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Abstract

Background: While attention-deficit/hyperactivity disorder (ADHD) has been associated with
higher body mass index (BMI), little research has focused on how this association differs by sex or
race/ethnicity.

Objective: To investigate the association between ADHD and BMI by sex and race/ethnicity
(i.e., European [EA], African [AA] and Hispanic American [HA]).

Methods: Data came from the National Longitudinal Survey of Adolescence to Adult Health
waves Il to IV (n= 13,332, age: 12 to 34 years). Based on self-reported childhood ADHD
symptoms between the ages of 5 and 12 years, participants were categorized into: ADHD
predominantly hyperactive/impulsive (ADHD-HI); ADHD predominantly inattentive (ADHD-I);
ADHD combined (ADHD-C; a combination of ADHD-HI and ADHD-I symptoms); and non-
ADHD.
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Results: The patterns of ADHD-BMI associations in the transition period between adolescent
and young adulthood differed by sex and race/ethnicity. Compared to non-ADHD, ADHD-HI was
associated with higher BMI among EA males and females while ADHD-I was associated with
higher BMI among EA females. ADHD-C was associated with higher BMI for HA females. We
found no evidence of an association among AA males and females and HA males.

Conclusion: These study results suggest that the association between ADHD subtypes and BMI

might differ across population subgroups in the U.S.
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a common childhood-onset
neurodevelopmental disorder that persists into adulthood [1]. In the U.S., the prevalence of
ADHD is 9.5% among individuals aged 4 to 17 years old [2] and 4.4% in the adult
population [3]. A variety of negative behavioral and physical health outcomes, such as
smoking, substance abuse, risky sexual behaviors, sleeping disorder, injuries, pain,
hypertension, diabetes, physical multi-morbidity and early mortality, have all been linked to
ADHD [4-6], which may be associated with its core features (i.e., inattention (I1A), and
hyperactivity/impulsivity (HI)).

Obesity is another negative health outcome that has been linked with ADHD. Cortese et al.
[7-9] concluded that ADHD was positively associated with obesity in children and adults.
For example, Cortese et al. [7], which used information collected in 42 studies, reported that
ADHD was linked with a 55% increase in the risk of being obese among adult and a 20%
increase among children. Nigg et al. [10] also reported that the magnitude of the effect was
larger in adults over 18 years old than in children. Potential mechanisms linking ADHD and
obesity may include genetic factors, poor executive function, dysregulated reward
processing, psychosocial stress, physical activity, eating patterns and sleep pattern
alterations [11-13].

Using information collected in the National Longitudinal Survey of Adolescence to Adult
Health (Add Health), Fuemmeler et al. [14] also suggested a positive association between
ADHD symptoms and obesity during adolescence and young adulthood. Our study builds on
their study and will examine sex and race/ethnic differences in the association between
ADHD and increased body mass index (BMI) trajectories. As of yet, there has been little
focus on this topic even though evidence suggests that there are sex and racial/ethnic
differences in BMI [15, 16] and the prevalence of ADHD in the U.S. [2]. A previous study in
the U.S. sample reported a higher ADHD prevalence in boys (13.3%) than in girls (5.6%)
and in European Americans (EA, 11.5%) than in African Americans (AA, 8.9%) and
Hispanic Americans (HA, 6.3%) [2]. It is possible that these variations may be linked with
different pattern in the association between ADHD and BMI by sex or race/ethnicity. If that
is the case, statistical adjustment for sex or race/ethnicity, which is a common approach in

Pediatr Obes. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Inoue et al.

Methods

Participants

Page 3

previous studies, may mask potentially important differences in the association among race/
ethnicity.

We also focus on the role of three ADHD subtypes, i.e., the predominantly hyperactive-
impulsive type (ADHD-HI), inattentive type (ADHD-1) and combined type (a combination
of the two types (ADHD-C)). Not only comparatively little has been studied in relation to
the association between these subtypes and BMI or obesity, but also have there been mixed
results. For example, Fuemmeler et al. [14] reported that ADHD-HI symptom subtype, but
not ADHD-I symptom subtype or ADHD-C symptom subtype, was associated with higher
odds of obesity in Add Health while Khalife et al. [17] reported among participants from the
Northern Finland Birth Cohort followed up for 8 years from the age of 8 years old that all
three types were associated with obesity. More research is needed to better understand how
these subtypes, which are suggested to have distinct aberrations in brain network
organization [18, 19], are associated with BMI trajectories.

The purpose of this study therefore, is to investigate if there are sex and racial/ethnic
differences in the longitudinal association between childhood ADHD symptom subtypes and
BMI in the transition period between adolescent and young adulthood, using information
collected in the Add Health.

Add Health is a nationally representative, longitudinal study that was initiated in 1994/95. At
that time, 20,745 participants at 132 middle and high schools were recruited into the study
(i.e., in-home interview). More specifically, a probability sample of 80 high schools and its
feeder middle schools were chosen. As some schools had more grades (e.g., Grade 7 to 12
secondary schools), the number of feeder middle school included in the study was 52.
Approximately 17 students were randomly chosen from grade- and sex-strata to yield
approximately 200 adolescents from each of the 80 school pairs. In addition to this,
supplemental samples were drawn based on ethnicity, genetic relatedness to siblings,
adoption status and disability. As a result, the core and supplemental samples in Wave |
included 20,745 adolescents. The cohort was followed up in 1996 (Wave IlI), 2001/02 (Wave
[11), 2007/08 (Wave 1V) and 2016 (Wave V).

We used information obtained in Waves Il to IV when the participants were adolescents and
young adults. After excluding those participants who were not EA, AA or HA (n = 1,876),
those with missing information on BMI (n = 1,470), ADHD symptom subtype (n = 3,989)
and geographic region of residence (n = 78), 13,332 participants were included in the
analytic sample (EA: 3,707 men and 4,141 women; AA: 1,380 men and 1,744 women; HA:
1,181 men and 1,179 women) with 35,043 observations in total. Information on the study
variables is summarized in Table S1.

The study protocol was approved by the Institutional Review Board, University of North
Carolina Chapel Hill. Subjects gave written informed consent for participation in the study.
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Body mass index

Height and weight were measured in Waves |1, 111 and 1V using a tape measure and a digital
scale by trained non-medical field interviewers; height was measured to the nearest 0.5 cm
and weight was measured to the nearest 0.1 kg [20]. Information on BMI was obtained by
calculating weight (kg) divided by squared height (m?). To reduce skewness, BMI was log-
transformed.

Childhood ADHD symptom subtypes

Covariates

ADHD symptom subtypes was defined by using self-reported information collected at Wave
I11; participants were asked to retrospectively describe the presence of symptoms between
the ages of 5 and 12. A total of 17 items from the Diagnostic and Statistical Manual-I1V
(DSM-1V) ADHD symptom list (9 questions on inattention (IA) symptoms and 8 questions
on hyperactivity/impulsivity (HI) symptoms) were used to assess ADHD symptoms.
Response options included ‘never’ or ‘rarely’, ‘sometimes’, ‘often’, ‘very often’ with
participants categorized as having a symptom when they responded ‘often’ or ‘very often.’
Following the lead of Fuemmeler et al. [14], we categorized participants into the following
four ADHD symptom subtypes (i.e., Non-ADHD: < 6 IA symptoms and < 6 HI symptoms;
ADHD-I: = 6 1A symptoms and < 6 HI symptoms; ADHD-HI: < 6 1A symptoms and = 6 HI
symptoms; and ADHD-C: = 6 IA symptoms and = 6 HI symptoms).

Socio-demographic covariates include age (in years; based on information on age in
months), age-squared and age-cubed terms, sex, household income (standardized by
dividing the household income at Wave | by the squared root of the number of household
members, which was then categorized into tertiles), study regions (West, Midwest, South,
and Northeast) and whether BMI was imputed with self-reported measures. We also adjusted
for the oversampling of highly educated AA participants (which was done to ensure that the
sample size was sufficiently large for analyses to be broken down by race/ethnicity and
socioeconomic status) and ancestry (i.e., Mexican, Cuban, Central/South American, Puerto
Rican and other Hispanic) and foreign-born status (i.e., US-born/Foreign-born) for HA.

Information on current smoking (yes/no) and alcohol consumption (no/less than once a
week/once a week or more frequently) was available at each wave, both of which previous
research has linked with obesity [21-23]. Information on marijuana and other illicit drug use
[23, 24] was obtained at each wave by asking participants whether they used drugs during
the past 30 days. Other drugs included cocaine, inhalants, other (Lysergic acid diethylamide
(LSD), phencyclidine (PCP), ecstasy, mushrooms, speed, ice, heroin, or pills) and illegal
drug injection (Wave IlI); cocaine, crystal meth, other (LSD, PCP, ecstasy, mushrooms,
inhalants, ice, heroin, prescription medicines not prescribed for the participants) and illegal
drug injection (Wave I11), and illegal drug injection and participant’s favorite drugs
(MDMAV/Ecstasy, Inhalants, LSD, Heroin, PCP, other illegal drugs) (Wave 1V).

The weekly frequency (bouts) of leisure-time moderate-to-vigorous physical activity
(MVPA) and weekly screen time (i.e., time spent watching TV, playing video games and
being in front of a computer) were assessed. MVVPA was categorized as either high (=5
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bouts) or low (< 5 bouts) following the recommendation of the Centers for Disease Control
and Prevention and the American College of Sports Medicine [25] while screen time was
split into high (14 = hours) and low (< 14 hours) based on the American Academy of
Pediatrics recommendation [26].

In addition, the models were adjusted for depressive symptoms and overeating with loss of
control in the past seven days. Depressive symptoms were defined by asking participants
how often the statement “You felt (were) depressed’ was true during the past seven days.
Response options include: 0 = never or rarely; 1 = sometimes; 2 = a lot of the time; 3 = most
of the time or all of the time; those who answered either “a lot of the time” or ‘most of the
time or all of the time” were categorized as depressed. As for overeating, respondents were
presented with 2 items, i.e., “In the past seven days, have you eaten so much in a short
period that you would have been embarrassed if others had seen you do it?” and “In the past
seven days, have you been afraid to start eating because you thought you wouldn’t be able to
stop or control your eating” with at least one affirmative answer being categorized as a
positive screen. Information on overeating is only available at Wave I11.

Statistical analysis

Results

After checking the three-way interaction among ADHD symptom subtypes, sex and race/
ethnicity in addition to age interaction terms with them (Table S2), a sex and race/ethnicity-
stratified multilevel linear regression model was used to investigate the association between
ADHD symptom subtypes and log-transformed BMI. We incorporated interaction terms
between ADHD symptom subtypes and age (as a cubic polynomial) in the analysis to
account for different trends across time by ADHD symptom subtypes. In addition, we
accounted for multiple measurements from each participant (Level 1), multiple participants
in each school (Level 2) by incorporating random intercepts at these levels and a random
slope at individual measurement. We also jointly tested the age-ADHD subtype interaction
effects, assuming a null hypothesis that interaction terms in relation to age (i.e., age, age-
squared and age-cubic terms) and ADHD subtypes were simultaneously equal to zero.

To interpret our model-based findings, we predicted BMI values at given combinations of
ADHD symptom subtypes and ages (i.e., age ranges between 16 and 30, the age of 80% of
our sample over time, at an interval of 1 year) while holding covariates at their mean values,
which were then converted to non-log transformed values. To test the robustness of our study
findings, we also conducted a set of analyses confining to those who participated in all the
three waves.

The statistical analysis was conducted using Stata version 14.0 (Stata Corp, College Station,
TX). Statistical significance was set at p < 0.05 for main effects and p < 0.10 for interaction
effects (two-tailed).

The basic characteristics of the study participants are presented in Table 1. At wave Il, BMI
was 22.8, 24.3, and 23.6 for EA, AA and HA, respectively and it increased to be 28.5, 30.9
and 29.7 at wave V. The prevalence of ADHD was approximately 10% in EA, and 6 — 7%
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in AA and HA. Among EA and AA, the most prevalent symptom subtype was ADHD-HI
while ADHD-I was most prevalent among HA.

The results of a multilevel regression model investigating the association between ADHD
subtypes and log-transformed BMI are presented in Table 2. Among EA males, there was a
significant interaction between ADHD subtypes and age among EA males (p = 0.096); as
illustrated in Figure 1, the BMI of EA males with ADHD-HI, which did not statistically
differ from that of non-ADHD EA participants at younger ages, became significantly higher
at older ages (e.g., by 1.24 at the age of 30). Among EA females, while there was no
statistically significant interaction between age and ADHD symptom subtypes (p = 0.126),
participants with ADHD-HI and ADHD-I symptom subtypes had higher BMI than non-
ADHD participants across the age range examined in this study.

For AA males, AA females and HA males, we did not find an evidence of interaction
between age and ADHD symptom subtypes. Neither did we find evidence of a statistical
difference in BMI between non-ADHD and any of the ADHD subtype across the age range
examined in this study. As for HA females, there was a statistically significant interaction
between age terms and ADHD symptoms subtypes (p =0.040). At younger ages, HA
females with ADHD-C had a significantly higher BMI than non-ADHD participants but this
difference disappeared at older ages.

A set of analyses in which we confined to those who participated in all the three waves
revealed that the associations observed in the main analyses among EA males and females in
relation to ADHD-HI, the association in relation to ADHD-1 among EA females did not
substantially change (Figure S1). We did not find an evidence of the association in relation
to ADHD-C among HA females.

Discussion

Using a nationally representative, racially/ethnically diverse U.S. sample, our study revealed
that the association between ADHD symptom subtype and BMI across the transition period
from adolescence to adulthood varied by demographic subgroup. More specifically, the
hyperactivity (ADHD-HI) symptom subtype was associated with higher BMI relative to
non-ADHD in EA (across the age range examined in our study in females and at the older
ages in males) but it was not associated with BMI relative to non-ADHD among AA and HA
participants. BMI values were higher in the inattention (ADHD-I) symptom subtype relative
to non-ADHD in EA females across all waves, which was not observed in the other groups
(i.e., EA male, AA males and females, and HA males and females). The combined symptom
subtype (ADHD-C) was associated with a higher BMI relative to non-ADHD in HA females
at adolescence to earlier adulthood, while this association was attenuated when the analysis
was confined to those who participated in all the three waves.

The positive associations between the childhood ADHD symptom subtypes and BMI
observed in this study are in line with previous studies which showed higher prevalence of
obesity among individuals with ADHD without distinction of ADHD subtypes [8-10]. In
addition, our study findings are also in line with several studies that investigated the
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association between childhood ADHD and adolescent/adulthood BMI. For example, Cortese
et al. [27] reported in the U.S. that white boys with ADHD (mean age: 8.3 years old) had
higher BMI at the age of 41 relative to the control. Khalife et al. [17] reported among
participants in Finland that ADHD at the age of 8 was associated with obesity at the age of
16. These study findings, as well as our findings, suggest that the association between
ADHD symptom and BMI persists into adolescent and adulthood even after adjusting for
covariates potentially associated with BMI (i.e., smoking, alcohol consumption, drug use,
screen time, overeating with loss of control and depressive feeling).

Although it is still uncertain how each of the ADHD symptom subtypes (i.e., inattention,
hyperactivity/impulsivity) are linked with body weight, Cortese et al. [13] suggested in their
review that HI symptoms (i.e., impulsivity, in particular) and IA symptoms are linked with
increased body weight through different mechanisms; impulsivity may be associated with
deficient inhibitory control (i.e., poor control over one’s behavior) and delay aversion (e.g.,
tendency to consume readily available fast food, which are, at the same time, usually high in
energy) while the association between IA symptoms and obesity might have resulted from
difficulties in adhering to regular eating pattern and/or initiating activities (contributing to
decreased energy expenditure).

We found sex and racial/ethnic differences in the association between the ADHD subtypes
and higher BMI. The findings reported by Fuemmeler et al. in the Add Health study [14]
that ADHD symptom (ADHD-HI, in particular) was associated with higher BMI was only
replicated in EA in this study and such an association (between ADHD-HI and BMI) was
not found in the other groups. This has an important public health implication as this finding
suggests that risk of obesity associated with ADHD might not be present in some population
subgroups. It is possible that effective treatment of ADHD-obesity comorbidity might be
different in each subgroup. While our current dataset does not allow us to further elucidate
sex and racial/ethnic differences, topics which future research should focus on include, but
should not be limited to, (1) whether the association between ADHD subtypes and potential
mediators (e.g., energy balance) differs by sex and race/ethnicity and (2) whether the
associations between potential mediators and BMI differ by sex and race/ethnicity; these
differences can result from genetic differences, socio-cultural differences and/or the
combination of them. While very few previous studies have stratified by race/ethnicity
instead of adjusting for race/ethnicity (e.g., Lee et al. [28] that used the Add Health data to
investigate the association between ADHD symptoms and smoking trajectories by sex and
race/ethnicity), such an approach seems to be important in order to avoid masking
potentially important differences among population subgroups.

This study has several limitations that need to be addressed. First, we did not have detailed
estimates of diet intake, which limits our capacity to investigate the association between diet
intake and BMI in relation to ADHD. In addition, information on overeating with loss of
control was only available at Wave 111 in this study. Second, information on ADHD
symptom subtypes was not clinically determined and was obtained through a participant
retrospective self-report at wave I11, which might be subject to recall bias or sex or racial/
ethnic differences in responding. In addition, since ADHD symptoms can change across the
life course [29, 30], retrospectively reported ADHD symptomatology between ages 5 and 12
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years old might not have accurately represented ADHD symptomatology during later stages
of the life course. Third, it is possible that ADHD medications may have weight-gain related
side effects, which we do not consider in this study. Lastly, information on health behaviors
was self-reported which might have resulted in the underreporting of socially undesirable
health-related behaviors [31].

In conclusion, this study showed that there were sex and race/ethnicity differences in the
association between ADHD symptom subtypes and BMI in a nationally representative
sample of US middle-high school students followed into adulthood. The ADHD
predominantly-hyperactive/impulsive symptom subtype and the ADHD predominantly-
inattention symptom subtype were associated with BMI in European Americans
(particularly in female participants). Hispanic females with the ADHD combined symptom
subtype had a higher BMI than non-ADHD at younger ages. These study results suggest
heterogeneity in the association between ADHD subtypes and BMI across population
subgroups in the U.S.
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European American African American Hispanic American

Male Female Male Femnale Male Femnale

Non-ADHD = ADHD-HI = ADHD-| == ADHD-C

Figurel.
Predicted BMI values by ADHD subtypes, stratified by sex and race/ethnicity among

participants in the National Longitudinal Survey of Adolescence to Adult Health (waves Il
to IV). The first row shows predicted BMI values by ADHD subtypes and non-ADHD while
the second, third and fourth rows show predicted BMI values with 95% confidence interval,
comparing between ADHD-HI and non-ADHD (the second row), ADHD-I and non-ADHD
(the third row) and ADHD-C and non-ADHD (the fourth row), respectively. ADHD:
attention-deficit/hyperactivity disorder; ADHD-HI: Hyperactive type; ADHD-I: Inattentive
type; ADHD-C: ADHD combined (i.e., a combination of ADHD-HI and ADHD-I
symptoms). Models were adjusted for age, age-squared and age-cubed terms, parental
household income (low/middle/high), study region, high education sample for AA, and
ancestry and foreign-born status for HA.
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