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Abstract

Background—Recent data suggest that children of mothers who are obese before pregnancy, or 

who gain too much weight during pregnancy, may be at an increased risk of cognitive 

impairments.

Methods—Mother–infant dyads enrolled in a birth cohort study in Pittsburgh, Pennsylvania 

(1983–1986), were followed from early pregnancy to 14 years postpartum (n=574). Math, reading 

and spelling achievements were assessed at ages 6 and 10 years using the Wide Range 

Achievement Test-Revised, and at age 14 years using the Wechsler Individual Achievement Test 

Screener. Self-reported total GWG was converted to gestational age-standardised z-scores. 

Generalised estimating equations were used to estimate the effects of GWG and pre-pregnancy 

body mass index (BMI) on academic achievement at 6, 10 and 14 years, while adjusting for 
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maternal race, child sex, parity, employment, family income, maternal intelligence, maternal 

depression, pre-pregnancy BMI (in GWG models only) and the home environment.

Results—The mean (SD) BMI was 23.4 (5.7) kg/m2 and the mean (SD) GWG reported at 

delivery was 14.4 (5.9) kg. There was a significant non-linear association between pre-pregnancy 

BMI and an offspring’s academic achievement. At 6, 10 and 14 years, an offspring’s academic 

scores were inversely associated with pre-pregnancy BMI beyond 22 kg/m2. High GWG (>1 SD) 

was associated with approximately 4-point lower reading (adjusted β (adjβ) −3.75, 95% CI −7.1 to 

−0.4) and spelling scores (adjβ −3.90, 95% CI −7.8 to −0.2), compared with GWG −1 to +1 SD.

Conclusions—Future studies in larger and socioeconomically diverse populations are needed to 

confirm maternal weight and weight gain as causal determinants of a child’s academic skills, and 

whether this effect persists into adulthood.

INTRODUCTION

Children of mothers who are obese before pregnancy, or who gain too much weight during 

pregnancy, are at high risk of a number of adverse short-term and long-term outcomes, 

including preterm birth,1 stillbirth, obesity2 and later-life cardiovascular disease.3 Recent 

data suggest that maternal obesity and/or mothers who gain excessive weight during 

pregnancy may also have children who are at increased risk of cognitive impairments (eg, 

deficits in intelligence4 and executive function5) and problem behaviours that are consistent 

with attention-deficit hyperactivity disorder.6 These deficits may interfere with academic 

success7; however, less is known about the impact of maternal weight and weight gain on an 

offspring’s academic achievement.

Academic achievement is a key outcome because it not only synthesises how behavioural 

and cognitive problems impact real-life functioning, but also predicts professional 

attainment and long-term job success.8 Four previous studies have sought to establish the 

association between maternal body mass index (BMI), or weight gain, and an offspring’s 

academic achievement,49–11 but only two studies adequately adjusted for socioeconomic 

status or other critical confounders such as the cognitive enrichment in the home. 

Additionally, all four studies assessed child achievement at a single time point in children 7 

years or younger. Therefore, it is unclear whether underachievement related to maternal 

weight that is observed in kindergarten, for instance, is transient, or persists into late 

childhood and early adolescence.12 Our objective was to assess an offspring’s math, reading 

and spelling scores at ages 6, 10 and 14 years in relation to maternal pre-pregnancy BMI and 

gestational weight gain (GWG) in a cohort of black and white low-income mother–child 

pairs.

METHODS

We used data from the Maternal Health Practices and Child Development Cohort from the 

Magee-Womens Hospital in Pittsburgh, Pennsylvania (1983–1986). All women who drank 

≥3 drinks per week, and a sample of women who used less than this amount were selected 

for the alcohol cohort. All women who smoked ≥2 joints per month, and a sample of women 

who used less than this amount were selected for the marijuana cohort. None of the women 
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had a diagnosed substance abuse problem. A majority of these women were light marijuana 

and alcohol users in their first trimester (n=508 drank <3 drinks per week; n=516 smoked <2 

joints per month), a time when many women do not know they are pregnant. Mother–child 

pairs were followed and interviewed during pregnancy and at multiple postpartum time 

points. Included in this analysis are postpartum assessments at ages 6, 10 and 14 years. 

Women provided informed, written consent, and the study was approved by the University 

of Pittsburgh Institutional Review Board (IRB #PRO14020264).

Pre-pregnancy weight and height were self-reported at the first study visit. We categorised 

pre-pregnancy BMI (weight (kg)/height (m2)) using WHO criteria.13 We classified self-

reported total GWG at delivery according to gestational age-standardised z-scores, a 

measure of GWG that by design is uncorrelated with gestational age.14 The z-score charts 

were developed from serial prenatal weight measurements in a random sample of normal 

weight term pregnancies without complications, from the Magee-Womens Hospital (1998–

2008).14 z-Scores were calculated using charts for normal weight women to allow us to 

evaluate whether the association between GWG z-scores and an offspring’s academic scores 

varied depending on pre-pregnancy BMI.

Trained assessors, blinded to maternal prenatal and current substance use, evaluated child 

academic achievement using the Wide Range Achievement Test-Revised (WRAT-R)15 at 

ages 6 and 10 years, and the Wechsler Individual Achievement Test (WIAT)16 at age 14 

years. Both assess skills in math, reading and spelling. The final score on each scale is age-

standardised to a mean (SD) of 100 (15), allowing for comparability across tools. We 

analysed all scales as continuous variables.

In addition, an offspring’s intelligence and behaviour were assessed at age 10 years. The 

Stanford-Binet Intelligence Scale-4th edition17 measured child intelligence (composite scale 

dichotomised as low IQ (≤89) vs average or above IQ (>89)).17 Parent ratings on the Child 

Behavior Checklist assessed offspring internalising, externalising and attention behaviours 

(all scales dichotomised as borderline clinical (≥67) vs average (<67)).18

At the first study visit (median 18.7 weeks, IQR 17.1–20.7), trained interviewers collected 

information on sociodemographic characteristics, maternal depression using the Center for 

Epidemiological Studies Depression Scale,19 anxiety using the Spielberger State-Trait 

Anxiety Personality Inventory, and the quantity and frequency of substance use during the 

year prior to pregnancy and during the first trimester using a questionnaire validated in this 

cohort.2021 We categorised each substance into non-users throughout pregnancy, users 

during the first trimester, and use throughout pregnancy. At 10 years postpartum, maternal 

intelligence22 and the quality and quantity of support for cognitive and social development 

in the home environment were measured (Home Observation for Measurement of the 

Environment-Short Form).23

Data analysis

We tested for differences in BMI and GWG by maternal characteristics using Student t test 

and one-way analysis of variance (ANOVA). We used a paired t test to examine whether 

there was a significant and meaningful change in children’s math, reading and spelling 
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scores across the three assessment points, and a repeated measures ANOVA to examine 

whether this change varied by GWG z-score group or BMI category. To visualise the 

longitudinal pattern of each academic score by BMI and GWG, we plotted mean math, 

reading and spelling scores by age. We used Student t test to examine differences in 

academic achievement scores by an offspring’s intelligence and behaviour scores at age 10 

years (the age at which intelligence and behaviour were measured).

We fit generalised estimating equations with an exchangeable covariance structure (Gaussian 

family, identity link) to estimate unadjusted and adjusted β coefficients and their 

corresponding 95% CIs for the association between pre-pregnancy BMI or GWG, and each 

of the offspring’s achievement scores (math, reading and spelling). Generalised estimating 

equations were used to account for the intraindividual correlation of a child’s academic 

assessments at multiple ages, and accommodate varying data completeness over time.

We explored non-linear relationships between a child’s academic skills and maternal pre-

pregnancy BMI and GWG z-score using cubic and linear splines. We selected a linear spline 

with a single knot at a BMI of 22 kg/m2, which was the observed point of inflection in all 

models. Since the relation between GWG and academic scores did not deviate from 

linearity, we categorised GWG as <−1 SD, −1 to +1 SD, and >+1 SD for ease of 

interpretation.

The age at the time of assessment (ie, 6, 10 or 14 years) was coded as a dummy variable and 

included in all models to account for time. Potential confounders were identified using 

theory-based causal diagrams.24 To select the most parsimonious model, we retained 

potential confounders that, if removed from the model, changed the primary exposure effect 

estimate by >10%.2526 Maternal race, child sex, parity, employment, family income, 

maternal intelligence, maternal depression, pre-pregnancy BMI (in GWG models only), and 

the home environment, met our definition of confounding and were included in all adjusted 

models. We calculated the difference between the age the child was assessed and the 

standardised testing age (eg, 6.4 years minus 6 years) to account for the deviation from the 

standardised score, and included this variable in all models. Prenatal substance use variables 

were forced into all models based on a priori decisions. We separately tested effect 

modification by maternal race, child sex, pre-pregnancy BMI (in GWG models only), and 

the age at assessment (time), by including statistical interaction terms with BMI or GWG z-

score (tested both as continuous and categorical for all models) in fully adjusted models. 

Effect modification was present when α=0.05. We plotted adjusted predicted math, reading 

and spelling scores, and 95% CI according to pre-pregnancy BMI, with covariates set to 

population means.

We re-ran our analyses after limiting to mother–child pairs with complete data and after 

excluding high marijuana (>1 joint a day),27 alcohol (>1 drink a day),28 cigarette (≥20 

cigarettes per day),29 cocaine (any use) and illicit drug (any use) users during the first or 

third trimester. Analyses were conducted in Stata software, V.13.0 (StataCorp, College 

Station, Texas, USA).30

Pugh et al. Page 4

J Epidemiol Community Health. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



RESULTS

Of the 763 mother–child pairs at delivery, we excluded 65 pairs without child follow-up 

data, as well as 22 with missing data on BMI or GWG, and 102 with missing covariates in 

the final model. The final analytic sample included 574 mother–child pairs contributing 

1567 observations (n=542 pairs at age 6 years, n=557 pairs at age 10 years, and n=468 pairs 

at age 14 years). There were no differences in maternal race, child sex, prenatal substance 

use or offspring’s academic scores between those with and without missing data. Mothers 

with a BMI >30 kg/m2 and with GWG <−1 SD were more likely to have missing data (data 

available on request). At the time of enrolment, about half the women were black, a majority 

were unmarried, unemployed, and had a family income of <US$500 per month (<US$1400 

per month in 201431) (table 1). Most women reported no illicit drug use, 50% reported no 

marijuana use during pregnancy, and about one-third of women reported no prenatal alcohol 

or cigarette use (table 1).

The mean (SD) pre-pregnancy BMI was 23.4(5.7) kg/m2, and total GWG was 14.4(5.9) kg. 

Mean math, reading and spelling scores did not meaningfully differ by age, and were all 

within the expected age-normed range of 85–115 (corresponding to a mean (SD) of 100 

(15); see online supplementary table S1).1516

Table 1 shows the differences in math, reading and spelling scores at age 10 years by 

maternal characteristics (results were similar for 6 and 14 years, see online supplementary 

table S2). At age 10 years, academic scores were significantly higher among children of 

white mothers and married mothers, and tended to be higher among children of working 

mothers and families with an income ≥US$500 per month at enrolment, compared with their 

counterparts. Children of mothers who did not use marijuana prenatally had significantly 

higher reading scores at age 10 years, and all scores were higher among children whose 

mothers used illicit drugs prenatally (likely explained by the racial disparity in using illicit 

drugs). An offspring’s academic scores did not differ by prenatal alcohol or cigarette use.

Online supplementary table S3 shows the difference in an offspring’s academic achievement 

by intelligence and behaviour at age 10 years. Children with average or above average 

intelligence, or fewer behaviour problems scored higher on the math, reading and spelling 

skills tests compared with children scoring lower on the intelligence test, or with a greater 

number of behaviour problems.

The difference in mean academic scores by pre-pregnancy BMI was similar at ages 6, 10 

and 14 years (figure 1A–C). Among children of obese mothers, mean math, reading and 

spelling scores were 4–6 points lower at ages 6 and 14 years, and 5–6 points lower at age 10 

years compared with normal weight mothers, although the level of significance varied. In 

unadjusted multivariable models, child reading and spelling scores were significantly lower 

among obese compared with normal weight mothers across ages 6, 10 and 14 years, while 

differences in math scores were of borderline statistical significance (table 2). After 

adjusting for confounders, the relationship between pre-pregnancy BMI and math, reading 

and spelling scores at 6, 10 and 14 years were significantly non-linear (see online 

supplementary figure S1). An offspring’s academic scores at 6, 10 and 14 years were 
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inversely associated with pre-pregnancy BMI beyond 22 kg/m2. Mothers with BMI values of 

26, 28 or 30 kg/m2 had children with math scores that were −1.3 (95% CI −2.2 to −0.4), 1.9 

(95% CI −3.2 to −0.6) or 2.6 (95% CI −4.4 to −0.8) points lower, respectively, compared 

with children whose mothers had a BMI of 22 kg/m2 (table 2). Associations were similar for 

an offspring’s reading and spelling scores (table 2). These associations did not statistically 

vary by age at assessment (time).

The magnitude of the difference in mean academic scores by GWG z-score group did not 

vary significantly at ages 6, 10 and 14 years (figure 1D–F). Mean reading and spelling 

scores were 5–6 points lower at ages 6 and 10 years among children of mothers gaining >+1 

SD compared with −1 to +1 SD. At age 14 years, children of mothers with high GWG 

scored a mean of 1–2 points lower on math, reading and spelling tests. Reading and spelling 

scores were lower with high GWG compared with mothers gaining −1 to +1 SD, while 

differences in math scores had a similar relation, but were only of borderline significance 

(table 3). After adjustment, high GWG (>+1 SD) was significantly associated with a nearly 

4-point lower score in reading (adjusted β (adjβ) −3.75, 95% CI −7.1 to −0.4) and spelling 

(adjβ −3.90, 95% CI −7.8 to −0.2), compared with GWG −1 to +1 SD. Math scores were 

also lower, but this difference was not statistically significant. These associations did not 

statistically vary by pre-pregnancy BMI or by age at assessment, despite the appearance of 

attenuation in the magnitude of the effect between GWG and offspring’s achievement scores 

at 14 years.

None of the above findings varied by race or child sex (interaction p>0.05). Results were not 

meaningfully different after including other potential confounders in the models (child sex, 

marital status, maternal education and maternal anxiety), limiting the analysis to those with 

data at all three visits (n=439), or excluding heavy substance users (data available on 

request).

DISCUSSION

Academic performance is an indicator of a child’s general cognitive functioning, social 

acuity and behavioural control, and strongly predicts adult employment and work success.8 

Our findings suggest that children born to obese mothers, or mothers with high GWG, have 

lower math, reading and spelling scores across 6, 10 and 14 years. These relations remained 

after adjustment for measures of cognitive stimulation in the home, socioeconomic status, 

prenatal depression, prenatal substance use and other confounders.

Our results on pre-pregnancy BMI confirm findings in kindergarten-aged children from two 

previous nationally representative studies in the USA. Data from the National Longitudinal 

Study of Youth (1986–2008, n=3412) found that children aged 5–7 years of obese mothers 

scored 2–3 points lower on math and reading portions of the Peabody Individual 

Achievement Test compared with children of normal weight mothers.10 In a second study of 

5200 children ages 5–6 years in the Early Childhood Longitudinal Birth Cohort (2001–

2008),11 children of overweight and obese mothers had a modest decrease in reading, but not 

math scores, on standardised tests developed for this study.11 Our work extends these 
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findings to illustrate that associations between maternal obesity and children’s academic 

performance persist at 10 and 14 years, and therefore, may have long-term effects.

The existing literature on GWG and child academic performance is small, and most found 

no association, which conflicts with the 3–4 point lower scores we observed in an 

offspring’s reading and spelling skills with excessive GWG. In a study of 8704 7-year-old 

siblings in the Collaborative Perinatal Project (1959–1973), GWG above the 2009 Institute 

of Medicine guidelines was not associated with an offspring’s math or reading scores (as 

assessed using the WRAT, the same tool we used) compared with GWG within the 

guidelines, after controlling for individual factors and shared factors among siblings.9 In 

nearly 6000 4-year-old children from the Avon Longitudinal Study (1991–1997), GWG 

below the IOM guidelines was associated with a clinically insignificant decrease (<0.1 

point) in an offspring’s composite academic scores.4 Previous studies used large nationally 

representative cohorts while we used a higher risk, low-income sample, which may explain 

the difference in findings. The compounding stressors associated with low SES may 

contribute to a more susceptible environment for excessive GWG to impact academic 

achievement, yet, no previous studies mentioned differences in outcomes by SES. We were 

unable to test effect modification by SES since the Maternal Health Practices and Child 

Development (MHPCD) population only represents a lower SES group of women.

Our results were generally consistent with those from studies in this cohort relating maternal 

BMI to domain-specific cognition (ie, child intelligence and behaviour) (S Pugh, G 

Richardson, J Hutcheon, et al. Gestational weight gain, pre-pregnancy body mass index and 

offspring behavior and attention-deficit hyperactivity disorder symptoms. Unpublished 

manuscript 2015).32 Unlike domain-specific cognition measurements, academic 

achievement synthesises how behavioural and cognitive problems impact real-life 

functioning. Combined, these findings suggest that lower intelligence and clinically 

significant problem behaviours at age 10 years due to maternal BMI and GWG translate into 

significantly worse functional skills. However, the associations with GWG differed in 

previous studies where we observed only a trend towards increasing deficits associated with 

high maternal GWG. While the impact of GWG on individual domains may have been too 

small to detect a significant difference, the totality of intelligence and behaviour 

impairments may have impacted academic achievement enough to detect lower scores with 

excessive GWG. In animal studies, offspring of mothers consuming a high-fat diet 

contributing to excessive weight gain during pregnancy had increased circulating 

proinflammatory cytokines, which can disrupt a number of fetal neurodevelopmental 

processes3334 necessary for adequate cognitive and behavioural development.3536

These results must be considered in the context of the study’s limitations. This study is 

observational and cannot determine causality. The pregnancy cohort is comprised of 

substance-using women from a lower socioeconomic status background; therefore, our 

results may only be generalisable to similarly disadvantaged populations. While prenatal 

substance use is a potential concern when assessing offspring cognition, when we examined 

the impact of excluding the high substance-using women on our results, our estimates 

remained unchanged. There is also the potential for attrition bias due to the longitudinal 

follow-up over 14 years. However, the retention rate was high in this cohort at 6 (88%), 10 
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(83%), and 14 (76%) years. This bias may be a concern, since those with and without 

missing data at postpartum assessments did differ by GWG and BMI; however, there were 

no differences by academic achievement scores, maternal race, child sex or prenatal 

substance use. Multiple follow-up assessments strengthened this study because we could 

obtain a more accurate depiction of academic skills, which tend to vary over time.37 We fit a 

generalised estimating equations (GEE) model as opposed to other growth curve models, 

because this cohort did not have an adequate number of gestational weight-gain 

measurements to predict gestational weight-gain trajectories. We relied on self-reported pre-

pregnancy weight, height and total GWG, which may result in misclassification bias.38 

However, since mothers recalled their pre-pregnancy weight at the first visit, and their 

weight within days of delivery, self-reported weight gain is likely close to the true value. 

Unfortunately, we do not have information on the validity of self-reported weight and weight 

gain in this population.

We used a measure of GWG that, by design, is independent of gestational age, which allows 

us to separate the effect of gestational age from GWG. This is especially important when 

studying outcomes correlated with preterm birth, such as academic performance.3940 The 

objective nature and high construct validity and reliability of the WRAT-R and WIAT instils 

confidence that children are correctly classified. In addition, we controlled for a number of 

important confounders including maternal intelligence, socioeconomic status, maternal 

depression, prenatal substance use and child stimulation at home.

Our finding that low GWG was not associated with a child’s academic performance in the 

present study, or cognition in previous work (S Pugh, G Richardson, J Hutcheon, et al. 
Gestational weight gain, pre-pregnancy body mass index and offspring behavior and 

attention-deficit hyperactivity disorder symptoms. Unpublished manuscript 2015)32 is 

important. There is concern that low weight gain, particularly among obese women, may 

impair an offspring’s cognitive function.41 While our results and that of others4910 suggest 

no relationship with low weight gain, we were limited by a mostly lean cohort and few 

women with very low weight gain during pregnancy. Future studies should aim to fill this 

knowledge gap.

Future studies in larger and socioeconomically diverse populations are needed to confirm 

that maternal weight and weight gain are modifiable factors related to child academic skills, 

and whether this effect persists into adulthood. The 2–3 point decrease in academic 

achievement scores that we observed with maternal obesity and excessive GWG may not be 

meaningful for an individual, but the downward shift in the population average may have an 

impact on college attendance, employment and work success.842

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known on this subject

Children of mothers who are obese before pregnancy, or who gain too much weight 

during pregnancy, are at high risk of a number of adverse short-term and long-term 

outcomes. Recent evidence suggests children may also be at an increased risk of impaired 

intelligence and behaviour. However, less is known about the impact of maternal weight 

and weight gain on an offspring’s academic achievement, particularly in late childhood 

and early adolescence.
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What this study adds

Our findings suggest that children born to obese mothers or mothers with high gestational 

weight gain have lower math, reading and spelling scores across ages 6, 10 and 14 years, 

compared with normal weight mothers or mothers with average weight gain. The 

observed decrease in academic achievement scores may not be meaningful for an 

individual, but the downward shift in the population average may have an impact on 

college attendance, employment and work success.
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Figure 1. 
Mean (SEM) academic scores at ages 6 (n=542 pairs), 10 (n=557 pairs) and 14 years (n=468 

pairs) by pre-pregnancy body mass index (A–C) and gestational weight gain z-score (D–F).
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Table 1

Characteristics of the cohort overall, and differences by child academic scores at age 10 years, Pittsburgh, 

Pennsylvania (1983–1986), at enrolment or delivery (n=574 mother–child pairs)

Overall N (%) Math Mean (SD) Reading Mean (SD) Spelling Mean (SD)

Enrolment

Maternal race

 White 276 (48.1) 92.1 (13.3)* 97.7 (14.5)* 95.9 (14.1)*

 Black 298 (51.9) 85.8 (12.0) 90.9 (15.6) 91.3 (14.6)

Marital status

 Never married 388 (67.6) 88.1 (12.3)* 93.1 (15.8)* 92.9 (14.7)

 Married 186 (32.4) 90.3 (14.5) 96.4 (14.5) 94.6 (14.2)

Maternal employment†

 No 420 (73.2) 88.3 (13.1) 93.8 (15.5) 93.1 (14.9)

 Yes 154 (26.8) 90.2 (12.8) 95.1 (15.4) 94.6 (13.6)

Family income (US$ per month)

 <500 351 (61.2) 87.5 (13.0) 92.8 (15.9) 92.0 (14.9)

 ≥500 223 (38.9) 90.8 (12.8) 96.2 (14.9) 95.6 (13.9)

Maternal depression scale

 Not depressed <40 256 (44.6) 89.1 (12.3) 95.1 (14.8) 94.0 (14.2)

 Moderately depressed ≥40 318 (55.4) 88.6 (13.6) 93.4 (15.9) 93.1 (14.8)

Delivery

Prenatal alcohol use (any)

 Never used 152 (36.5) 88.8 (14.0) 93.2 (16.4) 92.4 (15.2)

 Drank 1 trimester 161 (28.1) 89.4 (12.3) 94.8 (14.6) 94.5 (13.5)

 Drank ≥2 trimesters 261 (45.5) 88.4 (13.0) 94.3 (15.5) 93.4 (14.9)

Prenatal marijuana use (any)

 Never used 287 (50.0) 89.0 (13.0) 95.4 (15.3)* 94.2 (14.2)

 Smoked 1 trimester 136 (23.7) 89.7 (13.0) 94.3 (15.3) 93.7 (14.6)

 Smoked ≥2 trimesters 151 (26.3) 87.5 (13.1) 91.5 (15.7) 91.8 (15.2)

Prenatal cigarette use (any)

 Never used 220 (38.3) 89.2 (12.6) 94.3 (14.6) 93.4 (13.4)

 Smoked 1 trimester 44 (7.7) 86.6 (13.8) 90.7 (17.8) 91.1 (16.6)

 Smoked ≥2 trimesters 310 (54.0) 88.9 (13.2) 94.5 (15.6) 93.9 (15.0)

Prenatal illicit drug use throughout pregnancy (any)

 No 508 (88.5) 88.5 (12.9) 93.6 (15.5)* 92.9 (14.5)*

 Yes 66 (11.5) 91.2 (13.6) 98.6 (14.1) 97.5 (14.1)

Child sex

 Female 288 (50.2) 89.7 (12.8) 95.0 (13.6) 95.1 (13.4)*

 Male 286 (49.8) 87.8 (13.3) 93.3 (17.1) 91.8 (15.5)

*
p<0.05.

†
School attendance.
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Table 2

Unadjusted and adjusted non-linear association between pre-pregnancy body mass index (BMI) and 

offspring’s math, reading and spelling scores at ages 6, 10 and 14 years (n=574 unique pairs contributing 1567 

observations)

Pre-pregnancy BMI*
Math β
(95% CI)

Reading β
(95% CI)

Spelling β
(95% CI)

Underweight −0.95 (−3.9 to 1.9) −0.06 (−3.0 to 3.0) 0.69 (−2.5 to 3.9)

Normal weight Reference Reference Reference

Overweight 0.59 (−2.1 to 3.2) 1.62 (−0.9 to 4.1) 2.71 (0.01 to 5.4)

Obese −5.47 (−9.2 to 1.7) −4.63 (−8.5 to −0.8) −4.99 (−8.9 to −1.0)

Pre-pregnancy BMI (kg/m2)† adjβ‡ (95% CI) adjβ‡ (95% CI) adjβ‡ (95% CI)

18 −0.72 (−3.6 to 1.7) −1.33 (−3.9 to 1.3) −1.25 (−4.1 to 1.5)

20 −0.36 (−1.8 to 0.9) −0.67 (−2.1 to 0.7) −0.63 (−2.1 to 0.7)

22 Reference Reference Reference

24 −0.65 (−1.1 to −0.2) −0.54 (−1.0 to −0.1) −0.62 (−1.1 to −0.2)

26 −1.31 (−2.2 to −0.4) −1.09 (−2.1 to −0.1) −1.26 (−2.2 to −0.3)

28 −1.94 (−3.2 to −0.6) −1.62 (−3.1 to −0.1) −1.86 (−3.2 to −0.5)

30 −2.61 (−4.4 to −0.8) −2.18 (−4.1 to −0.2) −2.51 (−4.4 to −0.6)

32 −3.25 (−5.5 to −0.9) −2.70 (−5.1 to −0.2) −3.12 (−5.5 to −0.8)

*
Underweight (BMI <18.5 kg/m2); normal weight (BMI 18.5–24.9 kg/m2); overweight (BMI 25–29.9 kg/m2); obese (BMI ≥30 kg/m2).

†
Linear spline terms with a single knot at a BMI of 22 kg/m2.

‡
Adjusted for age, maternal race, parity, employment, family income, maternal intelligence, home environment, maternal prenatal depression and 

prenatal substance use (marijuana, alcohol, cigarette and illicit drugs).
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