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Abstract 

Background  Attention deficit/hyperactivity disorder (ADHD) has been identified as a risk factor for obesity in both 
children and adolescents. However, the mechanisms underlying the relationship between ADHD and obesity are still 
unclear. This study aimed to test a theoretical model of whether anxiety/depression is an intermediary factor in the 
ADHD-obesity relationship.

Methods  Data were derived from the National Health Interview Survey (NHIS), a principal source of information 
on the health of the civilian noninstitutionalized population of the United States. A total of 35,108 adolescents aged 
12-17 years old from 2010-2015 NHIS and 2016-2018 NHIS representing 46,550,729 individuals in the weighted popu-
lation, had a parent-reported previous ADHD diagnosis, emotional problems, and height and weight data. Mediation 
analyses were used to explore whether anxiety/depression is an intermediary factor in the relationship between ever 
having ADHD and obesity. Mediation analyses were performed using multiple logistic regressions.

Results  The findings showed that ADHD was a predictor of obesity. This relationship was partially mediated by 
depression(2010-2015: β=0.28, 95%CI:0.13-0.43; 2016-2018: β=0.26, 95%CI:0.03-0.49), as well as anxiety (2010-2015: 
β=0.28, 95%CI:0.18-0.38).

Conclusions  Our study suggests the hypothetical role of depression and anxiety as underlying mechanisms in the 
association between ever having ADHD and obesity in adolescents. When treating children with ADHD, clinicians 
need to be particularly attentive to whether they show emotional problems and use interventions to eliminate anxi-
ety/depression to protect against obesity.
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Introduction
Obesity  has become one of the most important public 
health problems in the United States and many other 
countries, affecting ~18% of US children and adoles-
cents [1]. The prevalence of pediatric overweight and 
obesity in all racial and ethnic groups has continued to 
increase in recent decades [2, 3]. As the prevalence of 
obesity increases, so does the prevalence of associated 
comorbidities that affect cardiovascular, endocrine, gas-
trointestinal, psychosocial and pulmonary health, etc., 
namely noncommunicable diseases(NCDs) [4]. The 2030 
Agenda for Sustainable Development proposed a suite of 
Sustainable Development Goals (SDGs),including reduc-
ing premature mortality from NCDs by one-third and 
ending ‘all forms of malnutrition’, including obesity(SDG 
2.2) [5]. Thus, considering the high prevalence and severe 
consequences of obesity, it is vital to reveal its influential 
factors.

Previous studies have suggested that attention deficit/
hyperactivity disorder(ADHD) is a risk factor for obesity 
in both children and adolescents [6-8]. A longitudinal 
study of 6934 children aged 7-8 years old who were fol-
lowed up until 16 years old showed that teacher reported 
ADHD symptoms in childhood could significantly pre-
dict obesity in adolescence [7]. Another study of 336 chil-
dren with ADHD and 665 controls revealed that during 
the follow-up, children with ADHD were 1.23 (95% CI, 
1.00–1.50) times more likely to be obese [9]. However, 
on the contrary, some studies showed evidence indicat-
ing a positive causal effect of body mass index (BMI)on 
ADHD, rather than the opposite [10]. Thus, given the two 
contrary views about the influence of ADHD on obesity, 
it is necessary to further explore the pathway between 
ADHD and obesity, and the pathway may be complicated 
and elusive.

Emotional problems have been found to be strongly 
linked to both ADHD and obesity. A longitudinal geneti-
cally sensitive study launched out by Adi Stern et  al. 
provided evidence that ADHD symptoms predicted emo-
tional symptoms, including anxiety/depression, from 
childhood up to young adulthood through shared genetic 
influences [11]. Studies have also supported that anxi-
ety in childhood was associated with subsequent obe-
sity after controlling for covariant factors. For example, 
Claudia et  al., in their examination characterizing the 
impact of anxiety on the severity of obesity among ado-
lescents, showed that anxiety was significantly associ-
ated with greater BMI [12]. Youth who met the criteria 
for a depressive/anxiety disorder were almost 2.5 times as 
likely to be obese [13]. Moreover,a large cohort study that 
consistently measured BMI and internalizing symptoms 
showed that BMI and internalizing symptoms were asso-
ciated between 7 and 14 years of age [14]. However, to 

date, few studies have investigated the full model of the 
complex relationship among ADHD, emotional problems 
and obesity, especially in adolescents.

Several factors have been suggested to influence the 
association between ADHD and obesity. The link may 
be explained by genetic overlap (such as the shared risk 
allels rs206936 and rs6497416), the underdevelopment of 
the prefrontal cortex, and behaviors that lead to weight 
gain and interactions with environmental factors [15-
17], such as binge eating behavior, less physical activity, 
and sleep disruption. Furthermore, recent studies have 
indicated that the link between ADHD symptoms and 
excessive body weight could be explained by cumulative 
psychosocial risks, mainly focusing on family-related 
risk factors, including over-crowded living conditions 
and parental education level, etc [9]. Fewer studies have 
focused on individual risk factors, such as psychological 
distress.

Therefore, this study intended to further examine the 
relationship among an earlier diagnosis of ADHD, emo-
tional problems and obesity in adolescents by adopting 
a comprehensive model. It was hypothesized that emo-
tional problems would mediate the relationship between 
an earlier diagnosis of ADHD and obesity (Fig.  1, The 
proposed mediation model).

Methods
Participants and study design
The National Health Interview Survey (NHIS) is a prin-
cipal source of information on the health of the civilian 
noninstitutionalized population of the United States and 
is publicly available (https://​www.​cdc.​gov/​nchs/​nhis/​
nhis_​lists​erv.​htm). It is an annual, cross-sectional, in-per-
son household interview survey. Since 1957, the National 
Center for Health Statistics has been collecting annual 
data on a broad range of health topics. Data including 
basic health information, the sociodemographic infor-
mation of all household members and more extensive 
information on one sample adult and one sample child 
per family, are collected by trained personnel from the 
U.S. Census Bureau through personal face-to-face inter-
views conducted throughout the year. A multistage sam-
pling technique is used to obtain a representative sample 
of the U.S. population from each state and the District 
of Columbia. One child who is represented by a proxy 
respondent, typically their parent, is randomly selected 
from each family by the NHIS. Details on the NHIS sam-
ple design are published elsewhere [18, 19].

From a total sample of 75,933 participants who were 
interviewed for the NHIS between 2010 and 2015, a 
subsample of 26,961 participants (aged 12-17 years) was 
eligible for this study. After excluding individuals who 
had ever been told they had mental retardation, autism, 

https://www.cdc.gov/nchs/nhis/nhis_listserv.htm
https://www.cdc.gov/nchs/nhis/nhis_listserv.htm
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Asperger’s syndrome, pervasive developmental or autism 
spectrum disorders, and other relative limitations due 
to developmental delay, 25,471 adolescents representing 
a total weighted population of 23,321,066 were included 
(Fig.  2, The participant inclusion flowchart). We tested 
our hypothesis by analyzing the data from 2010-1015. 
Then, the results were verified through analysis of the 
data from 2016-2018(9,637 adolescents representing 
23,229,663 weighted population).

Measures
Obesity
Obesity was defined as a BMI[weight (kilograms)/height 
(meters) [2]] at or above the 95th percentile for children 
and teens of the same age and sex, which was calculated 
from the information that the respondents supplied 
in response to survey questions regarding height and 
weight, according to the National Center for Health 

Statistics Data Table of BMI-for-age Charts (https://​
www.​cdc.​gov/​growt​hchar​ts/​html_​charts/​bmiag​erev.​htm) 
[20].

Ever having ADHD
Whether participants ever had ADHD was ascertained 
based on whether the parent answered “yes” or “no” to 
the question “Has a doctor or health professional ever 
told you that your child has Attention Deficit Hyperac-
tivity Disorder (ADHD) or Attention Deficit Disorder 
(ADD)?”

Anxiety/depression
Anxiety and depression were defined using separate 
items derived from the short Strengths and Difficulties 
Questionnaire (SDQ), which asked parents to report 
whether their child had many worries or often seemed 
worried, unhappy, depressed or tearful during the past 
6 months. A 3-point Likert scale was used to assess 

Fig. 1  The proposed mediation model. Note: EH ADHD=ever having attention-deficit/hyperactivity disorder

Fig. 2  The participant inclusion flowchart

https://www.cdc.gov/growthcharts/html_charts/bmiagerev.htm)
https://www.cdc.gov/growthcharts/html_charts/bmiagerev.htm)
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compliance with these items, ranging from 0 (not true) to 
2 (certainly true). Responses were dichotomized as posi-
tive ("somewhat true" or "certainly true") versus negative 
("not true") [21]. There is a high correlation between an 
SDQ positive screen and a diagnosis made by a clinician 
[22, 23].

Statistical analyses
Data analyses were executed with the following steps.

First, to present the characteristics of the respond-
ents, descriptive analyses were performed, expressed as 
weighted frequencies and percentages.

Second, to assess the association among ever having 
ADHD, anxiety /depression and obesity, multivariate 
binary logistic regression models were conducted, with 
dichotomized outcomes (i.e., ever having ADHD, anxi-
ety, depression) as independent measures and obesity 
as the dependent measures and adjustment for sex, age, 
race/ethnicity (Hispanic, Non-Hispanic White, Non-
Hispanic Black, Non-Hispanic Asian, Non-Hispanic All 
other race groups), parental education level (less than 
a high school diploma, high school diploma or General 
Educational Development (GED),more than high school), 
family income ($0-$34999, $35000-$74999, $75000-
$99999, $100000 and over) and birth weight, based on 
their known association with obesity from previous stud-
ies [24-29].

Finally, to test the mediation effect of emotional 
problems (i.e., anxiety, depression) on the relationship 
between ever having ADHD and obesity, we conducted 
a follow-up analysis using multivariate binary logistic 
regression adjusting for sex, age, race/ethnicity, parental 
education level, family income and birth weight, accord-
ing to the steps to test for in the mediation analysis of 
categorical variables [30].

Except for the 95% CI of the mediation effect obtained 
by the “R Mediation” package of R Statistical Software (R 
version 4.2.2) [31], all statistical analyses were conducted 
using the SPSS Statistics for Windows, Version 26.0 
Complex Samples module with weighting according to 
guidelines published by the NHIS [18, 19]. Missing values 
were excluded from the analysis (pairwise exclusion).

Results
Sample characteristics and preliminary analyses
The characteristics of the sample and weighted percent 
of the population from the 2010-2015 National Health 
Interview Survey are shown in Table 1. Among the 25,471 
adolescents, 13,034 (50.3%) were male. The mean age was 
14.50 years (standard deviation [SD] = 0.01), and the 
mean birth weight was 3318.87 grams (SD = 5.70). Over-
all, 14.6% of the participants (95% CI 14.0%-15.1%) were 

classified as being obese. A total of 13% of the partici-
pants screened positive for depression, 27.5% screened 
positive for anxiety, and 10.2% screened positive for ever 
having ADHD.

Table 2 presents the results of three multivariate binary 
logistic regression models run separately while control-
ling for sex, race/ethnicity, family income, parental edu-
cation level, age and birth weight, testing the association 
among between ever having ADHD, anxiety, depression 
and obesity. Ever having ADHD was significantly associ-
ated with higher odds of obesity, anxiety, and depression. 
Adolescents with ever having ADHD had statistically 
higher odds of obesity (AOR 1.33, 95% CI 1.14-1.56), 
anxiety (AOR 1.36, 95% CI 1.23-1.50), and depression 
(AOR 1.37, 95% CI 1.18-1.59). Similar results were found 
when performing data analysis of the 2016-2018 NHIS 
combined survey in terms of ever having ADHD and 
depression (Supplementary Table 2s).

Testing for mediation effect
Table  3 shows the results of two multiple logistic 
regression models run separately while controlling for 
covariates to test the mediating role of anxiety on the 
relationship between ever having ADHD and obesity. 
Model 1 showed that ever having ADHD significantly 
predicted the odds of anxiety (AOR 2.43, 95% CI 2.12-
2.77). Model 2 showed that anxiety significantly predicted 
the odds of obesity (AOR 1.32, 95% CI 1.20-1.47), after 
adjusting for ever having ADHD. The indirect effect of 
ever having ADHD on obesity via anxiety was significant 
(indirect effect = 0.25, 95% CI 0.15-0.35), as determined 
by the “RMediation” package of R Statistical Software. 
However, analysis of the 2016-2018 NHIS combined sur-
vey data did not produce similar results (Supplementary 
Table 3s.a).

Table  4 shows the results of two multiple logistic 
regression models run separately while controlling for 
sex, race/ethnicity, family income, parental education, 
age and birth weight to test the mediating role of depres-
sion on the relation between ever having ADHD and 
obesity. Model 1 showed that ever having ADHD signifi-
cantly predicted the odds of depression (AOR 3.00, 95% 
CI 2.58-3.49). Model 2 showed that depression signifi-
cantly predicted the odds of obesity (AOR 1.32, 95% CI 
1.14-1.53), adjusted for ever having ADHD. The indirect 
effect of ever having ADHD on obesity via depression 
was significant (indirect effect = 0.31, 95% CI 0.14-0.48), 
as determined by the “RMediation” package of R Statisti-
cal Software. Similar results were found when perform-
ing the analysis for the data from the 2016-2018 NHIS 
combined survey (Supplementary Table 3s.b).
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Discussion
This study included a large cross-sectional sample of ado-
lescents and formulated a mediated model to investigate 
the influence of ever having ADHD and emotional prob-
lems on adolescent obesity. The results provided support 
for the hypothesis that ever having ADHD was indirectly 
associated with adolescent obesity through anxiety/
depression. These results contribute to a better under-
standing of the influential factors in the development of 
obesity in individuals with ADHD, which may be helpful 
for improving health in this group of population.

The association between ADHD and obesity is now 
well established in adults, while whether it is the same 
in children and adolescents remains unclear [32-35]. 
In the current study, we found a direct link between 
ever having ADHD and adolescent obesity, and further 
analysis showed that depression and anxiety partially 
explained the association between the two conditions. 
There are limited data on the association between ever 

having ADHD and adolescent obesity. Donnchadha 
et al. used a longitudinal sample, and logistic regression 
indicated that ADHD status was not associated with 
overweight/obesity at 9 or 13 years of age, but children 
with ADHD at 9 years of age were significantly more 
likely to be overweight/obese at 13 years of age than 
those without ADHD, and this relationship was largely 
explained by a variety of psychosocial factors [36]. Pre-
viously,, Daphne et al. conducted a prospective longitu-
dinal study consisting of 3294 community participants 
aged from 4-16 years old and found that ADHD in 
adolescence was not associated with increased adult 
BMI, while childhood hyperactivity seemed to be asso-
ciated with adult BMI [37]. Moreover, this association 
was completely accounted for by conduct disturbance. 
A longitudinal population-based study conducted by 
Roxana et al. consisting of a birth cohort indicated that 
childhood ADHD was associated with obesity dur-
ing childhood and young adulthood only in females 

Table 1  Sample characteristics and weighted percent of the population, 2010-2015 National Health Interview Survey

EH ADHD Ever having attention-deficit/hyperactivity disorder, SE Standard Error, CI Confidence interval

Variable and level Estimate SE Weighted percent of 
population (95% CI)

Unweighted 
count

Obesity 3181314.67 71911.49 14.6 (14.0-15.1) 3776

EH ADHD 2383146.33 61898.40 10.2 (9.8-10.7) 2441

Anxiety 6336497.83 121875.60 27.5 (26.8-28.3) 6777

Depression 2996217.50 74891.11 13.0 (12.5-13.6) 3307

Male sex 11725788.33 178644.01 50.3 (49.5-51.1) 13034

Age (in years)

  12 3913582.67 94410.34 16.8 (16.1-17.4) 3860

  13 3932329.67 84767.85 16.9 (16.3-17.4) 3971

  14 3750877.17 84265.61 16.1 (15.5-16.7) 4038

  15 3931170.50 85705.16 16.9 (16.3-17.5) 4336

  16 3977826.17 92170.16 17.1 (16.4-17.7) 4646

  17 3815279.67 76151.94 16.4 (15.8-16.9) 4620

Race/ethnicity

  Hispanic 5222906.83 129766.69 22.4 (21.4-23.4) 7278

  Non-Hispanic White 13196298.83 237627.06 56.6 (55.4-57.8) 11973

  Non-Hispanic Black 3523136.17 93081.43 15.1 (14.4-15.9) 4286

  Non-Hispanic Asian 1134880.17 45792.44 4.9 (4.5-5.2) 1635

  Non-Hispanic All other race groups 243843.83 31139.54 1.0 (0.8-1.3) 299

Family income

  $0-$34,999 6213081.50 127099.88 28.7 (27.7-29.7) 7590

  $35,000-$74,999 6540628.00 124197.31 30.2 (29.3-31.0) 7350

  $75,000-$99,999 2839447.83 81795.18 13.1 (12.5-13.7) 2969

  $100,000 and over 6080036.33 152821.46 28.1 (27.0-29.2) 5764

Parental education

  Less than a high school diploma 2691009.17 78533.85 12.0 (11.4-12.7) 3441

  High school diploma or GED 4284687.50 94281.36 19.2 (18.4-19.9) 4980

  More than high school 15392506.17 241753.47 68.8 (67.8-69.8) 15775
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[9]. In line with this finding, Thais et  al.  recently uti-
lized a population-based birth cohort and discovered 
that ADHD at 11 years of age predicted a higher BMI 
at 15 years of age [38]. However, Bezawit et  al. found 
that the link between ADHD and BMI was stable from 
late childhood (10-12 years) up to early adulthood 
(20-22 years),while no longitudinal direct effects were 
found between ADHD symptoms and BMI, suggesting 
that potential causal effects may be established earlier 
in childhood [39]. Recently, Nora et al. showed that the 
presence of anxiety and ADHD in adolescents increased 

the odds of obesity, with children with ADHD having 
an almost 50% increased odds of obesity [23]. Moreo-
ver, cross-sectional studies have also supported that the 
mean age of onset of ADHD preceded the mean age of 
onset of obesity [7, 37, 40, 41].

A study by Pauli-Pott et  al. concluded that the rela-
tionship between ADHD symptoms and excessive body 
weight was accounted for by psychosocial cumulative 
risks associated with the family environment, including 
parental education level, parental separation and over-
crowed living conditions [9]. Based on this, the current 

Table 2  Results of logistic regression analysis predicting odds of obesity, 2010-2015 National Health Interview Survey

EH ADHD Ever having attention-deficit/hyperactivity disorder, AOR Adjusted odds ratio, CI Confidence interval
* P<0.05, **P<0.01, ***P<0.001
a Missing data, n = 6085
b Missing data, n = 6242
c Missing data, n = 5244

Predictor variable and level Outcome variable: Obesity

Model 1a (n=19386) Model 2b (n=19229) Model 3c(n=19227)

AOR 95%CI AOR 95%CI AOR 95%CI

EH ADHD

  Yes 1.33*** 1.14-1.56

  No Reference

Anxiety

  Yes 1.36*** 1.23-1.50

  No Reference

Depression

  Yes 1.37*** 1.18-1.59

  No Reference

Sex

  Male 1.42*** 1.28-1.58 1.49*** 1.35-1.65 1.48*** 1.33-1.64

  Female Reference Reference Reference

Race/ethnicity

  Hispanic 1.05 0.61-1.81 1.06 0.62-1.81 1.05 0.61-1.80

  Non-Hispanic White 0.73 0.43-1.26 0.75 0.44-1.28 0.75 0.44-1.29

  Non-Hispanic Black 1.11 0.65-1.90 1.16 0.68-1.97 1.14 0.67-1.95

  Non-Hispanic Asian 0.52* 0.28-0.94 0.53* 0.29-0.96 0.52* 0.28-0.95

  Non-Hispanic All other race groups Reference Reference Reference

Family income

  $0-$34,999 2.15*** 1.81-2.56 2.13*** 1.78-2.54 2.12*** 1.78-2.53

  $35,000-$74,999 1.87*** 1.59-2.20 1.85*** 1.57-2.17 1.85*** 1.57-2.17

  $75,000-$99,999 1.61*** 1.31-1.97 1.57*** 1.28-1.93 1.58*** 1.28-1.94

  $100,000 and over Reference Reference Reference

Parental education

  Less than a high school diploma 1.34** 1.13-1.58 1.36** 1.14-1.61 1.33** 1.12-1.58

  High school diploma or GED 1.23** 1.07-1.40 1.25** 1.09-1.43 1.24** 1.08-1.42

  More than high school Reference Reference Reference

  Age (in years) 0.92*** 0.90-0.95 0.92*** 0.89-0.95 0.92*** 0.89-0.95

  Birth weight 1.00*** 1.00-1.00 1.00*** 1.00-1.00 1.00*** 1.00-1.00
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study provided further clarification regarding the possi-
ble mechanisms by which ever having ADHD may lead to 
adolescent obesity at the individual risk factor level. Our 
study identified anxiety/depression as mediators of the 
relationship after controlling for family environmental 
risk factors. To our knowledge, this study was the first to 
examine the mediating role of emotional problems in the 
association of ADHD and obesity in adolescents.

The mechanisms underlying the mediating role of 
depression or anxiety in the relationship between ADHD 
and obesity are not well understood. Current evidence 
suggests the hypothesis of the “psychopathology-to-obe-
sity” pathway.First, shared genetic vulnerability. Recent 

studies have revealed several pleiotropic genes that might 
be shared between mood disorders and obesity, such 
as FTO (encoding fatmass and obesity-associated pro-
tein), BDNF (encoding brain-derived neurotrophic fac-
tor), POMC (encoding proopiomelanocortin), and IGF1 
(encoding insulin-like growth factor 1), as well as shared 
genetic pathways involving serotonin and dopamine 
receptor signaling, leptin signaling, circadian rhythm 
signaling, axonal guidance signaling, and corticotropin-
releasing hormone signaling [34]. These are the molecu-
lar genetic basis for constructing the hypothesis of the 
“psychopathology-to-obesity” pathway.

Table 3  Results of logistic regression analysis testing the mediating role of anxiety on the relation between ever having ADHD and 
obesity, 2010-2015 National Health Interview Survey

AORs are adjusted for sex, race/ethnicity, family income, parental education, age, birth weight. Each column is a logistic regression on model that predicts the criterion 
at the top of the column

EH ADHD Ever having attention-deficit/hyperactivity disorder, AOR Adjusted odds ratio, CI Confidence interval
* P<0.05, **P<0.01, ***P<0.001
a Missing data, n = 5500
b Missing data, n = 6250

Predictors Model 1a (Anxiety,n=19971) Model 2b (Obesity, n=19221)

β (SE) AOR (95%CI) β (SE) AOR (95%CI)

EH ADHD

  Yes 0.89 (0.07)*** 2.43 (2.12-2.77) 0.24 (0.08)** 1.27 (1.08-1.49)

  No Reference Reference

Anxiety

  Yes 0.28 (0.05)*** 1.32 (1.20-1.47)

  No Reference

  Nagelkerke R2 0.05 0.06

Table 4  Results of logistic regression analysis testing the mediating role of depression on the relation between ever having ADHD and 
obesity, 2010-2015 National Health Interview Survey

AORs are adjusted for sex, race/ethnicity, family income, parental education, age, birth weight. Each column is a logistic regression on model that predicts the criterion 
at the top of the column

EH ADHD Ever having attention-deficit/hyperactivity disorder, AOR Adjusted odds ratio, CI Confidence interval
* P<0.05, **P<0.01,***P<0.001
a Missing data, n = 5501
b Missing data, n = 6252

Predictors Model 1a (Depression,n=19970) Model 2b (Obesity, n=19219)

β (SE) AOR (95%CI) β (SE) AOR (95%CI)

EH ADHD

  Yes 1.10 (0.08)*** 3.00 (2.58-3.49) 0.25 (0.08)** 1.28 (1.10-1.50)

  No Reference Reference

Depression

  Yes 0.28 (0.08)*** 1.32 (1.14-1.53)

  No Reference

  Nagelkerke R2 0.07 0.06
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Second, in terms of brain structure and function, 
ADHD, emotional problems and obesity have been 
hypothesized to share common underlying abnormalities 
in brain reward sections, emotion regulation processes 
and executive functions [42]. Regarding the reward sys-
tem, recent neuroimaging studies have shown that stri-
atal reactivity in the monetary incentive delay partially 
mediates the genetic predisposition for ADHD and BMI 
[43]. Reward network studies did not show a consistent 
overlap between ADHD and depression, so prospec-
tive longitudinal studies are needed in the future [44]. In 
terms of emotion regulation processes, which are com-
monly seen both in ADHD and emotional disorders, 
mood lability and poor emotion-regulatory capabilities 
predispose these populations to abnormal eating behav-
iors, such as binge eating [42]. Executive dysfunction, 
which is the core characteristic of ADHD, especially poor 
cortical inhibitory control and impulsivity, could lead to 
overeating and the development of food addiction. More-
over, recent studies have shown associations between 
emotional disorders and various levels of dysexecutive 
features, and evidence has showed that motivational-
emotional (“hot executive”) dysfunction underlies a sub-
set of nonnormative eating behaviors [8].

Third,the psycho-immune-neuro-endocrine network. 
Accumulating evidence suggests that patients with neu-
rodevelopmental disorders share inherent features of 
dysregulated homeostasis systems, including the hypo-
thalamic‒pituitary‒adrenal (HPA)-axis, leptin-ghrelin 
system, insulin resistance, dysbiosis, endocrine and auto-
nomic dysfunctions, and the inflammatory response, 
which ultimately results in excess adiposity and dysme-
tabolism [45]. In addition, a short sleep duration, a lack 
of physical exercise, and medicine use might also mediate 
the association between neurodevelopmental disorders 
and obesity [34].

In addition, obesity and emotional problems share 
common sociodemographic risk factors, including sex, 
birth weight, and parental education level, etc [46-48]. 
Based on this, we set these factors set as control variables 
in this study.

Specific to depression, our mediation analysis further 
revealed that depression mediated 27.87% of the risk 
effect of ADHD on obesity. To date, few studies have 
explored the mediating role of depression in the relation-
ship between ADHD and obesity. In 2009, a cross-sec-
tional study in adults showed that binge eating disorder, 
but not depression, partially mediated the associations 
between ADHD and obesity [49]. However, no corre-
sponding study in children has been reported. In 2014, a 
study involving 171 adult women indicated that depres-
sive symptoms, followed by ADHD inattention symp-
toms and impulsivity, could well predict the presence 

of binge eating in obese individuals [50]. Furthermore, 
a randomized controlled trial (RCT) has already been 
performed to establish the efficacy of nonpharmacologi-
cal interventions targeting the prevention of comorbid 
depression and obesity among adolescents and young 
adults with ADHD [51].

A major strength of the NHIS is the ability to gener-
alize findings to populations. Furthermore, using the 
2016-2018 data, we found more supporting evidence 
that ever having ADHD, depression or anxiety increased 
the risk of obesity in adolescents, as well as the mediat-
ing role of depression in the association between ever 
having ADHD and obesity. Several limitations of this 
study should be noted. First, we obtained the diagnosis 
of ADHD/ADD through retrospective parent interviews, 
which might be subject to recall bias, and we could not 
differentiate ADHD subtypes. Second, the participat-
ing children’s heights and weights were reported by their 
parents rather than clinically measured. Third, we did not 
take into account other variables that may affect body 
weight, such as diet, lifestyle, physical activity, and sleep 
conditions. Fourth, it is possible that ADHD medications 
may have weight‐related side effects, which we did not 
consider in this study.

In conclusion, increasing evidence suggests a connec-
tion between ADHD and obesity in both children and 
adolescents. This understanding may strengthen the pre-
vention and treatment of obesity. It is worth noting that 
recognizing the susceptible factors and populations of 
obesity can improve the effectiveness of obesity treat-
ment. Based on this, our study indicates that ever hav-
ing ADHD is associated with an increased risk of obesity 
in adolescents, and this association is partially mediated 
by emotional problems (depression/anxiety). The results 
suggest that emotional problems might be effective areas 
for interventions aimed at reducing obesity risk in ado-
lescents with ADHD/ADD.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12888-​023-​04882-x.

Additional file 1: Table 1s. Sample characteristics and weighted percent 
of the population, 2016-2018 National Health Interview Survey. Table 2s. 
Results of logistic regression analysis predicting odds of obesity, 2016-
2018 National Health Interview Survey. Table 3s.a. Results of logistic 
regression analysis testing the mediating role of anxiety on the relation 
between ever having ADHD and obesity, 2016-2018 National Health Inter-
view Survey. Table 3s.b. Results of logistic regression analysis testing the 
mediating role of depression on the relation between ever having ADHD 
and obesity, 2016-2018 National Health Interview Survey.

Acknowledgements
We are grateful to Dr. Dongxiao Li, who provided professional writing sugges-
tions for us.

https://doi.org/10.1186/s12888-023-04882-x
https://doi.org/10.1186/s12888-023-04882-x


Page 9 of 10Li et al. BMC Psychiatry          (2023) 23:381 	

Authors’ contributions
KL and LC drafted the manuscript. KL, LC, KW, YJ and XJ acquired, analyzed, 
and interpreted the data. SF and HW edited the manuscript. All authors 
reviewed the manuscript. The author(s) read and approved the final 
manuscript.

Funding
This research is funded by the National Natural Science Foundation of China 
(Grand No. 82000850).

Availability of data and materials
The datasets generated and/or analyzed during the current study are available 
at https://​www.​cdc.​gov/​nchs/​nhis/​nhis_​lists​erv.​htm.

Declarations

Ethics approval and consent to participate
The studies involving human participants were reviewed and approved by 
the Ethics Review Committee of Henan Children’s Hospital. Written informed 
consent to participate in this study was provided by the participants’ legal 
guardian/next of kin.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 13 March 2023   Accepted: 17 May 2023

References
	1.	 Bradwisch SA, Smith EM, Mooney C, Scaccia D. Obesity in children and 

adolescents: An overview. Nursing. 2020;50:60–6.
	2.	 Ogden CL, Carroll MD, Lawman HG, Fryar CD, Kruszon-Moran D, Kit 

BK, et al. Trends in Obesity Prevalence Among Children and Adoles-
cents in the United States, 1988–1994 Through 2013–2014. Jama. 
2016;315:2292–9.

	3.	 Lee H, Pantazis A, Cheng P, Dennisuk L, Clarke PJ, Lee JM. The Association 
Between Adolescent Obesity and Disability Incidence in Young Adult-
hood. J Adolesc Health. 2016;59:472–8.

	4.	 Khalife N, Kantomaa M, Glover V, Tammelin T, Laitinen J, Ebeling H, et al. 
Childhood attention-deficit/hyperactivity disorder symptoms are risk 
factors for obesity and physical inactivity in adolescence. J Am Acad Child 
Adolesc Psychiatry. 2014;53:425–36.

	5.	 Lobstein T, Cooper K. Obesity: a Ghost at the Feast of the Sustainable 
Development Goals. Curr Obes Rep. 2020;9:470–8.

	6.	 Rajan TM, Menon V. Psychiatric disorders and obesity: A review of associa-
tion studies. J Postgrad Med. 2017;63:182–90.

	7.	 Racicka E, Hanć T, Giertuga K, Bryńska A, Wolańczyk T. Prevalence of 
Overweight and Obesity in Children and Adolescents With ADHD: The 
Significance of Comorbidities and Pharmacotherapy. J Atten Disord. 
2018;22:1095–108.

	8.	 Cortese S. The Association between ADHD and Obesity: Intriguing, Pro-
gressively More Investigated, but Still Puzzling. Brain Sci. 2019;9(10):256.

	9.	 Aguirre Castaneda RL, Kumar S, Voigt RG, Leibson CL, Barbaresi WJ, 
Weaver AL, et al. Childhood Attention-Deficit/Hyperactivity Disorder, Sex, 
and Obesity: A Longitudinal Population-Based Study. Mayo Clin Proc. 
2016;91:352–61.

	10.	 Martins-Silva T, Vaz JDS, Hutz MH, Salatino-Oliveira A, Genro JP, Hartwig 
FP, et al. Assessing causality in the association between attention-deficit/
hyperactivity disorder and obesity: a Mendelian randomization study. Int 
J Obes (Lond). 2019;43:2500–8.

	11.	 Stern A, Agnew-Blais JC, Danese A, Fisher HL, Matthews T, Polanczyk GV, 
et al. Associations between ADHD and emotional problems from child-
hood to young adulthood: a longitudinal genetically sensitive study. J 
Child Psychol Psychiatry. 2020;61:1234–42.

	12.	 Fox CK, Gross AC, Rudser KD, Foy AM, Kelly AS. Depression, Anxiety, and 
Severity of Obesity in Adolescents: Is Emotional Eating the Link? Clin 
Pediatr (Phila). 2016;55:1120–5.

	13.	 Koinis-Mitchell D, Rosario-Matos N, Ramírez RR, García P, Canino GJ, 
Ortega AN. Sleep, Depressive/Anxiety Disorders, and Obesity in Puerto 
Rican Youth. J Clin Psychol Med Settings. 2017;24:59–73.

	14.	 Patalay P, Hardman CA. Comorbidity, Codevelopment, and Temporal 
Associations Between Body Mass Index and Internalizing Symptoms 
From Early Childhood to Adolescence. JAMA Psychiatry. 2019;76:721–9.

	15.	 Matheson BE, Eichen DM. A Review of Childhood Behavioral Problems 
and Disorders in the Development of Obesity: Attention Deficit/Hyper-
activity Disorder, Autism Spectrum Disorder, and Beyond. Curr Obes Rep. 
2018;7:19–26.

	16.	 Pauli-Pott U, Reinhardt A, Bagus E, Wollenberg B, Schroer A, Heinzel-
Gutenbrunner M, et al. Psychosocial risk factors underlie the link between 
attention deficit hyperactivity symptoms and overweight at school entry. 
Eur Child Adolesc Psychiatry. 2017;26:67–73.

	17.	 Graziano PA, Bagner DM, Waxmonsky JG, Reid A, McNamara JP, Geffken 
GR. Co-occurring weight problems among children with attention 
deficit/hyperactivity disorder: the role of executive functioning. Int J Obes 
(Lond). 2012;36:567–72.

	18.	 Parsons VL, Moriarity C, Jonas K, Moore TF, Davis KE, Tompkins L. Design 
and estimation for the national health interview survey, 2006–2015. Vital 
Health Stat. 2014;2:1–53.

	19.	 Moriarity C, Parsons VL, Jonas K, Schar BG, Bose J, Bramlett MD. Sample 
Design and Estimation Structures for the National Health Interview 
Survey, 2016–2025. Vital Health Stat. 2022;1:1–30.

	20.	 Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei Z, 
et al. CDC Growth Charts for the United States: methods and develop-
ment. Vital Health Stat. 2000;11(2002):1–190.

	21.	 Classi P, Milton D, Ward S, Sarsour K, Johnston J. Social and emotional 
difficulties in children with ADHD and the impact on school attend-
ance and healthcare utilization. Child Adolesc Psychiatry Ment Health. 
2012;6:33.

	22.	 Goodman R. The Strengths and Difficulties Questionnaire: a research 
note. J Child Psychol Psychiatry. 1997;38:581–6.

	23.	 Vish NL, Braun J, King M, Stolfi A. Obesity in Adolescents: Understand-
ing the Combined Role of Food Security and Emotional and Behavioral 
Disorders. J Adolesc Health. 2022;71:502–7.

	24.	 The NS, Adair LS, Gordon-Larsen P. A study of the birth weight-obesity 
relation using a longitudinal cohort and sibling and twin pairs. Am J 
Epidemiol. 2010;172:549–57.

	25.	 Chau K, Baumann M, Chau N. Socioeconomic inequities patterns of 
multi-morbidity in early adolescence. Int J Equity Health. 2013;12:65.

	26.	 Patel R, Lawlor DA, Kramer MS, Smith GD, Bogdanovich N, Matush L, et al. 
Socio-economic position and adiposity among children and their parents 
in the Republic of Belarus. Eur J Public Health. 2011;21:158–65.

	27.	 Nurwanti E, Hadi H, Chang JS, Chao JC, Paramashanti BA, Gittelsohn J, 
et al. Rural-Urban Differences in Dietary Behavior and Obesity: Results of 
the Riskesdas Study in 10-18-Year-Old Indonesian Children and Adoles-
cents. Nutrients. 2019;11(11):2813.

	28.	 Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity and trends 
in body mass index among US children and adolescents, 1999–2010. 
Jama. 2012;307:483–90.

	29.	 Kachi Y, Abe A, Eguchi H, Inoue A, Tsutsumi A. Mothers’ nonstandard work 
schedules and adolescent obesity: a population-based cross-sectional 
study in the Tokyo metropolitan area. BMC Public Health. 2021;21:237.

	30.	 Iacobucci D. Mediation analysis and categorical variables: The final fron-
tier. J Consum Psychol. 2012;22:582–94.

	31.	 Tofighi D, MacKinnon DP. RMediation: an R package for mediation analy-
sis confidence intervals. Behav Res Methods. 2011;43:692–700.

	32.	 Cortese S, Ramos Olazagasti MA, Klein RG, Castellanos FX, Proal E, Man-
nuzza S. Obesity in men with childhood ADHD: a 33-year controlled, 
prospective, follow-up study. Pediatrics. 2013;131:e1731-8.

	33.	 Kerekes N, Tajnia A, Lichtenstein P, Lundström S, Anckarsäter H, Nilsson 
T, et al. Neurodevelopmental problems and extremes in BMI. PeerJ. 
2015;3:e1024.

	34.	 Penninx B, Lange SMM. Metabolic syndrome in psychiatric patients: 
overview, mechanisms, and implications. Dialogues Clin Neurosci. 
2018;20:63–73.

https://www.cdc.gov/nchs/nhis/nhis_listserv.htm


Page 10 of 10Li et al. BMC Psychiatry          (2023) 23:381 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	35.	 Türkoğlu S, Bilgiç A, Akça ÖF. ADHD symptoms, breast-feeding and obe-
sity in children and adolescents. Pediatr Int. 2015;57:546–51.

	36.	 Donnchadha S, Bramham J, Greene C. Rethinking the association 
between overweight/obesity and ADHD in children: a longitudinal and 
psychosocial perspective. Ir J Psychol Med. 2020:1-14.

	37.	 Korczak DJ, Lipman E, Morrison K, Duku E, Szatmari P. Child and ado-
lescent psychopathology predicts increased adult body mass index: 
results from a prospective community sample. J Dev Behav Pediatr. 
2014;35:108–17.

	38.	 Martins-Silva T, Dos Santos Vaz J, Schäfer JL, Salum GA, Carpena MX, Vitola 
ES, et al. ADHD in childhood predicts BMI and body composition meas-
urements over time in a population-based birth cohort. Int J Obes (Lond). 
2022;46:1204–11.

	39.	 Kase BE, Rommelse N, Chen Q, Li L, Andersson A, Du Rietz E, et al. Lon-
gitudinal Associations Between Symptoms of ADHD and BMI From Late 
Childhood to Early Adulthood. Pediatrics. 2021;147(6):e2020036657.

	40.	 Brunault P, Frammery J, Montaudon P, De Luca A, Hankard R, Ducluzeau 
PH, et al. Adulthood and childhood ADHD in patients consulting for 
obesity is associated with food addiction and binge eating, but not sleep 
apnea syndrome. Appetite. 2019;136:25–32.

	41.	 Hanć T. ADHD as a risk factor for obesity. Current state of research. Psychi-
atr Pol. 2018;52:309–22.

	42.	 Weiss F, Barbuti M, Carignani G, Calderone A, Santini F, Maremmani I, et al. 
Psychiatric Aspects of Obesity: A Narrative Review of Pathophysiology 
and Psychopathology. J Clin Med. 2020;9(8):2344.

	43.	 Barker ED, Ing A, Biondo F, Jia T, Pingault JB, Du Rietz E, et al. Do ADHD-
impulsivity and BMI have shared polygenic and neural correlates? Mol 
Psychiatry. 2021;26:1019–28.

	44.	 Grimm O, van Rooij D, Hoogman M, Klein M, Buitelaar J, Franke B, et al. 
Transdiagnostic neuroimaging of reward system phenotypes in ADHD 
and comorbid disorders. Neurosci Biobehav Rev. 2021;128:165–81.

	45.	 Lopresti AL, Drummond PD. Obesity and psychiatric disorders: com-
monalities in dysregulated biological pathways and their implications for 
treatment. Prog Neuropsychopharmacol Biol Psychiatry. 2013;45:92–9.

	46.	 Smith JD, Fu E, Kobayashi MA. Prevention and Management of Childhood 
Obesity and Its Psychological and Health Comorbidities. Annu Rev Clin 
Psychol. 2020;16:351–78.

	47.	 Lee EY, Yoon KH. Epidemic obesity in children and adolescents: risk fac-
tors and prevention. Front Med. 2018;12:658–66.

	48.	 LoParo D, Fonseca AC, Matos APM, Craighead WE. Anxiety and 
Depression from Childhood to Young Adulthood: Trajectories and 
Risk Factors. Child Psychiatry Hum Dev. 2022. https://​doi.​org/​10.​1007/​
s10578-​022-​01391-y.

	49.	 Pagoto SL, Curtin C, Lemon SC, Bandini LG, Schneider KL, Bodenlos JS, 
et al. Association between adult attention deficit/hyperactivity disorder 
and obesity in the US population. Obesity (Silver Spring). 2009;17:539–44.

	50.	 Nazar BP, Suwwan R, de Sousa Pinna CM, Duchesne M, Freitas SR, 
Sergeant J, et al. Influence of attention-deficit/hyperactivity disorder 
on binge eating behaviors and psychiatric comorbidity profile of obese 
women. Compr Psychiatry. 2014;55:572–8.

	51.	 Mayer JS, Hees K, Medda J, Grimm O, Asherson P, Bellina M, et al. Bright 
light therapy versus physical exercise to prevent co-morbid depression 
and obesity in adolescents and young adults with attention-deficit / 
hyperactivity disorder: study protocol for a randomized controlled trial. 
Trials. 2018;19:140.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s10578-022-01391-y
https://doi.org/10.1007/s10578-022-01391-y

	Emotional problems mediate the association between attention deficithyperactivity disorder and obesity in adolescents
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Participants and study design
	Measures
	Obesity
	Ever having ADHD
	Anxietydepression

	Statistical analyses

	Results
	Sample characteristics and preliminary analyses
	Testing for mediation effect

	Discussion
	Anchor 19
	Acknowledgements
	References


