues until early adulthood and its evaluation at early ages 

might reflect an intermediate stage of development when measurements might have 

more variability. Children develop more cognitive abilities over the years, and these 

abilities can be assessed with more specific instruments at older ages. Studies at older 
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ages are therefore needed to confirm whether the reduction in cognitive scores observed 

in the present study persists and which are the domains mostly affected. 

 

Only three other previous studies assessed neuropsychological development in different 

follow-up periods during childhood and adolescence.(9,23,27) One of these observed 

poorer cognitive outcomes at each age (23) whereas another one observed higher 

cognitive scores associated with maternal obesity only in the first follow-up.(27) These 

studies however, did not use parental- or sibling-comparison approaches. Only one 

study (9) used the paternal approach but did not find any evidence of reduction in 

cognitive ability at different ages throughout childhood. In the current study we used the 

paternal comparison approach and confirmed a reduction in cognitive scores associated 

with maternal BMI at two different ages during childhood. It is important to note that 

socioeconomic factors were associated with both maternal and paternal obesity, 

suggesting that father’s BMI was a good negative control. Indeed, we observed a 

stronger effect of maternal than paternal obesity on child cognitive development, 

suggesting that a maternal mechanism is more likely to explain this association. This 

mechanism could be direct, reflecting an intrauterine biological mechanism, or indirect, 

reflecting the greater role of mother in childhood caregiver and nutrition. Although we 

considered some of these postnatal factors such as daycare attendance or maternal 

employment status during childhood, we cannot rule out residual confounding. 

 

Thirteen studies have assessed whether maternal pre-pregnancy obesity is associated 

with increased behavioral and developmental problems in the offspring 

(6,8,9,14,16,18,20–22,24–26,28) and most of them found that maternal obesity was 

associated with an increase in ADHD- and autism-related symptoms during 
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childhood.(6,8,14,20–22,24,25,28) However, most of them did not use familial 

comparison approaches and this may lead to an overestimation of the risk associated 

with maternal obesity. Among studies using the familial comparison approaches, two 

studies did not find any associations(9,18) whereas three others observed an increase in 

behavioral problems associated with obesity of the mother (20,21,28) or the father.(16) 

In the present study we found that offspring of underweight and obese mothers and 

fathers had an increase in ADHD-related symptoms. Associations of mothers and 

fathers were of similar magnitude and even stronger for the father. The paternal 

associations may indicate residual confounding due to shared familial factors such as 

attachment or playing behavior that can influence behavioral problems in the offspring 

and have not been considered in our analysis.  

 

Physiological mechanisms underlying obesity-related neuropsychological disabilities in 

the offspring are still unknown but there is increasing evidence for a role of 

inflammatory processes.(3) Obesity is associated with elevated inflammatory markers 

derived from the increased adipose tissue and the instauration of a low-grade 

endotoxemia due to the increased permeability of the intestinal wall.(3) These 

inflammatory markers can be transferred to the offspring brain and induce a 

neuroinflammatory process activating microglia and impairing neuroendocrine activity, 

neurotransmitter function, and neurocircuitry. These brain alterations can disrupt the 

normal fetal brain development trajectory and produce long-term consequences and 

predict neurobehavioral disorders and cognitive impairment of the offspring.(2,3) Other 

potential mechanisms involve thyroid dysfunction, nutritional deficiencies such as 

vitamin D or folic acid, reduced birth weight, child overweight/obesity, or lipophilic 

environmental neurotoxicants.(38) Hormone levels (e.g. insulin and leptin) and 
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epigenetic alterations could also play a role.(38) Given the complex physiology linked 

to obesity status during pregnancy, it is possible that one or more of these potential 

mechanisms underlie the infant verbal cognitive impairment observed in the present 

study. 

 

The main strength of our study is the use of maternal-paternal comparison design and 

the similarity of results observed at earlier ages in the same cohort. Another strength is 

the use of validated psychologist-, teacher-, and parent-reported neuropsychological 

tools. An additional strength is the inclusion of a large set of potential confounders. 

However, some methodological aspects need to be addressed. First, our study has a 

small sample size including only 143 obese women; this may have hindered the 

observation of statistically significant associations in the other cognitive domains. 

Another limitation is related to the assessment of maternal obesity since BMI might not 

represent an optimal proxy for obesity-related physiological conditions. Inflammatory 

markers in obesity for example, correlate better with measures of central adiposity, such 

as waist circumference and waist-to-hip ratio, rather than with the general measure of 

BMI.(39) Third, paternal BMI was reported by the mother. All but one of the obese 

mothers lived with the baby’s father, somewhat reducing the likelihood of erroneous 

reporting. Further, we assume that maternal and paternal BMI misclassification is likely 

to be non-differential and would thus bias the associations towards the null. Fourth, in 

our population lower education and social class, and shorter during of breastfeeding are 

linked to being obese before pregnancy and to a lower cognitive scores; thus, the most 

susceptible mother-child pairs could have been excluded from analysis. Finally, given 

the multiple comparisons involved performed we cannot rule-out the possibility of 

chance finding. To avoid errors due to false-positive statistically significant associations 
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(type I errors) we emphasized those results that persisted after considering all potential 

confounders and interpreted the consistency of results with other studies.(19,28) We did 

not apply statistical correction for multiple comparisons because this would increase 

type II errors, false negative findings, arguably more serious in public health 

research,(40) and it also assumes variability in all results to be random,(40) which may 

not the case since maternal and paternal weight statuses are related, as are the different 

neuropsychological tests. 

 

Although the majority of studies, including the present one, have reported an 

association of maternal obesity on cognitive development outcomes in children, a 

definitive causal association still needs to be proven. Since each study design has 

unique biases that, alone, cannot be sufficient for strong inference, the combination of 

different study designs might be needed to prove causation. This might include 

mendelian randomization studies or cross-cohort comparisons where confounding 

structures for obesity or child cognition differ systematically across populations. 

 

CONCLUSION 

In this study we found little evidence of an association between maternal pre-pregnancy 

obesity and neuropsychological development at pre-school age. Maternal pre-pregnancy 

obesity may be associated with a small reduction in offspring verbal cognitive scores. 

Associations for ADHD symptoms are likely to be attributable to residual confounding. 
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Table 1 Parent and Child Characteristics by Parental Weight Status (n = 1.827)  

Characteristics 

Mothers  Fathers 

Underweight Normal Overweight Obese  Underweight Normal Overweight Obese 

75 (4%) 
1266 

(69%) 
343 (19%) 

143 

(8%) 
 6 (1%) 

745 

(43%) 
811 (44%) 

225 

(12%) 

Maternal 

characteristics 
         

Age at delivery          

<25 years 4 (6.4) 
41 

(65.1) 
11 (17.5) 

7 

(11.1) 
 1 (1.6) 

42 

(66.7) 
16 (25.4) 

4 

(6.4) 

25-29 years  32 (7.0) 
319 

(69.8) 
69 (15.1) 

37 

(8.1) 
 1 (0.2) 

204 

(44.6) 
196 (42.9) 

56 

(12.3) 

30-34 years  21 (2.5) 
605 

(70.8) 
164 (19.2) 

65 

(7.6) 
 3 (0.4) 

361 

(42.2) 
391 (45.7) 

100 

(11.7) 

≥35 years  18 (4.0) 
298 

(66.4) 
99 (22.1) 

34 

(7.6) 
 1 (0.2) 

177 

(39.4) 
206 (45.9) 

65 

(14.5) 

Missing data, n 0 3 0 0  0 1 2 0 

Social class          

Semi-

skilled/Unskilled  
43 (4.9) 

577 

(65.1) 
180 (20.3) 

86 

(9.7) 
 5 (0.6) 

348 

(39.3) 
391 (44.1) 

142 

(16.0) 

Skilled 

manual/non-

manual  

17 (3.4) 
361 

(71.9) 
89 (17.7) 

35 

(7.0) 
 1 (0.2) 

217 

(43.2) 
229 (45.6) 

55 

(11.0) 

Professionals and 

managers  
15 (3.4) 

327 

(74.7) 
74 (16.9) 

22 

(5.0) 
 0 (0.0) 

220 

(50.2) 
190 (43.4) 

28 

(6.4) 

Missing data, n 0 1 0 0  0 0 1 0 

Education          

Primary or less 16 (4.3) 
223 

(59.3) 
87 (23.1) 

50 

(13.3) 
 1 (0.3) 

157 

(41.8) 
157 (41.8) 

61 

(16.2) 

Secondary 36 (4.7) 
513 

(66.7) 
158 (20.6) 

62 

(8.1) 
 3 (0.4) 

312 

(40.6) 
344 (44.7) 

110 

(14.3) 

University 

degree 
23 (3.4) 

527 

(77.6) 
98 (14.4) 

31 

(4.6) 
 2 (0.3) 

315 

(46.4) 
308 (45.4) 

54 

(8.0) 

Missing data, n 0 3 0 0  0 1 2 0 

Smoking          

Never smoke 29 (3.5) 
577 

(68.9) 
161 (19.2) 

70 

(8.4) 
 2 (0.2) 

344 

(41.1) 
380 (45.4) 

111 

(13.3) 

Quit early 

pregnancy 
27 (4.0) 

494 

(72.8) 
111 (16.4) 

47 

(6.9) 
 3 (0.4) 

310 

(45.7) 
298 (43.9) 

68 

(10.0) 

During 

pregnancy 
19 (7.0) 

167 

(61.2) 
62 (22.7) 

25 

(9.2) 
 1 (0.4) 

112 

(41.0) 
116 (42.5) 

44 

(16.1) 

Missing data, n 0 28 9 1  0 19 17 2 

Parity          

Primiparae 44 (4.2) 
756 

(72.2) 
173 (16.5) 

74 

(7.1) 
 3 (0.3) 

482 

(46.0) 
458 (43.7) 

104 

(9.9) 

Multiparae 30 (3.9) 
509 

(65.4) 
170 (21.9) 

69 

(8.9) 
 3 (0.4) 

303 

(39.0) 
351 (45.1) 

121 

(15.6) 

Missing data, n 1 1 0 0  0 0 2 0 

Employment status 

during pregnancy 
         

No 14 (5.1) 
170 

(61.8) 
58 (21.1) 

33 

(12.0) 
 0 (0.0) 

99 

(36.0) 
121 (44.0) 

55 

(20.0) 

Yes 60 (4.0) 
1069 

(70.7) 
274 (18.1) 

109 

(7.2) 
 6 (0.4) 

668 

(44.2) 
672 (44.4) 

166 

(11.0) 

Missing data, n 1 27 11 1  0 18 18 4 

Employment status at 

5 years 
         

No 26 (5.3) 
318 

(64.9) 
101 (20.6) 

45 

(9.2) 
 0 (0.0) 

189 

(38.6) 
231 (47.1) 

70 

(14.3) 

Yes 46 (3.7) 893 232 (18.4) 90  5 (0.4) 559 549 (43.5) 148 
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(70.8) (7.1) (44.3) (11.7) 

Missing data, n 3 55 10 8  1 37 31 7 

Intelligence quotient 9.2 (2.3) 
9.7 

(2.4) 
9.6 (2.4) 

9.0 

(2.6) 
 10.2 (3.5) 

9.6 

(2.4) 
9.7 (2.4) 

9.1 

(2.4) 

Missing data, n 7 109 16 6  0 64 62 12 

Paternal 

characteristics 
         

Age at child’s birth          

<25 years 1 (3.5) 
19 

(65.5) 
6 (20.7) 

3 

(10.3) 
 1 (3.5) 

23 

(79.3) 
5 (17.2) 

0 

(0.0) 

25-29 years 19 (6.6) 
194 

(67.1) 
54 (18.7) 

22 

(7.6) 
 3 (1.0) 

129 

(44.6) 
121 (41.9) 

36 

(12.5) 

30-34 years 30 (3.9) 
551 

(72.1) 
124 (16.2) 

59 

(7.7) 
 1 (0.1) 

332 

(43.5) 
329 (43.1) 

102 

(13.4) 

≥35 years 24 (3.3) 
498 

(67.5) 
158 (21.4) 

58 

(7.9) 
 1 (0.1) 

297 

(40.2) 
353 (47.8) 

87 

(11.8) 

Missing data, n 1 4 1 1  0 4 3 0 

Social class          

Semi-

skilled/Unskilled  
44 (4.1) 

729 

(67.1) 
217 (20.0) 

96 

(8.8) 
 4 (0.4) 

454 

(41.8) 
471 (43.4) 

157 

(14.5) 

Skilled 

manual/non-

manual  

13 (4.0) 
226 

(70.0) 
61 (18.9) 

23 

(7.1) 
 1 (0.3) 

137 

(42.4) 
149 (46.1) 

36 

(11.2) 

Professionals and 

managers  
15 (3.9) 

290 

(76.1) 
55 (14.4) 

21 

(5.5) 
 0 (0.0) 

181 

(47.5) 
176 (46.2) 

24 

(6.3) 

Others 0 1 (100) 0 0  0 1 (100) 0 0 

Missing data, n 3 20 10 2  1 12 13 7 

Education          

Primary or less 26 (4.3) 
384 

(62.9) 
131 (21.4) 

70 

(11.5) 
 2 (0.3) 

230 

(37.6) 
256 (41.9) 

123 

(20.1) 

Secondary 34 (4.2) 
584 

(72.0) 
142 (17.5) 

51 

(6.3) 
 4 (0.5) 

356 

(43.9) 
372 (45.9) 

79 

(9.7) 

University 

degree 
15 (3.7) 

294 

(73.3) 
70 (17.5) 

22 

(5.5) 
 0 (0.0) 

198 

(49.4) 
180 (44.9) 

23 

(5.7) 

Missing data, n 0 4 0 0  0 1 3 0 

Child characteristics          

Sex          

Female 35 (3.9) 
633 

(71.0) 
167 (18.7) 

56 

(6.3) 
 4 (0.5) 

382 

(42.9) 
406 (45.6) 

99 

(11.1) 

Male 40 (4.3) 
633 

(67.6) 
176 (18.8) 

87 

(9.3) 
 2 (0.2) 

403 

(43.1) 
405 (43.3) 

126 

(13.5) 

Missing data, n  0 0 0  0 0 0 0 

Birth weight 3091 (386) 
3245 

(465) 
3324 (440) 

3383 

(517) 
 3048 (674) 

3237 

(452) 
3279 (462) 

3317 

(504) 

Missing data, n 1 7 0 2  0 3 6 1 

Gestational age 39.5 (1.7) 
39.6 

(1.5) 
39.7 (1.5) 

39.7 

(1.5) 
 39.9 (1.7) 

39.6 

(1.5) 
39.7 (1.5) 

39.5 

(1.6) 

Missing data, n 0 0 0 0  0 0 0 0 

Breast feeding 

duration 
         

<16 weeks 26 (3.8) 
441 

(64.5) 
138 (20.2) 

79 

(11.6) 
 1 (0.2) 

271 

(39.6) 
319 (46.6) 

93 

(13.6) 

≥16 weeks 45 (4.1) 
792 

(72.3) 
198 (18.1) 

61 

(5.6) 
 5 (0.5) 

494 

(45.1) 
471 (43.0) 

126 

(11.5) 

Missing data, n 4 33 7 3  0 20 21 6 

Daycare attendance at 

1 year 
         

No 49 (4.4) 
740 

(66.4) 
226 (20.3) 

99 

(9.0) 
 4 (0.4) 

451 

(40.5) 
513 (46.1) 

146 

(13.1) 

Yes 22 (3.4) 
476 

(74.3) 
104 (16.2) 

39 

(6.1) 
 1 (0.2) 

306 

(47.7) 
265 (41.3) 

69 

(10.8) 

Missing data, n 4 50 13 5  1 28 33 10 

Physical activity at 5          
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years 

Moderately 

active 
28 (4.1) 

473 

(69.1) 
138 (20.2) 

46 

(6.7) 
 0 (0.0) 

306 

(44.7) 
294 (42.9) 

85 

(12.4) 

Active 34 (4.1) 
583 

(70.0) 
149 (17.9) 

67 

(8.0) 
 3 (0.4) 

350 

(42.0) 
382 (45.9) 

98 

(11.8) 

Very active 13 (5.1) 
167 

(65.2) 
52 (20.3) 

24 

(9.4) 
 2 (0.8) 

107 

(41.8) 
112 (43.8) 

35 

(13.7) 

Missing data, n 0 43 4 6  1 22 23 7 

Abbreviations: SD: standard deviation. 

Values are percentages for categorical variables and means (SD) for continuous variables. Row 

percentages 
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Table 2 Association of Maternal Pre-Pregnancy Weight Status with Cognitive and Psychomotor Scores at Pre-School Age 

Test Maternal BMI N 
Model 1

a
  Model 2

b
  Model 3

c
  Model 4

d
 

β (95% CI)  β (95% CI)  β (95% CI)  β (95% CI) 

Global cognitive index          

 Underweight 75 -0.02 [-3.44, 3.40]  0.92 [-2.34, 4.18]  1.28 [-1.94, 4.50]  1.36 [-1.87, 4.59] 

 Normal 1266 ref  ref  ref  ref 

 Overweight 343 -0.33 [-2.11, 1.45]  0.84 [-0.87, 2.56]  1.06 [-0.64, 2.76]  1.00 [-0.71, 2.71] 

 Obese 143 -4.40 [-7.00, -1.80]**  -2.09 [-4.59, 0.42]  -1.51 [-4.00, 0.98]  -1.65 [-4.19, 0.89] 

 Continuous 1827 -0.24 [-0.40, -0.08]**  -0.05 [-0.20, 0.11]  -0.02 [-0.18, 0.13]  -0.02 [-0.18, 0.14] 

Verbal           

 Underweight 75 -0.33 [-3.80, 3.14]  0.42 [-2.94, 3.78]  0.81 [-2.51, 4.13]  0.97 [-2.35, 4.29] 

 Normal 1266 ref  ref  ref  ref 

 Overweight 343 -0.48 [-2.29, 1.33]  0.50 [-1.27, 2.27]  0.69 [-1.07, 2.44]  0.63 [-1.13, 2.39] 

 Obese 143 -5.18 [-7.82, -2.54]**  -3.22 [-5.81, -0.63]*  -2.76 [-5.33, -0.19]*  -2.92 [-5.53, -0.30]* 

 Continuous 1827 -0.29 [-0.46, -0.13]**  -0.13 [-0.29, 0.03]  -0.12 [-0.27, 0.04]  -0.12 [-0.29, 0.04] 

Performance          

 Underweight 75 0.32 [-3.09, 3.73]  1.03 [-2.31, 4.36]  1.22 [-2.10, 4.53]  1.22 [-2.10, 4.54] 

 Normal 1266 ref  ref  ref  ref 

 Overweight 343 -0.40 [-2.17, 1.36]  0.48 [-1.25, 2.22]  0.64 [-1.09, 2.37]  0.63 [-1.11, 2.38] 

 Obese 143 -1.29 [-3.90, 1.32]  0.44 [-2.13, 3.02]  0.86 [-1.72, 3.43]  0.84 [-1.79, 3.46] 

 Continuous 1827 -0.06 [-0.22, 0.10]  0.08 [-0.08, 0.24]  0.10 [-0.06, 0.26]  0.11 [-0.05, 0.28] 

Quantitative           

 Underweight 75 -0.20 [-3.66, 3.25]  0.64 [-2.70, 3.97]  0.92 [-2.40, 4.24]  0.88 [-2.44, 4.20] 

 Normal 1266 ref  ref  ref  ref 

 Overweight 343 0.22 [-1.58, 2.02]  1.20 [-0.55, 2.96]  1.38 [-0.37, 3.13]  1.34 [-0.42, 3.10] 

 Obese 143 -3.72 [-6.35, -1.09]**  -1.85 [-4.42, 0.72]  -1.23 [-3.79, 1.33]  -1.35 [-3.97, 1.26] 

 Continuous 1827 -0.20 [-0.37, -0.04]*  -0.04 [-0.20, 0.12]  -0.01 [-0.17, 0.14]  -0.02 [-0.18, 0.14] 

Memory          

 Underweight 75 -0.37 [-3.86, 3.11]  0.39 [-3.00, 3.78]  0.72 [-2.64, 4.08]  0.74 [-2.62, 4.11] 

 Normal 1266 ref  ref  ref  ref 

 Overweight 343 0.39 [-1.43, 2.20]  1.33 [-0.45, 3.11]  1.50 [-0.27, 3.27]  1.35 [-0.43, 3.13] 

 Obese 143 -3.75 [-6.38, -1.11]**  -1.90 [-4.49, 0.69]  -1.39 [-3.97, 1.19]  -1.80 [-4.43, 0.83] 
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 Continuous 1827 -0.16 [-0.32, 0.00]  -0.00 [-0.17, 0.16]  0.02 [-0.15, 0.18]  -0.00 [-0.17, 0.16] 

Motor           

 Underweight 75 0.38 [-3.12, 3.87]  0.76 [-2.72, 4.24]  0.70 [-2.79, 4.18]  0.69 [-2.80, 4.18] 

 Normal 1266 ref  ref  ref  ref 

 Overweight 343 -0.05 [-1.87, 1.76]  0.46 [-1.37, 2.28]  0.42 [-1.42, 2.25]  0.51 [-1.33, 2.36] 

 Obese 143 -2.62 [-5.29, 0.06]  -1.61 [-4.31, 1.08]  -1.62 [-4.33, 1.09]  -1.35 [-4.10, 1.41] 

 Continuous 1827 -0.11 [-0.28, 0.05]  -0.03 [-0.20, 0.13]  -0.03 [-0.20, 0.14]  -0.02 [-0.19, 0.16] 

Abbreviations: BMI: body mass index; CI: confidence intervals; MSCA: McCarthy Scales of Children’s Abilities. 
a 
Model 1: adjusted for age and sex of the child 

b 
Model 2: model 1 plus maternal and paternal education and social class  

c 
Model 3: model 2 plus maternal age, parity, maternal employment status during pregnancy and at 5 years, maternal IQ, breast feeding duration, daycare attendance, and child 

physical activity 
d 
Model 4: model 3 plus paternal BMI  

*P-value <0.05; **P-value <0.01 
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Table 3 Association of Paternal Pre-Pregnancy Weight Status with Cognitive and Psychomotor Scores at Pre-School Age 

Tests Paternal BMI N 
Model 1

a
  Model 2

b
  Model 3

c
  Model 4

d
 

β (95% CI)  β (95% CI)  β (95% CI)  β (95% CI) 

Global cognitive index          

 Underweight 6 0.32 [-11.48, 12.12]  2.73 [-8.52, 13.98]  2.36 [-8.79, 13.51]  2.78 [-8.40, 13.97] 

 Normal 785 Ref  ref  ref  ref 

 Overweight 811 0.05 [-1.41, 1.51]  0.36 [-1.03, 1.76]  0.65 [-0.73, 2.04]  0.71 [-0.68, 2.10] 

 Obese 225 -2.78 [-4.99, -0.56]*  -0.34 [-2.50, 1.81]  0.32 [-1.82, 2.46]  0.51 [-1.68, 2.69] 

 Continuous 1827 -0.27 [-0.47, -0.07]**  -0.07 [-0.26, 0.12]  -0.01 [-0.20, 0.18]  -0.00 [-0.20, 0.19] 

Verbal           

 Underweight 6 5.10 [-6.86, 17.06]  6.90 [-4.69, 18.50]  6.52 [-4.94, 17.99]  7.39 [-4.10, 18.88] 

 Normal 785 Ref  ref  ref  ref 

 Overweight 811 0.90 [-0.59, 2.38]  1.12 [-0.32, 2.57]  1.33 [-0.10, 2.76]  1.43 [-0.00, 2.87] 

 Obese 225 -2.77 [-5.02, -0.51]*  -0.81 [-3.04, 1.41]  -0.11 [-2.32, 2.10]  0.29 [-1.96, 2.54] 

 Continuous 1827 -0.21 [-0.41, -0.01]*  -0.05 [-0.25, 0.15]  0.01 [-0.19, 0.21]  0.04 [-0.16, 0.25] 

Performance          

 Underweight 6 -3.93 [-15.69, 7.82]  -2.27 [-13.75, 9.22]  -2.22 [-13.69, 9.24]  -2.53 [-14.04, 8.99] 

 Normal 785 ref  ref  ref  ref 

 Overweight 811 -0.35 [-1.80, 1.11]  -0.13 [-1.55, 1.29]  0.14 [-1.28, 1.56]  0.12 [-1.30, 1.55] 

 Obese 225 -1.69 [-3.90, 0.51]  0.08 [-2.12, 2.27]  0.42 [-1.78, 2.62]  0.27 [-1.98, 2.51] 

 Continuous 1827 -0.21 [-0.41, -0.02]*  -0.07 [-0.27, 0.12]  -0.03 [-0.23, 0.16]  -0.06 [-0.26, 0.14] 

Quantitative           

 Underweight 6 -6.17 [-18.07, 5.74]  -3.72 [-15.25, 7.80]  -4.53 [-16.01, 6.95]  -4.29 [-15.81, 7.22] 

 Normal 785 ref  ref  ref  ref 

 Overweight 811 -0.98 [-2.46, 0.50]  -0.66 [-2.09, 0.77]  -0.38 [-1.81, 1.05]  -0.35 [-1.79, 1.08] 

 Obese 225 -2.04 [-4.26, 0.19]  0.20 [-1.99, 2.40]  0.78 [-1.42, 2.97]  0.87 [-1.37, 3.12] 

 Continuous 1827 -0.22 [-0.42, -0.02]*  -0.04 [-0.23, 0.16]  0.02 [-0.18, 0.22]  0.03 [-0.18, 0.23] 

Memory          

 Underweight 6 3.04 [-8.98, 15.07]  4.94 [-6.76, 16.64]  4.27 [-7.37, 15.91]  4.63 [-7.04, 16.31] 

 Normal 785 ref  ref  ref  ref 

 Overweight 811 -0.50 [-2.00, 1.00]  -0.19 [-1.65, 1.27]  0.06 [-1.40, 1.52]  0.10 [-1.36, 1.57] 

 Obese 225 -1.12 [-3.38, 1.13]  0.94 [-1.30, 3.18]  1.51 [-0.73, 3.74]  1.67 [-0.62, 3.95] 
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 Continuous 1827 -0.13 [-0.33, 0.08]  0.05 [-0.15, 0.25]  0.10 [-0.10, 0.30]  0.10 [-0.10, 0.31] 

Motor           

 Underweight 6 -5.32 [-17.36, 6.72]  -4.67 [-16.67, 7.33]  -5.80 [-17.84, 6.25]  -5.42 [-17.51, 6.67] 

 Normal 785 ref  ref  ref  ref 

 Overweight 811 -0.16 [-1.66, 1.33]  -0.05 [-1.54, 1.44]  0.01 [-1.50, 1.51]  0.05 [-1.46, 1.56] 

 Obese 225 -2.04 [-4.33, 0.24]  -1.09 [-3.41, 1.23]  -1.13 [-3.47, 1.21]  -0.96 [-3.35, 1.42] 

 Continuous 1827 -0.18 [-0.38, 0.03]  -0.10 [-0.30, 0.11]  -0.09 [-0.30, 0.12]  -0.09 [-0.30, 0.13] 

Abbreviations: BMI: body mass index; CI: confidence intervals; MSCA: McCarthy Scales of Children’s Abilities. 
a 
Model 1: adjusted for age and sex of the child 

b 
Model 2: model 1 plus maternal and paternal education and social class  

c 
Model 3: model 2 plus maternal age, parity, maternal employment status during pregnancy and at 5 years, maternal IQ, breast feeding duration, daycare attendance, and child 

physical activity 
d 
Model 4: model 3 plus maternal BMI  

*P-value <0.05; **P-value <0.01 
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Table 4 Association of Maternal and Paternal Pre-Pregnancy Weight Status with Behavioral Outcomes at Pre-School Age 

Test Parental BMI N 
Model 1

a
  Model 2

b
  Model 3

c
  Model 4

d
 

IRR (95% CI)  IRR (95% CI)  IRR (95% CI)  IRR (95% CI) 

ADHD-DSM-IV           

Inattention           

 Mother Underweight 75 0.92 [0.07, 12.94]  1.05 [0.11, 10.07]  1.07 [0.18, 6.30]  1.12 [0.22. 5.53] 

  Normal 1266 ref  ref  ref  ref 

  Overweight 343 1.01 [0.18, 5.53]  1.08 [0.42, 2.77]  1.11 [0.57, 2.14]  1.05 [0.55, 1.99] 

  Obese 143 1.55 [0.17, 13.74]  1.99 [0.41, 9.78]  1.97 [0.55, 6.96]  1.40 [0.44, 4.53] 

  Continuous 1827 1.04 [0.90, 1.21]  1.04 [0.97, 1.13]  1.04 [0.98, 1.11]  1.03 [0.97, 1.09] 

            Father Underweight 6 3.32 [0.44, 25.03]  3.25 [0.64, 16.61]  3.63 [0.79, 16.44]  3.46 [0.77, 15.49] 

  Normal 785 ref  ref  ref  ref 

  Overweight 811 1.03 [0.13, 8.25]  1.08 [0.42, 2.77]  1.07 [0.57, 2.03]  1.06 [0.59, 1.92] 

  Obese 225 2.39 [0.29, 19.89]  2.64 [0.68, 10.18]  2.36 [0.80, 6.89]  2.12 [0.73, 6.17] 

  Continuous 1827 1.07 [0.89, 1.31]  1.07 [0.96, 1.19]  1.06 [0.98, 1.15]  1.05 [0.97, 1.14] 

Hyperactivity           

 Mother Underweight 75 1.38 [0.21, 9.30]  1.32 [0.25, 7.17]  1.23 [0.30, 5.16]  1.23 [0.31, 4.81] 

  Normal 1266 ref  ref  ref  ref 

  Overweight 343 1.03 [0.76, 1.38]  1.01 [0.79, 1.30]  1.03 [0.84, 1.26]  1.00 [0.82, 1.23] 

  Obese 143 1.17 [0.59, 2.34]  1.14 [0.67, 1.95]  1.13 [0.79, 1.62]  1.03 [0.70, 1.52] 

  Continuous 1827 1.00 [0.94, 1.06]  1.00 [0.97, 1.03]  1.00 [0.98, 1.03]  1.00 [0.97, 1.02] 

            Father Underweight 6 1.25 [0.34, 4.57]  1.31 [0.38, 4.53]  1.36 [0.39, 4.71]  1.38 [0.39, 4.76] 

  Normal 785 ref  ref  ref  ref 

  Overweight 811 1.03 [0.63, 1.70]  1.05 [0.82, 1.34]  1.07 [0.86, 1.34]  1.08 [0.90, 1.30] 

  Obese 225 1.42 [0.54, 3.71]  1.40 [0.73, 2.66]  1.39 [0.94, 2.08]  1.38 [0.96, 1.99] 

  Continuous 1827 1.02 [0.94, 1.12]  1.02 [0.97, 1.08]  1.02 [0.98, 1.06]  1.02 [0.98, 1.06] 

CAST           

 Mother Underweight 75 1.02 [0.81, 1.28]  1.01 [0.85, 1.20]  1.00 [0.84, 1.19]  1.01 [0.85, 1.19] 

  Normal 1266 ref  ref  ref  ref 

  Overweight 343 1.01 [0.84, 1.22]  1.01 [0.91, 1.12]  1.02 [0.93, 1.12]  1.02 [0.93, 1.11] 

  Obese 143 1.12 [0.86, 1.45]  1.08 [0.90, 1.31]  1.06 [0.92, 1.23]  1.06 [0.91, 1.23] 
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  Continuous 1827 1.00 [0.99, 1.02]  1.00 [0.99, 1.01]  1.00 [0.99, 1.01]  1.00 [0.99, 1.01] 

            Father Underweight 6 0.90 [0.52, 1.54]  0.83 [0.49, 1.42]  0.88 [0.51, 1.49]  0.85 [0.50, 1.46] 

  Normal 785 ref  ref  ref  ref 

  Overweight 811 1.11 [0.89, 1.39]  1.08 [0.96, 1.22]  1.08 [0.97, 1.21]  1.08 [0.97, 1.20] 

  Obese 225 1.07 [0.95, 1.20]  1.02 [0.92, 1.13]  1.02 [0.93, 1.13]  1.01 [0.91, 1.13] 

  Continuous 1827 1.01 [1.00, 1.02]  1.01 [1.00, 1.02]  1.01 [1.00, 1.02]  1.00 [0.99, 1.02] 

Abbreviations: ADHD-DSM-IV: Attention Deficit Hyperactivity Disorder-Criteria of Diagnostic and Statistical Manual of Mental Disorders-4th Edition; BMI: body mass 

index; CAST: Childhood Asperger Syndrome Test; CI: confidence intervals. 
a 
Model 1: adjusted for age and sex of the child 

b 
Model 2: model 1 plus maternal and paternal education and social class  

c 
Model 3: model 2 plus maternal age, parity, maternal employment status during pregnancy and at 5 years, maternal IQ, breast feeding duration, daycare attendance, and child 

physical activity 
d 
Model 4: model 3 plus paternal or maternal BMI  

*P-value <0.05; **P-value <0.01 
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