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Abstract

Background—Maternal pre-pregnancy obesity, in term-born children, is associated with an 

increased risk of attention problems, however this relationship has not been explored among 

children born extremely preterm.

Aim—To estimate the risk of attention problems at age 10 years in children born very preterm to 

overweight (i.e., body mass index (BMI) 25-29 kg/m2) and obese (i.e., BMI ≥ 30 kg/m2) women 

relative to the risk among children born to women who were neither overweight nor obese (i.e. 

BMI < 25 kg/m2).

Study design—Multi-center prospective cohort study.

Methods—A total of 764 children born before the 28th week of gestation and whose mother’s 

pre-pregnancy height and pre-pregnancy weight were obtained at birth had an IQ ≥ 70 at age 10 
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years when parents and teachers completed Child Symptom Inventory-4 questionnaires that 

included items about the presence of ADHD.

Results—Compared to children whose mother’s pre-pregnancy weight was in the normal range 

(BMI <25 kg/m2), children were at increased risk of parent-identified ADHD behaviors if their 

mother was overweight (odds ratio (OR) = 1.9; 95% confidence interval (CI): 1.1, 3.3), or obese 

(OR = 2.3; 95% CI: 1.4, 3.9). They were not at increased risk of teacher-identified ADHD 

characteristics if their mother was overweight before her pregnancy (OR = 1.0; 95% CI: 0.6, 1.8), 

or obese (OR = 1.0; 95% CI: 0.6, 1.6).

Conclusion—Maternal overweight and obesity are associated with increased risk of parent-

identified ADHD characteristics at 10 years of age in children born extremely preterm.

Introduction

More than one-third of women entering pregnancy in 2013-2014 in the United States were 

obese [1]. The offspring of obese mothers also appear to be at increased risk of 

developmental delays [2, 3], learning problems in reading and math skills [4], schizophrenia 

[5], autism [6] and attention problems (AP) [7-9]. More specifically, children born very 

preterm (<32 weeks) and/or with a very low birth weight (<1,500 g) score less favorably on 

parent and teacher ratings of attention problems compared to term-born controls [10-13]. In 

addition, the lower the gestational age, the higher the risk for attention problems [14, 15]. 

Furthermore, attention problems are more common in school-aged children born preterm 

than in children born near term [16-21].

Although both maternal obesity and prematurity are risk factors for attention problems in 

term-born children, to our knowledge, no report has assessed the relationship between high 

maternal pre-pregnancy body mass index (BMI) and attention problems among children 

born extremely preterm. Using data obtained from the ELGAN (Extremely Low Gestational 

Age Newborns) Study [22], we evaluated the hypothesis that compared to extremely preterm 

children born to women who had a normal pre-pregnancy weight (i.e., BMI < 25 kg/m2), 

those born to women who were overweight (i.e., BMI ≥ 25, < 30 kg/m2) or obese (i.e., BMI 

≥ 30 kg/m2) before the pregnancy are more likely to have Attention Deficit Hyperactivity 

Disorder (ADHD) behaviors at age ten years. When the children were 10 years old, the 

ELGAN Study asked parents to complete the Child Symptom Inventory-4 (CSI-4). The 

child’s teacher was asked to do the same, thereby providing information about a second (the 

school) environment.

Methods

The ELGAN study

The ELGAN study is a multi-center prospective, observational study of the risk of structural 

and functional neurologic disorders in extremely preterm infants [22]. Enrollees into this 

study included 1506 infants born before the 28th week of gestation during the years 

2002-2004 and 1200 survived to 2 years. Of the 1198 known to be alive at age 10 years, 966 

were targeted for recruitment. The enrollment and consent processes near the time of birth 

and at age 10 years were approved by the individual institutional review boards.
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Demographic and pregnancy variables

After delivery, a trained research nurse interviewed each mother in her native language using 

a structured data collection form, and obtained information about characteristics of the 

mother and pregnancy, as well as exposures during pregnancy.

Maternal body mass index (BMI)

Each mother was asked to provide her height and pre-pregnancy weight shortly before, or 

shortly after delivery when they were interviewed, usually by a research nurse. These data 

were used to calculate her BMI. The United States government classifies BMIs as follows: < 

18.5 kg/m2 is underweight, 18.5–24.9 kg/m2 is normal, 25.0–29.9 kg/m2 is overweight, 

30.0–34.9 kg/m2 is obese, 35.0–39.9 kg/m2 is very obese, and ≥ 40 kg/m2 is extreme obesity 

[23]. We collapsed these BMI groups into < 25, 25-29.9, and ≥ 30 kg/m2.

Infant characteristics

Neonatal data were collected from the newborn’s medical record. The gestational age 

estimates were based on a hierarchy of the quality of available information. Most desirable 

were estimates based on the dates of embryo retrieval or intrauterine insemination or fetal 

ultrasound before the 14th week (62%). When these were not available, reliance was placed 

sequentially on a fetal ultrasound at 14 or more weeks (29%), last menstrual period without 

fetal ultrasound (7%), and gestational age recorded in the log of the neonatal intensive care 

unit (1%). The birth weight z-score represents the number of standard deviations the infant’s 

birth weight was above or below the median weight of infants at the same gestational age in 

referent samples not delivered for preeclampsia or fetal indications [24, 25].

ADHD assessment

While the child was being assessed for neurocognitive function and academic achievement, 

the parent or caregiver completed questionnaires regarding the child’s medical and 

neurological status and behavior, including the Child Symptom Inventory-4 Parent Checklist 

(CSI-4) [26, 27]. The child’s current teacher was also asked to complete the Child Symptom 

Inventory-4 Teacher Checklist. Teachers and parents did not make any ADD DSM-IV 

diagnosis. Rather, the CSI-4 program identified children as screening positive for these 

diagnoses based on the parents’ or teachers’ acknowledging selected characteristics of the 

child that aligned with DSM-IV symptoms.

Both the parent checklist and the teacher version include the same 18 items specific for 

ADHD symptoms (9 for the inattentive domain and 9 for the hyperactive/impulsive domain) 

that are each rated on a scale from 0 (never) to 3 (very often). For this study, a child was 

classified as screening positive for each ADHD type if s/he was reported to have 6 or more 

of the 9 “symptoms” either sometimes or very often. Parents and teachers differ 

considerably in whom they consider to have ADHD symptoms [28, 29]. Consequently, we 

evaluated parent-identified ADHD symptoms separately from teacher-identified ADHD 

symptoms.
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Data analysis

We began data analysis by seeking to identify potential sources of bias associated with 

which children were and were not assessed (Supplement Table A). We then evaluated the 

null hypothesis that children whose mothers were overweight or obese were no more likely 

than their peers to have CSI-4-defined ADHD behaviors, first as identified by the parent, and 

then as identified by the teacher. In Table 2 and Supplement Tables C and D we tried to 

identify potential confounders of the relationship between maternal pre-pregnancy BMI and 

the child’s screening positive for ADHD. In essence, we were looking for characteristics that 

varied with BMI and ADHD symptoms identified by parent/teacher. The potential 

confounders identified this way and from a review from the literature included mother’s 

identification as Black, maternal age, mother’s years of education and government-provided 

insurance. These were then included in random-effects multivariable logistic regression 

models of parent-identified ADHD characteristics, and separately for teacher-identified 

ADHD characteristics, allowing us to calculate odds ratios and 95% confidence intervals 

(Table 3). Fertility treatment, a strong correlate of socio-economic class, was not included in 

these analyses because these models already had four other correlates of low social class, 

non-white race, low maternal age at the time of delivery, less than a high school education, 

and eligibility for public (government provided) medical care insurance. The random-effects 

models adjusted for the correlation among children from multifetal pregnancies.

Results

Sample description (Table 1) and Characteristics of children eligible for recruitment 
(Supplement Table A)

Of the 966 identified for recruitment, 889 were re-enrolled at age 10 years. Of the 889, 764 

had an IQ ≥ 70, a CSI-4 was completed by a parent and/or a teacher, and 10 years 

previously, we had collected mother’s pre-pregnancy weight and height. They comprise the 

cohort for this report. A total of 151 children (20%) were reported to have ADHD symptoms 

by the mother, while a teacher identified 121 (22%).

Maternal and infant characteristics associated with CSI-4 availability (Supplement Table B)

Of the 77 eligible children not re-enrolled at age 10, 3 would not have been eligible for 

inclusion in this report because their mother’s BMI had not been obtained at birth. To 

identify potential sources of bias, we compared the remaining 74 children to the 764 for 

whom a CSI-4 was available. The children for whom a CSI-4 was available were more likely 

than the children not enrolled to have a mother who identified as White and non-Hispanic, 

was older at the time of delivery, had more formal education, was married at the time of 

delivery, was not eligible for government-provided medical care insurance, and received 

fertility (conception) assistance. The infants were more likely to be female, shared the uterus 

with a sibling, and gestationally older, and heavier at birth.
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Maternal characteristics (Table 2)

In describing the contents of Supplement Tables C and D, we focus on those variables that 

are potential confounders of relationships between maternal BMI and offspring attention 

problems.

Overweight and obese women were more likely than others to identify as Black and the 

children of Black mothers were more likely than others to have teacher-identified ADHD 

behavioral characteristics. Women who delivered before age 21 years were under-

represented among the obese, but their children were more likely than others to be identified 

as having ADHD behaviors by both them and the teacher. Women who had some post-

college education were less likely than others to be overweight or obese and their children 

were less likely than others to be identified as having ADHD characteristics.

Obese women and to a smaller extent, overweight women, were more likely than women of 

normal pre-pregnancy weight to report that they were eligible for government-provided 

insurance. The children of these insurance-eligible women were more likely than others to 

be identified as having ADHD characteristics by both parent and teacher.

The last potential confounder in this table is another socioeconomic characteristic, fertility 

(conception) assistance. Obese and overweight women were less likely than their normal 

weight peers to report fertility assistance and the children whose mothers received fertility 

assistance were less likely than others to have parent- or teacher-identified ADHD behaviors.

Delivery characteristics (Supplement Table C) and Infant characteristics (Supplement 
Table D)

None of the characteristics in either table appears to be a potential confounder.

Multivariable analyses (Table 3)

We created multivariable models of the risk of parent- or teacher-identified ADHD that 

included mother’s pre-pregnancy overweight and obesity, and five indicators of her 

socioeconomic status, racial identification (but only for teacher-identified ADHD, not for 

parent-identified ADHD), age at the time of delivery, years of formal education, and 

eligibility for government-provided insurance. Table 3 is offered to show the odds ratios of 

ADHD symptoms associated with maternal pre-pregnancy overweight and obesity, and with 

potential confounders. The odds ratios of potential confounders should be as just that, and 

not as measures of causal effects [30].

In the model for parent-reported ADHD behaviors, the risk was increased if the mother’s 

pre-pregnancy BMI was in the overweight range (odds ratio (OR) = 1.9; 95% confidence 

interval (CI): 1.1, 3.3), or in the obese range (OR = 2.3; 95% CI: 1.4, 3.9). Only mother’s 

low age at the delivery contributed statistically significant information about increased risk 

(OR = 2.4; 95% CI: 1.1, 5.4).

In the model for teacher-identified ADHD characteristics, the risk was not increased if the 

mother was overweight before her pregnancy (OR = 1.0; 95% CI: 0.6, 1.8), or obese (OR = 

1.0; 95% CI: 0.6, 1.6). Of the five socioeconomic indicators in the original model, only 
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fertility assistance dropped out. Of the remaining four, two were associated with increased 

risk: mother’s identification as not white (OR = 1.8; 95% CI: 1.1, 2.9), and mother’s formal 

education (< 12 years: OR = 1.9; 95% CI: 1.04, 3.5, and 12, < 16 years: OR = 1.9; 95% CI: 

1.03, 3.4).

Discussion

Our main findings are that mother’s pre-pregnancy overweight and obesity status are 

associated with increased risk of parent-identified ADHD characteristics, but not at 

increased risk of teacher-identified ADHD behaviors.

Previous studies of maternal obesity and attention problems

Of the studies that evaluated the relationship between maternal obesity and ADHD in 

childhood, none was limited to children born preterm. One prospective cohort study of 

school-age children found that children of mothers with pre-pregnancy overweight or 

obesity were more likely than others to have high ADHD symptom scores [7]. The small 

number of children in some groups (e.g., n=33 in the lean and large weight-gain group) 

limited the power of the findings. Three studies reported that children aged 6, 7 and 9 years, 

respectively, of obese mothers had significantly greater ADHD symptom severity than 

children of normal weight or overweight mothers [31-33]. Pre-pregnancy obesity was also 

associated with increased risk of offspring ADHD in children from 9 to 18 years old [34]. 

One study reported that maternal overweight was not associated with attention/hyperactivity 

problems [35].

Definition of ADHD behaviors

Studies evaluating the association between maternal BMI and attention problems used 

different rating scales for ADHD behaviors, making it difficult to compare the findings of 

these studies. The CSI-4, which was used in the present study to evaluate parent’s or 

teacher’s report on ADHD symptoms in the child, has not been adequately compared to 

other ADHD assessment instruments [36]. We acknowledge that the CSI-4 is not routinely 

used to assess the existence of ADHD characteristics [37], but certainly contains the 

symptoms that portray the DSM diagnosis of ADHD. The CSI-4 identifies children as 

screening positive for the inattentive and/or hyperactive/impulsive categories of DSM-IV-

related ADHD. Because of poor agreement between parent and teacher about these domains, 

we chose to view all ADHD behaviors as “an important unitary component to ADHD 

symptoms” [38]. This decision is supported by concerns about the validity and stability of 

subtypes [29, 39-42].

Preterm birth and attention problems in children

Attention problems are more common in school-aged children born preterm than in children 

born near term [16-21]. Prematurity is a risk factor for ADHD. Indeed, the lower the 

gestational age at birth, the higher the risk of an attention deficit hyperactivity disorder 

(ADHD) [14, 15]. The CSI-4 is not a diagnostic instrument. Rather, it screens for symptoms 

likely to meet DSM-5 criteria. Although parents and teachers frequently did not agree on 

which children screened positive for ADHD, [43] parents and teachers differed minimally in 
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the prevalence of screening children in our sample as positive for ADHD (20% and 22%, 

respectively).

Discrepancy between parent-identified and teacher-identified ADHD behaviors

We found that the children of overweight or obese mothers were at increased risk of parent-

identified ADHD characteristics, but not at increased risk of teacher-identified ADHD 

behaviors. Although the rates of identification were approximately the same, the same 

children were not being identified by parents and teachers. This discrepancy might reflect, in 

part, the tendency of parents of ELGANs to view their children as vulnerable [44], and to 

have experienced psychological distress and express its consequences later [45]. This 

discrepancy might also reflect the teachers’ having observed many more children, and 

consequently having broader perspective than parents. In addition, teachers’ ADHD scores 

can show instability over time [46]. Another possible explanation for finding discrepancies 

between parent and teacher outcomes, include diverse settings in which parents and teachers 

observe children [47]. The teacher might see the child only when the child is medicated, or 

within the relatively structured environment of the classroom setting, whereas the parent has 

seen the child when not medicated and within the relatively unstructured home setting.

Socioeconomic relationships

Mother’s young age at time of delivery contributed statistically significant socio-economic 

information about increased risk on parent-identified ADHD. Mother’s identification as not 

white and mother’s limited formal education were potential confounders on teacher-

identified ADHD. Young age at time of delivery [48, 49], low maternal education [8, 49-51], 

non-white maternal ethnicity [20], all indicators of low socio-economic status, appear to be 

associated with attention problems in children born prematurely. Others have also reported 

that indicators/correlates of low socioeconomic status, such as maternal smoking [35], 

Hispanic ethnicity [51, 52], and family monthly income [35, 48], housing tenure [48], and 

marital status [48] are associated with attention problems. The possibility of unmeasured 

confounding in this present study remains.

Maternal obesity can convey additional risk information

Maternal pre-pregnancy obesity is associated with inflammation in the offspring [53, 54] and 

epigenetic phenomena [55, 56]. Epigenetic processes have been invoked to explain the 

relationships between impaired development and social status [57], immaturity [58], and 

inflammation [59].

Observers

The American Academy of Pediatrics (AAP) clinical practice ADHD guideline recommends 

that reports of a child’s behaviors be collected from a classroom teacher and from a parent 

[60]. The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-V) 

also requires “several inattentive or hyperactive-impulsive symptoms … in two or more 

settings [61].”

In the ELGAN Study the agreement between parent and teacher report was low. Thus, we 

decided to evaluate parent-identified ADHD behaviors separately from teacher-identified 
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ADHD behaviors [43]. Our finding a relationship between both maternal pre-pregnancy 

overweight and maternal pre-pregnancy obesity with a child’s risk of parent-identified of 

ADHD behaviors, but not with teacher-identified ADHD behaviors adds to the literature 

about how teachers differ from parents in the behaviors they identify under the rubric of 

attention-related symptoms [62]. We have additional findings that the antecedents of parent-

identified ADHD behaviors sometimes differ from the antecedents of teacher-identified 

ADHD behaviors [63].

Strengths and limitations

Among our study’s strengths are its prospective design, the large numbers of children, the 

enrollment of infants based on gestational age rather than birth weight [64], the low attrition 

rate, and the innovation of examining these features in the ELGAN population. Perhaps the 

major limitation of our study is the reliance on the gravida’s report of her pre-pregnancy 

weight. Women have a tendency to under-report their weight [65]. Consequently, our 

reliance on the mother’s report might have resulted in misclassification, and possible 

underestimation of the relationship between mother’s pre-pregnancy obesity and her child’s 

tendency to have ADHD symptoms. The limitations of the CSI-4 are acknowledged [66, 67].

Conclusion

Compared to the children of women with normal pre-pregnancy weight, those born to 

overweight and obese mothers appear to be at increased risk of parent-identified ADHD 

behaviors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Children born very preterm (<32 weeks) have been described via parent and 

teacher ratings as showing significantly more attention problems when 

compared to children born near term.

• Although both maternal obesity and prematurity have been shown to be risk 

factors for attention problems in children, to our knowledge, no report has 

assessed the relationship between high maternal pre-pregnancy body mass 

index (BMI) and attention problems 10 years later among children born 

extremely preterm.

• Compared to the children of women with normal pre-pregnancy weight, those 

born to overweight and obese mothers appear to be at increased risk of parent-

identified ADHD behaviors, but not of teacher-identified ADHD behaviors.
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Table 1

Flowchart of sample description
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Table 3

Odds ratios (point estimates and 95% confidence intervals) for parent or teacher identified ADHD at the top of 

the column associated with the risk factor listed on the left in models of that contain all the other variables that 

have an odds ratio in that column. Both models account for correlation between children from the same 

pregnancy.

Variables

ADHD symptoms

Parent-identified Teacher-identified

Maternal pre-pregnancy BMI (kg/m2) 25,<30 1.9 (1.1, 3.3) 1.0 (0.6, 1.8)

≥ 30 2.3 (1.4, 3.9) 1.0 (0.6, 1.6)

Non-white race Yes ----- 1.8 (1.1, 2.9)

Maternal age, years <21 2.4 (1.1, 5.4) 1.1 (0.5, 2.4)

21-35 1.7 (0.97, 3.0) 1.0 (0.6, 1.8)

Years of education <12 0.9 (0.6, 1.6) 1.9 (1.04, 3.5)

12, <16 0.6 (0.4, 1.1) 1.9 (1.03, 3.4)

Public insurance Yes 1.5 (0.9, 2.5) 1.0 (0.6, 1.9)
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