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Abstract

Objectives: To assess relations of pre-pregnancy maternal and paternal obesity with offspring 

behavioral problems and psychiatric symptoms at 7–8 years in the Upstate KIDS study, a 

prospective cohort study.

Study design: Maternal body mass index (BMI) was calculated from pre-pregnancy height and 

weight provided in vital records or self-report at 4 months post-partum. Mothers reported paternal 

height and weight. At 7–8 years, mothers indicated if their children had been diagnosed with 

ADHD or anxiety (n=1915). Additionally, children’s behavior was measured with the Strengths 

and Difficulties Questionnaire (SDQ) at 7 years (n=1386) and the Vanderbilt ADHD Diagnostic 

Parent Rating Scale (VADPRS) at 8 years (n=1484). Based on SDQ scores, we identified children 

with borderline behavioral problems. Adjusted risk ratios (aRR) and 95% confidence intervals 

(CIs) were estimated with robust multivariable Poisson regression.

Results: Compared with children of mothers with BMI<25, children whose mothers had BMI 

25–30, 30–35 and ≥35 kg/m2 had higher risks of reported ADHD (aRRs, 95% CIs: 1.14, 0.78–

1.69; 1.96, 1.29–2.98; and 1.82, 1.21–2.74, respectively). Risks of hyperactivity problems 

identified by the SDQ and a positive screen for inattentive or hyperactive/impulsive behavior with 

the VADPRS were also higher with increasing maternal pre-pregnancy BMI. Paternal BMI was 

not associated with child outcomes.
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Conclusions: Our findings suggest that maternal, rather than paternal, obesity is associated with 

maternal report of child ADHD diagnosis and inattentive or hyperactivity problems. Further 

research is needed to understand how maternal obesity might influence these behavioral changes 

during or after pregnancy.
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In the United States (U.S.), 37% of women and 32% of men of reproductive age are obese 

(body mass index [BMI] ≥30 kg/m2).1 As the prevalence of obesity has risen in the past 15 

years,1 so has prevalence of child psychiatric disorders such as attention-deficit/

hyperactivity disorder (ADHD).2

A meta-analysis of prospective epidemiologic studies provides evidence of an association 

between maternal pre-pregnancy BMI and behavioral problems and psychiatric symptoms in 

childhood.3-16. The association between maternal overweight (BMI ≥25 and <30) or 

overweight/obese (BMI ≥25) status and behavior is less certain.14–18 Similarly, most 

longitudinal studies observed a positive association between maternal obesity and ADHD or 

inattention/hyperactivity problems,12–14, 19–25 and a few show null results.26, 27 Potential 

mechanisms include chronic inflammation in the intrauterine environment, increased 

concentrations of circulating metabolic hormones, or epigenetic modifications associated 

with obesity.28

Paternal obesity may also relate to child behavioral problems or psychiatric symptoms as 

evidence from animal studies has revealed mechanisms for non-mendelian epigenetic 

inheritance.29 Previous studies investigated the associations of paternal obesity with child 

behavioral problems and psychiatric symptoms; two did not find an association between 

paternal obesity and child behavioral problems12, 18, one observed a positive, but imprecise, 

association with ADHD symptoms,26 and, in the largest study, a positive association 

between paternal obesity and offspring behavioral problems was observed.15 An association 

with maternal but not paternal obesity would support the hypothesis that alterations in the 

intrauterine environment, rather than preconception or postnatal factors shared between 

parents (e.g., diet)are implicated in the development of offspring behavioral problems and 

psychiatric symptoms. As such, investigation of associations among fathers also serve as a 

“negative control” for mothers.30 Population-based research in the U.S., where the 

prevalence of obesity is higher than that of European countries,1, 31 has not examined the 

relation between paternal BMI and child behavioral problems and psychiatric symptoms.

In our cohort, maternal and paternal obesity have been associated with higher risk of failing 

a developmental screening in early childhood.32 It is unclear if the associations between 

parental obesity and neurodevelopmental outcomes detected in early childhood extend into 

behavioral problems during middle childhood. Thus, we investigated the associations of 

maternal pre-pregnancy obesity and paternal obesity at 4 months post-partum with child 

behavioral problems and psychiatric symptoms at 7–8 years old in the Upstate KIDS cohort. 

We hypothesized that both maternal and paternal obesity would be positively associated with 

offspring behavioral problems and psychiatric symptoms.
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METHODS

The Upstate KIDS study is a population-based birth cohort originally established to evaluate 

the effects of infertility treatment on childhood growth and development.33 Approximately 4 

months postpartum in New York State (excluding New York City), mothers of children born 

between 2008 and 2010 were recruited into the study with the use of birth certificates from a 

livebirth registry. Infants conceived by infertility treatments and multiple births were 

oversampled. Three singletons not conceived by infertility treatment were sampled for every 

child conceived using fertility treatment, frequency matched to region of birth. In total, 

5,034 mothers and 6,171 children were recruited. No associations between fertility treatment 

status and early childhood development were observed.34 Singletons and twins with 

information on behavioral problems and psychiatric symptoms in middle childhood are 

included in this analysis. Due to low numbers, triplets and quadruplets were excluded from 

follow-up through middle childhood (n=134).

The New York State Department of Health and the University of Albany Institutional 

Review Board (IRB) approved of the study and served as the IRB designated by the National 

Institutes of Health under a reliance agreement. Parents provided written informed consent 

prior to enrollment.

Measurements

Upon enrollment at 4 months post-partum, mothers completed a baseline questionnaire on 

their sociodemographic information and familial health status. We obtained information 

from vital records on the child’s sex and plurality, as well as maternal pre-pregnancy height 

and weight.

Exposure information.—Maternal BMI was calculated as kg/m2 from pre-pregnancy 

height and weight provided in vital records or, if missing from vital records, from self-report 

on the baseline questionnaire which inquired about maternal “weight before this pregnancy.” 

Paternal BMI was calculated from height and weight reported by mothers at 4 months post-

partum on the baseline questionnaire. We categorized BMI as underweight or normal weight 

(<25.0), overweight (25.0–29.9), obese class I (30.0–34.9) and obese classes II+ (≥35) based 

on the World Health Organization cutoffs. A separate category for underweight was not 

included due to low numbers of underweight mothers (n=45) and fathers (n=16) in our 

sample.

Covariate information.—Covariates were collected at 4 months post-partum either from 

the baseline questionnaire or vital records. Maternal age and insurance type, paternal age, 

and child sex were obtained from vital records. Maternal race/ethnicity was from maternal 

report in the baseline questionnaire, with vital records used when questionnaire data were 

unavailable. Maternal education, marital status, history of polycystic ovary syndrome 

(PCOS), and smoking and alcohol use during pregnancy, and maternal and paternal history 

of affective disorders were reported by mothers in the baseline questionnaire at 4 months 

post-partum.
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Follow-up study.—When children were 7 and 8 years old, subgroups of mothers 

completed annual questionnaires on their children’s development. Mothers reported if their 

child had ever been diagnosed with attention-deficit disorder (ADD)/ADHD or anxiety 

disorder in a clinical setting, and if the child had been prescribed medications for ADD/

ADHD or anxiety disorder in the past year. In addition, mothers rated their child’s behavior 

with the Strengths and Difficulties Questionnaire (SDQ)35 at 7 years and a modified version 

of the Vanderbilt ADHD Diagnostic Parent Rating Scale (VADPRS)36 at 8 years.

The SDQ is a validated and reliable questionnaire35 which has been used previously in U.S. 

samples.37 The use of the SDQ in this population has been described previously.38 In brief, 

the SDQ is designed to measure children’s behavior in the five domains of emotional 

symptoms, peer relationship problems, conduct problems, hyperactivity/inattention, and 

prosocial behaviors. The SDQ consists of 25 statements (five per domain) that mothers rate 

as not true (0 points), somewhat true (1 point), or certainly true (2 points). Scores for each 

question pertaining to one domain were summed. Although we had originally considered 

examining the SDQ subscales as continuous variables, the distributions of these variables 

were ordinal with an excess of zero values. We therefore sought to identify children with 

borderline behavioral problems, using cutoff points previously utilized in the U.S. 

(emotional symptoms ≥3, peer relationship problems ≥2, conduct problems ≥2, 

hyperactivity/inattention ≥5, and prosocial behaviors ≤6).39

When the children were approximately 8 years old, mothers completed a modified version of 

the VADPRS, which screens for children’s ADHD and other disorders. We incorporated 

screening by the VADPRS in our measurement of ADHD to include children with problem 

behaviors who may not have received a formal diagnosis. This instrument is a validated and 

reliable questionnaire that has been used previously in the U.S.36, 40, 41 The VADPRS 

consists of 45 statements on children’s behaviors, 9 of which correspond to DSM-IV 

behaviors for the predominately inattentive subtype of ADHD and 9 to the hyperactive/

impulsive subtype. Due to rarity and age appropriateness we dropped 3 items on the conduct 

disorder scale. This did not affect our assessment of ADHD and symptoms of conduct 

disorder were not considered in our analysis. Mothers indicated how frequently in the past 

six months their child has exhibited each behavior as “never,” “occasionally,” “often,” or 

“very often.” The questionnaire also contains eight statements on the children’s school and 

interpersonal performance which mothers rate as “excellent,” “above average,” “average,” 

“somewhat of a problem,” or “problematic.” The VADPRS was scored using the National 

Institute for Children’s Health Quality’s criteria.42 To meet criteria for screening, children 

must have been rated as “somewhat of a problem” or “problematic” on any of the 8 

performance items and “often” or “very often” on 6 items for the subtype scales. A child 

must screen positive for both inattentive and hyperactive/impulsive subtype scales to screen 

positive for ADHD. The prevalence of a positive screen for ADHD by this VADPRS scoring 

criteria (2.7%) was too low to include as a primary endpoint by itself and hence we 

combined that with maternal report. We also examined associations without limiting only to 

children with both inattentive and hyperactivity/impulsive subtype screens or performance 

items impacted (see specifics below).
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Statistical analyses

Children with information on behavioral problems and psychiatric symptoms at 7 or 8 years 

are included in the analysis. Exposures of interest are maternal and paternal BMI. We 

examined BMI categorically and continuously.

At 7 years, mothers of 1386 children completed the SDQ and, at 8 years, mothers of 1484 

children responded to the VADPRS. At 7 or 8 years, 1915 mothers reported on their child’s 

diagnosis or medication status. Three methods to define child behavioral problems and 

psychiatric symptoms were examined as outcome measures. First, positive histories of 

ADHD or anxiety disorder were considered using maternal diagnostic reports. A positive 

history was defined as having a maternal report of clinical diagnosis or maternal report of 

medication use for that condition. Maternal report of child depression was not an endpoint 

due to low prevalence of the condition at this age (1.15%). Second, we incorporated the 

VADPRS to assess screening for ADHD in several ways. We considered either positive 

ADHD screening (with performance items impacted) or maternal report of clinical ADHD 

diagnosis. Positive screening for the inattentive OR hyperactive/impulsive subtype scales 

was considered separately. We also classified children as screening for inattentive OR 

hyperactive/impulsive subtype scales without including the performance items in these 

screenings (ie, children had to score only “often” or “very often” on 6 of the 9 subtype scale 

items). Lastly, parental report of child borderline behavioral problems measured with the 

SDQ were examined.

We first compared the distributions of mother’s and father’s BMI across categories of 

parental and child characteristics within a primary cohort of singletons and a randomly 

selected twin from each twin pair. We used the Wald χ2 test to calculate P-values for 

dichotomous variables. For ordinal variables, we calculated a P-trend. In multivariable 

analysis, we estimated adjusted risk ratios (aRR) and 95% confidence intervals (CI) with the 

use of a modified, robust Poisson regression among all singletons and twins.43 For all 

models, adjustment variables included maternal race/ethnicity, education, insurance status, 

smoking, alcohol intake, marital status, polycystic ovary syndrome (PCOS) diagnosis; 

parental history of affective disorders; and child’s sex. For maternal weight status, we 

additionally adjusted for maternal age, parental age difference, and paternal BMI. For 

paternal weight status, we additionally adjusted for maternal pre-pregnancy BMI and 

paternal age. PCOS and parental history of affective disorders were added sequentially as 

there is evidence of a bidirectional association between BMI and PCOS symptoms or 

affective disorder. Generalized estimating equations with robust standard errors were used to 

account for the correlation among twins.

Among the 1915 children with outcome data at either assessment, maternal and paternal 

BMI was missing from 1 (0.05%) and 174 (9.09%) parent(s), respectively. The percentage of 

information missing on covariates ranged from 0% for child sex to 5.43% for paternal age. 

Thus, missing covariate and exposure information was imputed using the Markov chain 

Monte Carlo multiple imputation with 50 imputed datasets. In addition, we used inverse 

probability weighting (IPW) to account for non-response to the follow-up questionnaires. 

Weights were generated from a multivariable logistic regression model in which the outcome 

was responding to the SDQ (n=1386) or to questions pertaining to maternal report of clinical 
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diagnosis or screening (n=1915). To generate weights, covariates in the logistic regression 

model were maternal age, race, education, insurance status, marital status, smoking and 

drinking during pregnancy, BMI, and gynecological conditions; paternal age and BMI; 

parental history of affective disorder; and child sex, plurality, conception using fertility 

treatment, and parity. In supplemental analysis, we compared the prevalence of the 

diagnostic and SDQ endpoints across categories of baseline covariates among the primary 

cohort.

All analyses were conducted with SAS version 9.4 (SAS Institute Inc).

RESULTS

Prevalence of maternal pre-pregnancy obesity (BMI ≥30) and paternal obesity at 4 months 

post-partum were 24.73 and 29.97%, respectively. Maternal pre-pregnancy BMI was 

inversely associated with socioeconomic status markers and alcohol use during pregnancy, 

and positively related to maternal history of affective disorders. Paternal BMI at 4 months 

post-partum was positively related to maternal and paternal age, non-Hispanic white 

ethnicity, and being married (Table I). In general, behavioral problems were inversely 

associated with maternal age and socioeconomic status markers, and positively related to 

maternal history of affective disorders, diagnosis of PCOS, and smoking during pregnancy 

(Table 2 and Table 3; available at www.jpeds.com).

Maternal weight status

Maternal reported diagnosis.—Maternal pre-pregnancy obesity was associated with 

higher risk of maternal report of clinical diagnosis of ADHD (Table 4). After adjustment for 

covariates, maternal obesity class I was associated with 1.96 times the risk of maternal 

report of child clinical ADHD diagnosis (95% CI 1.29, 2.98) compared with children of 

mothers with BMI <25. Estimates were similar for obesity class II+ (aRR 1.82; 95% CI: 

1.21, 2.74). Maternal obesity class I or class II were not related to maternal report of child 

clinical anxiety diagnosis after adjustment for covariates.

VADPRS.—Associations of pre-pregnancy maternal BMI with a positive screen for 

maternal reported ADHD diagnosis or ADHD screen by the VADPRS were comparable with 

those of maternal report of clinical diagnosis for ADHD (aRRs obesity class I, class II+: 

1.77; 95% CI 1.18, 2.66 and 1.78; 95% CI 1.21, 2.62, respectively) (Table 4). The 

associations between maternal obesity class I and II and a positive screen on either the 

inattentive or hyperactive/impulsive subscales were attenuated and not precise (aRRs obesity 

class I, class II+: 1.42; 95% CI 0.75, 2.70 and 1.26; 95% CI 0.65, 2.42, respectively). 

Maternal obesity was positively related to the VADPRS inattentive or hyperactive/impulsive 

screen when the performance items were not included (aRRs obesity class I, class II+: 1.51; 

95% CI 0.88, 2.58 and 1.68; 95% CI 1.02, 2.77).

SDQ.—Maternal obesity was additionally related to borderline hyperactivity/inattention 

determined by the SDQ (Table 4). After covariate adjustment, maternal obesity class I and 

class II+ were associated with 1.84 (95% CI 1.24, 2.73) and 1.79 (95% CI 1.21, 2.65) times 

the risk of child borderline hyperactivity/inattention, respectively, compared with children of 
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mothers with BMI <25. Maternal obesity was not related to other child psychopathology 

outcomes.

Paternal weight status

Paternal obesity was not related to any behavioral problems or psychiatric symptom 

outcome in unadjusted or adjusted analyses (Table 5).

Models without adjustment for maternal PCOS or parental history of affective disorder had 

similar results (data not shown).

DISCUSSSION

In this prospective birth cohort in New York State, maternal pre-pregnancy BMI was related 

to subsequent child behavioral problems and psychiatric symptoms at ages 7 to 8, whereas 

paternal BMI was not associated with these outcomes. Children of women with pre-

pregnancy obesity (BMI ≥30) had approximately twice the risk of maternal report of clinical 

diagnosis of ADHD, compared with children of women with BMI <25. We did not find an 

association between maternal pre-pregnancy weight status and offspring anxiety.

Maternal obesity was related to child ADHD and hyperactivity/inattention problems 

assessed by maternal report of clinical diagnosis, screening with the VADPRS and maternal 

report of diagnosis, screening for ADHD symptoms by the VADPRS, and the SDQ. The 

magnitude of effect was comparable across each of these measures (aRRs, obesity class I: 

1.51–1.96; aRRs, obesity class II+: 1.68–1.86). The associations were attenuated when 

performance indicators were included in ADHD symptom screening by the VADPRS; it is 

possible that children who are receiving treatment for ADHD would be misclassified in this 

screen. Previous longitudinal cohort studies have observed similar positive associations 

between maternal pre-pregnancy obesity and offspring ADHD diagnosis.5, 19, 20, 24, 27 

However, associations of maternal pre-pregnancy BMI and parental report of offspring 

ADHD symptoms by the SDQ or Child Behavior Checklist have been mixed.
10–15, 18, 21, 25, 26 In early childhood (aged 3–5 years), pre-pregnancy obesity class I has been 

associated with child ADHD symptoms in some studies,10–12 but not in others.14, 25, 26 Only 

one of these studies was able to examine obesity class II+ (BMI ≥35) as an exposure and 

found a positive association with child ADHD symptoms at age 3 years.25 In middle 

childhood (aged 6–11 years), after children had more time in school and are likely to receive 

a formal diagnosis for difficulties, the results are more consistent; maternal pre-pregnancy 

obesity has been positively associated with parental report of child ADHD symptoms in 

all13, 15, 21, 24 but one study.5 The disparity in these results may reflect parents’ difficulty in 

distinguishing abnormal and normal levels of hyperactivity in early childhood.

Several mechanisms have been proposed to explain the associations between maternal pre-

pregnancy BMI and child behavioral problems or psychiatric symptoms. In rodent models, 

an obesogenic state induced by a maternal high fat diet results in structural and functional 

brain changes in the offspring which include altered dopaminergic response,45 increased 

corticosteroid receptor expression,46 and dendritic atrophy.47 Rodent pups also exhibited 

more hyperactive and anxiety-like behavior.45, 46 During pregnancy, women with obesity 
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have higher concentrations of circulating inflammatory markers, compared with women with 

BMI <25.48, 49 This inflammatory state could affect placental development and alter the 

intrauterine environment; for example, accumulation of activated macrophages is higher in 

term placental cells of obese women compared with women with BMI <25.48 These changes 

may in turn mediate adverse fetal development. Alternatively, pre-pregnancy obesity and 

other markers of inflammation relate to small variation in cord blood DNA methylation 

levels, which may have long-term impact on offspring.50, 51 Non-causal explanations may 

also explain our findings; for example, our results may be confounded by parental ADHD 

status or biased due to self-report of height and weight.

In contrast to our results with pre-pregnancy maternal BMI and offspring ADHD, we did not 

observe an association with pre-pregnancy maternal BMI and offspring anxiety or the SDQ 

internalizing problem subscales of emotional symptoms and peer relationship problems. 

Results from previous studies have been mixed, with some finding a positive association 

with internalizing symptoms (eg, anxiety, depression, peer problems, 

somatization)5, 11, 13–16, 24 and others finding no association with these traits.4, 7, 9–11, 18 The 

associations we observed with obesity class II and maternal report of anxiety diagnosis or 

SDQ internalizing problem subscales were consistently positive (aRRs 1.29–1.38) but of 

smaller magnitude than those observed for maternal pre-pregnancy obesity and ADHD. It is 

possible that we did not have the power to detect associations of this magnitude.

We also found no associations between paternal BMI and offspring behavioral problems or 

psychiatric symptoms. These null results may indicate that contributions from the maternal 

intrauterine environment could influence the development of child behavioral problems and 

psychiatric symptoms rather than epigenetic mechanisms or shared pre- or post-conception 

lifestyle habits to which the father would also contribute. Results from birth cohorts with 

approximately 500–2500 children in England, the Netherlands, and Greece have found 

similar null associations between paternal BMI and offspring behavioral problems and 

psychiatric symptoms at 3–5 years.12, 18 In contrast, a positive association between paternal 

obesity and child inattention (adjusted incidence rate ratio [aIRR]: 2.12, 95% CI 0.73–6.17) 

and hyperactivity symptoms (aIRR: 1.38, 95% CI 0.96–1.99) was observed at five years in 

the Infancia y Medio Ambiente (INMA) birth cohort in Spain (n=1827).26 Despite a higher 

prevalence of paternal obesity than the INMA cohort and the ability to examine obesity class 

II as a separate exposure, we did not find a positive association with child inattentive or 

hyperactive/impulsive behavior. One potential reason for this discrepancy is that in our 

cohort the VADPRS was assessed by mothers whereas in INMA this assessment was done 

by teachers. Parent and teacher agreement on this rating scale is low.52 In a larger study 

(n=38,314), the Danish National Birth Cohort (DNBC), paternal obesity was positively 

related to child emotional symptoms, peer relationship problems, and hyperactivity/

inattention at 7 years as measured by the SDQ (adjusted odds ratios: 1.27, 1.72, and 1.37, 

respectively).15 Although we also measured child behavior in middle childhood, we defined 

borderline problem behaviors based on a U.S. reference39 whereas, with the larger sample 

size, DNBC was able to use cutoffs reflecting abnormal problems.53 Thus, the cutoffs for 

DNBC were generally 1–2 points higher and sex-specific compared with the U.S. based 

cutoffs.
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Our study has several strengths. We were able to adjust for many potential confounders of 

the relations between parental weight status and child behavior. Further, we examined the 

associations of maternal and paternal weight status with child behavioral problems and 

psychiatric symptoms. Previous studies which looked at paternal BMI as an exposure have 

been in Europe, where the prevalence of obesity is lower,1, 31 and thus may not be 

generalizable to the U.S. There are limitations as well. Shared genetic risk factors may relate 

to both child obesity and ADHD,54 and thus genetic contributions may be an unmeasured 

confounder. However, we would expect a similar magnitude of effect across mothers and 

fathers if the association between parental obesity and child ADHD was driven primarily by 

genetics. Reporting errors may be present in parental height and weight. This measurement 

error is likely nondifferential with respect to the outcome and could bias the results towards 

the null. Paternal weight status was calculated from measures of maternal report of their 

partner’s height and weight at four months post-partum. If paternal weight status had 

changed from the pre-pregnancy period to four months post-partum then this measure would 

not reflect paternal weight status at the time period of interest (i.e., conception). Further, we 

do not have information on how confident mothers were in their assessment of paternal 

height and weight and therefore cannot assess the accuracy of this report; however, 

previously reports on agreement between maternal report and paternal self-report of height 

and weight in a European sample was high.55 There is likely measurement error in our 

measurement of child behavioral problems and psychiatric symptoms as well. We are unable 

to quantify the extent of this measurement error in our sample and therefore cannot assess its 

impact on our results; however, for ADHD, parental report of the clinician diagnosis appears 

reliable and valid.56–58 We may have missed cases who were taking medications prior to 7 

or 8 years old whose symptoms had resolved. In addition, non-response to follow-up 

questionnaires were large. To address this issue, we used IPW to account for non-response to 

follow-up.59 Lastly, our population is primarily Caucasian, which may limit the 

generalizability of our results.

In conclusion, in this examination of maternal and paternal obesity with child behavioral 

problems and psychiatric symptoms in the U.S., maternal obesity was related to maternal 

report of child ADHD diagnoses whereas paternal obesity was not associated with these 

outcomes. This familial information can assist in identifying high risk populations to screen 

for behavioral problems in childhood and provide earlier intervention. Given the consistent 

association of maternal obesity with child behavioral problems and psychiatric symptoms 

across studies in the U.S. and Europe, providers and public health practitioners should 

consider evidenced-based approaches for improving health literacy and lifestyle changes 

related to maternal prenatal weight for women considering pregnancy. Further research is 

needed in understanding whether lifestyle changes during pregnancy and/or any postnatal 

interventions can ameliorate risks.
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Abbreviations:

ADD attention-deficit disorder

ADHD attention-deficit/hyperactivity disorder

aRR adjusted risk ratio

BMI body mass index

CI confidence intervals

DNBC Danish National Birth Cohort

INMA Infancia y Medio Ambiente

IPW inverse probability weighting

IRB Institutional Review Board

PCOS polycystic ovary syndrome

SDQ Strengths and Difficulties Questionnaire

U.S. United States

VADPRS Vanderbilt ADHD Diagnostic Parent Rating Scale
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Table 1.

Maternal and paternal BMI across categories of maternal, paternal, and child characteristics among all 

singletons and one randomly selected twin of each pair.

Characteristic

Maternal pre-pregnancy BMI, kg/m2 Paternal BMI at 4 months post-partum, kg/m2

n Mean ± SD n Mean ± SD

Total 1605 26.9 ± 7.0 1505 28.3 ± 5.5

Maternal characteristics

Age, years

 <25 205 26.9 ± 7.1 175 26.3 ± 5.7

 25–29 428 27.5 ± 7.7 398 28.6 ± 5.8

 30–34 546 26.5 ± 6.7 498 28.5 ± 5.3

 35–39 327 26.4 ± 6.3 304 28.6 ± 4.9

 ≥40 144 27.5 ± 6.9 130 28.4 ± 5.5

 P-trend
1 0.45 0.004

Race / ethnicity

 Non-Hispanic white 1411 27.0 ± 7.0 1303 28.4 ± 5.5

 Other 239 26.4 ± 6.9 202 27.6 ± 5.5

 p2 0.28 0.05

Education

 Less than high school 53 28.8 ± 10.0 35 26.6 ± 7.0

 High school of GED equivalent 158 28.8 ± 8.4 138 28.2 ± 7.1

 Some college 421 29.0 ± 7.9 390 29.0 ± 5.6

 College 414 26.0 ± 6.2 383 28.0 ± 5.2

 Advanced degree 604 25.3 ± 5.4 559 28.0 ± 4.9

 P-trend <0.0001 0.29

Private insurance

 Yes 1354 26.5 ± 6.4 1260 28.4 ± 5.3

 No 296 28.4 ± 8.9 245 27.7 ± 6.1

 P <0.0001 0.06

Married or living as married

 Yes 1468 26.8 ± 6.9 1390 28.3 ± 5.4

 No 139 28.4 ± 8.4 102 27.1 ± 6.5

 P 0.01 0.02

History of affective disorder

 Yes 288 28.1 ± 7.5 267 28.1 ± 5.7

 No 1337 26.6 ± 6.8 1238 28.3 ± 5.4

 P 0.001 0.50

Diagnosis of polycystic ovary syndrome

 Yes 194 30.4 ± 8.2 183 30.4 ± 6.1

 No 1427 26.4 ± 6.7 1319 28.0 ± 5.3

 P <0.0001 <0.0001

Smoking during pregnancy
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Characteristic

Maternal pre-pregnancy BMI, kg/m2 Paternal BMI at 4 months post-partum, kg/m2

n Mean ± SD n Mean ± SD

 Yes 162 28.1 ± 8.0 145 26.9 ± 5.8

 No 1487 26.7 ± 6.8 1359 28.4 ± 5.4

 P 0.02 0.002

Alcohol use during pregnancy

 Yes 209 25.1 ± 5.3 199 27.7 ± 4.9

 No 1440 27.1 ± 7.2 1305 28.4 ± 5.5

 P <0.0001 0.10

Paternal characteristics

Age, years

 <25 113 27.0 ± 7.1 104 26.4 ± 6.2

 25–29 306 27.0 ± 7.2 286 28.4 ± 5.7

 30–34 507 26.6 ± 6.6 474 28.3 ± 5.2

 35–39 358 26.8 ± 6.8 334 29.0 ± 5.8

 ≥40 277 26.7 ± 6.8 257 28.3 ± 4.9

 P-trend 0.60 0.02

History of an affective disorder

 Yes 127 27.5 ± 6.4 122 29.0 ± 5.8

 No 1498 26.8 ± 7.0 1383 28.2 ± 5.4

 P 0.32 0.11

Child characteristics

Sex

 Male 876 27.0 ± 7.0 796 28.3 ± 5.6

 Female 774 26.8 ± 6.9 709 28.2 ± 5.3

 P 0.66 0.59

1
P-trend from a linear regression model with BMI as the continuous outcome where a variable representing ordinal categories of the predictor was 

introduced as a continuous covariate.

2
Wald chi-squared test.
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Table 2,

online only. Participant characteristics according to maternal reported diagnosis of child ADHD or anxiety 

among all singletons and one randomly selected twin of each pair

Sociodemographic characteristics
All

Child mental health disorder

ADHD Anxiety disorder

Overall, n (%) 1651 (100) 148 (100) 125 (100)

Maternal Characteristics

Age, years, mean ± SD 31.27 ± 5.89 29.99 ± 6.86 30.9 ± 6.20

Non-Hispanic white, n (%) 1412 (85.52) 118 (79.73) 111 (88.80)

Education, n (%)

 Less than high school 53 (3.21) 9 (6.08) 7 (5.60)

 High school of GED equivalent 158 (9.57) 28 (18.92) 13 (10.40)

 Some college 421 (25.50) 48 (32.43) 35 (28.00)

 College 414 (25.08) 23 (15.54) 21 (16.80)

 Advanced degree 605 (36.64) 40 (27.03) 49 (39.20)

Private insurance, n (%) 1354 (82.01) 108 (72.97) 98 (78.40)

Married or living as married, n (%) 1468 (91.35) 120 (82.19) 108 (87.80)

History of affective disorder, n (%) 288 (17.72) 43 (29.25) 47 (37.90)

Diagnosis of polycystic ovary syndrome, n (%) 194(11.97) 22(15.07) 23 (18.70)

Smoking during pregnancy, n (%) 162 (9.82) 28 (18.92) 16 (12.80)

Alcohol use during pregnancy, n (%) 209 (12.67) 20 (13.51) 16 (12.80)

BMI, kg/m2, mean ± SD 26.88 ± 6.98 29.16 ± 7.61 27.79 ± 6.71

Paternal characteristics

Age, years, mean ± SD 33.62 ± 6.70 32.86 ± 7.57 33.65 ± 7.48

History of an affective disorder, n (%) 127 (7.82) 14 (9.52) 10 (8.06)

BMI, kg/m2, mean ± SD 28.27 ± 5.46 29.07 ± 5.85 28.09 ± 5.37

Child characteristics

Child sex, male, n (%) 876 (53.06) 110 (74.32) 72 (57.60)
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