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Objective: Impulsivity and inattention related to attention
deficit hyperactivity disorder (ADHD) may increase food in-
take and, consequently, weight gain. However, findings on
the association between obesity/overweight and ADHD are
mixed. The authors conducted a meta-analysis to estimate
this association.

Method: A broad range of databases was searched through
Aug. 31, 2014. Unpublished studies were also obtained. Study
quality was rated with the Newcastle-Ottawa Scale. Random-
effects models were used.

Results: Forty-two studies that included a total of 728,136
individuals (48,161 ADHD subjects; 679,975 comparison
subjects) were retained. A significant association between
obesity and ADHD was found for both children (odds ra-
tio=1.20, 95% Cl=1.05-1.37) and adults (odds ratio=1.55, 95%
Cl=1.32-1.81). The pooled prevalence of obesity was in-
creased by about 70% in adults with ADHD (28.2%, 95%
Cl=22.8—-34.4) compared with those without ADHD (16.4%,

Obesity is a major public health issue, affecting 17% of
children and 35% of adults in the United States (1), and obesity
is one of the main causes of morbidity and mortality (2). It has
been estimated that obesity-related medical costs in the
United States will rise to $48 billion-$66 billion per year by
2030 (2). Therefore, itis a public health priority to understand
the factors that contribute to obesity in order to design
evidence-based prevention strategies (3).

Attention deficit hyperactivity disorder (ADHD) is an-
other frequent and impairing condition, with a worldwide
prevalence estimated at about 5% in school-age children (4)
and persistence of impairing symptoms in adulthood in up to
65% of cases (5). Average annual incremental costs of ADHD
in the United States have been calculated at $143 billion-$266
billion (6).

A number of studies have reported a significant association
between obesity and ADHD (e.g., see references 7-10), but
others failed to confirm this finding (e.g., see references 11-13).
The putative association between ADHD and obesity might
seem paradoxical because, rather than being hyperactive,
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95% Cl=13.4-19.9), and by about 40% in children with ADHD
(10.3%, 95% Cl=7.9-13.3) compared with those without
ADHD (7.4%, 95% Cl=5.4-10.1). The significant association
between ADHD and obesity remained when limited to studies
1) reporting odds ratios adjusted for possible confounding
factors; 2) diagnosing ADHD by direct interview; and 3) using
directly measured height and weight. Gender, study setting,
study country, and study quality did not moderate the as-
sociation between obesity and ADHD. ADHD was also sig-
nificantly associated with overweight. Individuals medicated
for ADHD were not at higher risk of obesity.

Conclusions: This study provides meta-analytic evidence
for a significant association between ADHD and obesity/
overweight. Further research should address possible un-
derlying mechanisms and the long-term effects of ADHD
treatments on weight in individuals with both ADHD and
obesity.

AJP in Advance (doi: 10.1176/appi.ajp.2015.15020266)

individuals with obesity are often described as “lazy” (14).
However, the impulsivity and inattention that characterize
ADHD might lead to dysregulated eating patterns with con-
sequent weight gain (15). The role of possible confounders,
including low socioeconomic status and comorbid mental
health conditions, in explaining the association between
obesity and ADHD is still unclear (7, 9,12, 16). In addition, the
role of age, gender, study setting, or study country is also
uncertain (9, 10, 12, 13, 17-19).

Establishing whether, and to what extent, obesity and
ADHD are associated is highly relevant from a clinical and
public health standpoint. Because obesity and ADHD are
common conditions, should a significant association be
found, individuals affected by both would represent a sizable
portion of the general population in need of care. In addition,
the finding of a significant association would prompt research
on underlying causal mechanisms. Finally, the association
might have relevant treatment implications. Indeed, pre-
liminary evidence from a previous study showed that treating
ADHD with psychostimulants reduced obesity in individuals

ajp.psychiatryonline.org 1


http://ajp.psychiatryonline.org

ASSOCIATION BETWEEN ADHD AND OBESITY

with both conditions, possibly because of a sustained de-
crease in impulsivity and improvement in organizational
skills (15).

Given the uncertainty about the association between ADHD
and obesity, as well as the roles of socioeconomic status, psy-
chiatric comorbidities, age, gender, and study setting/country,
we conducted a systematic review and meta-analysis to esti-
mate the association between obesity and ADHD. We hy-
pothesized a significant association, even after taking into
account the aforementioned factors. We performed an addi-
tional meta-analysis of studies reporting data on overweight
because its association with ADHD is also unclear (11-13,
20-22). Finally, to gain insights into the effect of ADHD
medications, we meta-analyzed informative studies.

METHOD

We followed the recommendations of the Meta-Analysis of
Observational Studies in Epidemiology group (23) and the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses statement (24). The protocol of the present meta-
analysis has been published previously (25).

Search Methods

We searched a broad range of electronic databases from in-
ception to Aug. 31, 2014, and also gathered unpublished ma-
terial. Further details are reported in Appendix Al in the data
supplement that accompanies the online edition of this article.

Selection Criteria

Study type. We included studies that reported the degree of
association, expressed as an odds ratio, between obesity and
ADHD, or data for calculating the odds ratio. We considered 1)
population-based studies and 2) clinical studies of individuals
with ADHD compared with non-ADHD controls. We did not
include studies of individuals in bariatric clinics because these
individuals represent a subsample of severely obese individuals,
whereas our meta-analysis focuses on the association between
ADHD and any degree of obesity. For longitudinal studies, we
extracted data at baseline or at the earliest time point.

Population. Individuals with ADHD were those who had 1)
ADHD as defined by DSM or hyperkinetic disorder as defined
by ICD (26); 2) scores above a symptom threshold on a val-
idated ADHD rating scale; 3) a positive answer to the question
“Did your doctor ever tell you that you have ADHD?”; or 4)
a medical record diagnosis of ADHD. The presence of psy-
chiatric comorbidities, which are often associated with
ADHD (27), was not an exclusion criterion. We excluded
studies where ADHD was comorbid with specific disorders
affecting weight (e.g., Prader-Willi syndrome).
Comparison subjects were participants without ADHD.

Outcomes. The primary outcome measure was the odds ratio
expressing the association between obesity and ADHD.

Obesity was defined either by self-report or medical record
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diagnosis or by body mass index (BMI), derived from self-
reported or directly measured weight and height, above a preset
value. In adults this value was a BMI =30, as defined by the
World Health Organization (28). In children there is no con-
sensus on the definition of obesity (29). Whereas some authors
have used BMI >95th, >97th, or >98th percentile for age and
sex, others have relied on percentile curves that pass through
the points of a BMI score of 30 (30). Therefore, we included all
available definitions. Authors of studies reporting BMI or
height and weight, but not obesity rates, were asked to provide
obesity rates based on the following definitions: adults: BMI
=30; children: BMI >95th percentile for age and sex.

The secondary outcome measure was the odds ratio
expressing the association between ADHD and overweight,
defined either by self-report or medical record diagnosis or
by a BMI =25 in adults or >85th percentile in children (31),
derived from self-reported or directly measured weight and
height. Therefore, “overweight” included “obesity.”

Selection of Studies, Data Extraction, and Assessment of
Study Quality

These steps were performed blindly by S.C. and C.R.M.M.,, as
detailed in Appendix Al in the online data supplement. Study
quality was rated using the Newcastle-Ottawa Scale (32), as
recommended by the Cochrane collaboration (33) (see Ap-
pendix A2 in the data supplement).

Statistical Analysis

Odds ratios were extracted when available or calculated from
available data. Meta-analyses used random-effects models.
We chose a random-effects model because it allows the true
population effect size to differ among studies. First, we meta-
analyzed unadjusted odds ratios across all studies. We then
conducted subgroup meta-analyses of studies 1) of children
and adolescents (because of a paucity of data, it was not
possible to separately analyze children and adolescents); 2) of
adults; 3) using a formal diagnosis of ADHD; that is, based on
a psychiatric interview addressing DSM or ICD criteria; 4)
where obesity was defined based on directly measured height
and weight; 5) of population-based samples; and 6) of clinical
samples. To represent the highest quality studies, we pooled
studies with both a formal ADHD diagnosis and direct
measures of height and weight. We then meta-analyzed
adjusted odds ratios. The confounders adjusted for in-
cluded psychiatric comorbidities, such as depression, and
socioeconomic status; these varied across studies (see Table
S1inthe data supplement). Additionally, we performed meta-
regression analyses including unadjusted odds ratios as
outcome and year of study publication, number of participants
with and without ADHD, age group (children/adolescents,
adults), gender, study setting (clinical, population-based),
study country, and the rating on the Newcastle-Ottawa
Scale as regressors. For the outcome “overweight,” we per-
formed only a meta-analysis of unadjusted odds ratios because
there were insufficient data for other analyses. We also per-
formed meta-analyses in medicated and unmedicated subjects,
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selecting studies that report-
ed both data in medicated and
nonmedicated individuals.

CORTESE ET AL.

FIGURE 1. Flow Diagram of Study Selection, as Specified by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) Statement

The meta-analyses and
meta-analytic regressions were

Records identified through
database searching
(N=5,899)*

Additional records identified
through other sources
(N=7)P

weighted by the reciprocal of
the variance of the effect size,
which gives greater weight to
larger studies (34). We used the
I” index to assess the hetero-
geneity of effect sizes. The I?
index estimates the percentage
of variation among effect sizes
that can be attributed to het-
erogeneity. A significant I°
indicates that the degree of
heterogeneity is greater than
would be expected by chance.
We used Egger’s test (35) to
assess publication biases.

Finally, we calculated the
pooled prevalence of obesity
in participants with and
without ADHD, and in sub-
jects medicated and non-
medicated for ADHD, using
random-effects models. Anal-
yses were performed using
STATA 13.1 (SAS Institute,
Cary, N.C.) and Comprehen-
sive Meta-Analysis (http://
www.meta-analysis.com/in-
dex.php).
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@ Results for each electronic database are reported in Appendix Al in the online data supplement.
P These refer to three unpublished studies (36-38) plus four studies (9, 11, 47, 50) that were unpublished when the

RESULTS

Figure 1 shows the study se-

lection process. We retained 42 studies (7-13, 16-18, 20-22,
36-64) for the meta-analysis, comprising 728,136 partic-
ipants: 48,161 with ADHD (46,115 children; 2,046 adults) and
679,975 comparison subjects (616,228 children; 63,747
adults) (see Table S2 in the online data supplement). One
study (51) presented data only for overweight rather than for
obesity. Studies not included in the meta-analysis after as-
sessment of the full text are listed, with reasons for exclusion,
in Table S3 in the data supplement.

The results of all analyses are summarized in Table 1, which
reports tests of heterogeneity and publication bias (Egger’s
test). Our first analysis of all available studies (N=41) reporting
unadjusted odds ratios for obesity found a significant pooled
odds ratio for obesity in individuals with ADHD compared
with controls (odds ratio=1.30, 95% CI=1.16-1.46) (Figure 2).
Heterogeneity was high and significant, while Egger’s test was
not significant. After removing one clear outlier (8), results
remained significant (odds ratio=1.3, 95% CI=1.1-1.4). Because
four studies (43, 45, 59, 64) used unscreened population-based
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search was first conducted and were subsequently published; all seven studies were included in the meta-analysis.
€ References of excluded studies are reported, with reasons for exclusion, in Table S3 in the data supplement.

control groups, which may have included individuals with
ADHD, we repeated the analysis without these studies. Results
were unchanged (odds ratio=1.3, 95% CI=1.1-1.4).

In both analyses limited to children/adolescents and
adults, the pooled odds ratios were significant (odds ra-
tio=1.20, 95% CI=1.05-1.37; and odds ratio=1.55, 95%
CI=1.32-1.81, respectively; for further details, see Appendix
A3 and Figures S1-S2 in the online data supplement).

The pooled prevalence of obesity was increased by about 70%
in adults with ADHD (28.2%, 95% C1=22.8-34.4) compared with
adults without ADHD (16.4%, 95% CI=13.4-19.9) and by about
40% in children with ADHD (10.3%, 95% C1=7.9-13.3) compared
with children without ADHD (7.4%, 95% CI=5.4-10.1).

Subgroup meta-analyses of studies 1) using a formal di-
agnosis of ADHD (odds ratio=1.36, 95% CI=1.12-1.66, Figure
S3 in the data supplement); 2) with measured height and
weight (odds ratio=1.32, 95% CI=1.06-1.66, Figure S4 in the
data supplement); 3) in population-based samples (odds ra-
tio=1.24, 95% CI=1.10-1.39, Figure S5 in the data supplement);
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TABLE 1. Summary of Results Showing Pooled Odds Ratios in the Main Meta-Analysis and in the Subgroup Meta-Analyses

Egger's Test
Heterogeneity (Publication Bias)
N Odds
Outcome Type of Analysis Studies Ratio 95% Cl p X2 p 12 t p
Obesity All available studies 41 130 116-146 <0.0005 19722 <0.0005 79.7 178 0.083
Obesity Limited to children/adolescents 30 120 1.05-137 0.009 16426 <0.0005 823 0.95 0.349
Obesity Limited to adults 1 155 132-181 <0.0005 1390 0178 281 179 0.106
Obesity Limited to studies with a formal 25 136 112-166 0.002 81.68 <0.0005 70.6 0.44 0.66
diagnosis of ADHD
Obesity Limited to studies using measured 24 132 106-166 0.015 110.81 <0.0005 79.2 2.44 0.023
height and weight
Obesity Limited to studies with a formal 17 147 112-1093 0.006 4226 <0.0005 62.1 0.44 0.667
diagnosis of ADHD and measured
height and weight
Obesity Limited to population-based studies 26 124 110-1.39 0.001 146.77 <0.0005 83.0 1.01 0.320
Obesity Limited to clinical studies 15 161 110-235 0.015 4382 <0.0005 681 0.86 0.407
Obesity Limited to studies reporting adjusted 16 127 111-144 <0.0005 2469 0.054 393 2.09 0.056
odds ratios
Overweight  All available studies 22 117 101-1.36  0.042 94.69 <0.0005 77.8 2.44 0.024
(including
obesity)
Obesity Limited to unmedicated participants 12 143 123-167 <0.0005 2115 0.032 48.0 -0.29 0.781
Obesity Limited to medicated participants 12 1.00 0.87-1.15 0.964 22.89 0.018 519 173 0.115

and 4) in clinical samples (odds ratio=1.61, 95% CI=1.10-2.35,
Figure S6 in the data supplement) each found a statistically
significant pooled odds ratio (see Appendix A3 in the data
supplement). The meta-analysis limited to studies with
a formal diagnosis of ADHD and direct measures of height
and weight confirmed a significant association between
ADHD and obesity (odds ratio=1.47, 95% CI=1.12-1.93, see
Figure S7 and Appendix A3 in the data supplement).

The meta-analysis of adjusted odds ratios found a statis-
tically significant pooled odds ratio (odds ratio=1.27, 95%
CI=1.11-1.44, Figure 3). The heterogeneity and publication
bias statistics were not significant.

Meta-regression analysis showed that year of study
publication, number of participants with and without ADHD,
age group, gender, study setting, and rating on the Newcastle-
Ottawa Scale did not significantly influence the pooled odds
ratios. The effect of study country, based on a total of 17
countries, was shy of statistical significance (p=0.0506) (see
Appendix A3 in the online data supplement).

The meta-analysis of odds ratios for overweight (22
studies) found a statistically significant pooled odds ratio
(odds ratio=1.17, 95% CI=1.01-1.36, Figure S8 in the data
supplement); heterogeneity was high and significant, while
Egger’s test was not significant.

Data on both medicated and nonmedicated participants
with ADHD were available from 12 studies. The association
between ADHD and obesity was significant for unmedicated
(odds ratio=1.43, 95% CI=1.23-1.67, Figure 4A) but not for
medicated (odds ratio=1.00, 95% CI=0.87-1.15, Figure 4B)
individuals with ADHD. Further details are reported in
Appendix A3 in the data supplement.

The pooled prevalence of obesity in participants medi-
cated for ADHD (13.8%, 95% CI=11.4-16.6) was decreased by
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about 40% compared with those not medicated (19.2%, 95%
CI=16.1-22.7).

DISCUSSION

To our knowledge, this is the first meta-analysis assessing the
relationship between ADHD and obesity. We found a statis-
tically significant association between these two conditions.
The pooled prevalence of obesity was increased by about 70%
in adults with ADHD and 40% in children with ADHD
compared with subjects without ADHD. These figures,
considering the high prevalence of ADHD and the impair-
ment associated with obesity, translate into a conspicuous
burden for society.

A significant association emerged also when pooling odds
ratios adjusted for possible confounders, including socio-
economic status and comorbid psychiatric conditions (65).
This conclusion should be considered with caution because
the type and number of factors adjusted for varied across
studies; future research should systematically adjust for
a broad set of possible confounders. Special attention should
be given to common ADHD comorbid conditions, such as
depression, that are also associated with obesity.

Using subgroup meta-analyses, we clarified the role of other
factors. We found that the significant association between
obesity and ADHD persisted even when focusing only on studies
with a formal diagnosis of ADHD, making it unlikely that our
results were biased by nonoptimal procedures to detect ADHD,
in particular self-reported diagnoses. Another subgroup meta-
analysis showed that results did not substantially change when
considering only obesity values calculated from directly mea-
sured height and weight, suggesting that lower-quality proce-
dures for measuring obesity did not bias our results.
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FIGURE 2. Unadjusted Odds Ratios Expressing the Association Between Obesity and ADHD?

ADHD Comparison Odds Ratio Weight
Study (N) Subjects (N) (95% Cl) (%)
Azadbakht (39) 36 339 - 1.44 (0.47, 4.38) 0.89
Barkley (36) 52 70 - o 271 (1.21, 6.06) 1.48
Beezhold (40) 76 391 : o 3.80 (1.64, 8.81) 1.39
Bener (20) 1331 1331 —.— : 0.58 (0.42, 0.80) 381
Byrd (41) 412 2638 -.— 0.93(0.71,122) 418
Caci (11) 30 107 <€ . - 0.55 (0.07, 4.12) 0.30
Chen (42) 4302 21510 + 2.06 (1.26, 3.35) 274
Cortese (16) 340 34037 —'— 1.44 (1.06, 1.95) 3.93
Cortese (12) 24 111 - 1.49 (0.56, 4.02) 1.09
Curtin (43) 98 8276 —— 110 (0.65, 1.87) 253
de Zwann (7) 77 1556 _ 2.37 (131, 4.29) 2.22
Dubnov-Raz (13) 275 51 s : 0.40 (0.16, 0.97) 1.26
Erhart (21) 101 2313 — 1.37(0.68, 2.77) 1.80
Eschenbeck (44) 8214 148734 1.43(1.29, 1.58) 521
Faraone (22) 36 976 - - 1.98 (0.68, 5.78) 0.95
Fliers (45) 372 90071 —F 0.63 (0.35, 1.13) 2.26
Fuemmeler (46) 901 10753 . 1.36 (1.19, 1.56) 5.05
Gungor (8) 362 390 : ——— 3010(4.06,223.01) 031
Hanc (47) 219 396 o 0.90 (0.43, 1.89) 1.67
Hartmann (48) 33 33 > . 0.51(0.16, 1.62) 0.84
Hubel (49) 39 30 . * » 2.42(0.24, 24.48) 0.24
Kessler (37) 186 8920 1.40 (1.02, 1.91) 3.87
Khalife (50) 756 111062 111 (0.71, 1.73) 3.00
Kim (52) 6070 60573 119 (1.12, 1.27) 534
Koshy (53) 32 913 : —@——> 430(221,10.43) 157
Lingineni (54) 5529 38510 . 1.45 (119, 1.77) 468
Menegassi (55) 22 21 T #—)» 5.88(0.62, 55.38) 0.25
Pagoto (17) 242 6495 1.49 (1.12,1.99) 4.06
Pauli-Pott (56) 207 153 1.25 (053, 2.94) 1.36
Phillips (57) 845 8141 1.40 (1.17, 1.70) 475
Poulton (58) 34 241 - » 3.88 (110, 13.67) 0.72
Poulton (59) 65 174 0.89 (0.18, 4.41) 0.47
Rojo (18) 7571 27832 0.81(0.73, 0.88) 524
Semeijn (60) 23 208 110 (0.42, 2.82) 115
Smith (38) 540 9659 1.00 (0.80, 1.30) 437
Spencer (9) 95 99 - 2.65 (1.09, 6.45) 1.28
Tashakori (61) 32 32 < 0.64 (0.10, 4.14) 0.36
Waring (10) 5680 57204 1.16 (1.02, 1.31) 510
White (62) 1766 9623 1.07 (0.83, 1.37) 432
Wilhelm (63) 46 48 i 156 (0.66, 3.68) 135
Yang (64) 158 3536 . — 2.86 (1.70, 4.80) 258
Overall (12=79.7%, p=0.000) <> 1.30 (1.16, 1.46) 100.00
T T T T
0.1 0.5 2 10
Absence of Risk Risk of Obesity

@The area of each square is proportional to the weight that the individual study contributed to the meta-analysis. Weights are from random-effects

analysis.

Our meta-regression analysis shed light on the role of
additional factors. Prior work has suggested that the asso-
ciation between ADHD and obesity is influenced by gender.
One study (19) of children and adolescents reported a sig-
nificant association between ADHD symptoms and obesity
only in adolescent females; two other studies (41, 52) found
higher odds ratios in unmedicated female adolescents than in
male adolescents. According to some authors (52), higher

ajp in Advance

rates of binge eating in females may mediate this gender
effect. But, in contrast to these scattered findings, we showed
that gender did not significantly affect the association be-
tween ADHD and obesity.

We also found that age group (children/adolescents versus
adults) did not influence the association between ADHD and
obesity, suggesting that the relationship is already present in
childhood. Because only three studies (43-45) presented data
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FIGURE 3. Adjusted Odds Ratios Expressing the Association Between Obesity and ADHD?

ADHD Comparison Odds Ratio Weight
Study (N) Subjects (N) (95% CI) (%)
Byrd (41) 412 2638 —J—— 0.92 (0.49, 1.75) 331
Chen (42) 4302 21510 -—-— 1.98 (1.15, 3.40) 429
Cortese (16) 340 34037 1.31(0.97, 1.78) 9.07
Cortese (12) 24 111 — 1.38 (0.47, 4.09) 1.30
de Zwann (7) 77 1556 2.42 (1.26, 4.65) 3.18
Fuemmeler (46) 901 10753 1.37 (1.08, 1.74) 11.15
Hanc (47) 219 396 —] 0.79 (0.34, 1.83) 2.06
Kim (52) 6070 60573 1.27 (0.93, 1.74) 8.81
Koshy (53) 32 913 4.66 (1.57, 13.89) 1.28
Lingineni (54) 5529 38510 1.06 (0.81, 1.39) 10.15
Pagoto (17) 242 6495 1.81 (1.19, 2.76) 6.17
Pauli-Pott (56) 207 153 — 1.49 (0.59, 3.79) 1.72
Phillips (57) 845 8141 1.20 (0.98, 1.51) 12.12
Smith (38) 540 9659 1.00 (0.70, 1.20) 10.17
Waring (10) 5680 57204 1.19 (0.75, 1.89) 5.38
White (62) 1766 9623 1.00 (0.80, 1.40) 9.83
Overall (12=39.3%, p=0.054) 1.27 (1.11, 1.44) 100.00

T T
0.1 05

Absence of Risk

Risk of Obesity

@The area of each square is proportional to the weight that the individual study contributed to the meta-analysis. Weights are from random-effects

analysis.

in children and adolescents separately (for details, see Ap-
pendix A4 in the online data supplement), we could not
compare odds ratios in these two developmental periods. Itis
possible that the significant association between ADHD and
obesity in the children/adolescents group was driven either
by the primary school group or by the adolescent group.
Therefore, further research focusing separately on these two
age groups is warranted.

Consistent with our meta-regression analysis, our sub-
group analysis showed that the association between obesity
and ADHD was similar in clinical and population-based
samples; therefore, putative clinical referral biases cannot
account for the association.

The effect of study country failed to reach statistical
significance. This conclusion should be considered with
caution because for the majority of countries only one or two
studies were available. Finally, study quality was not a sig-
nificant predictor in the meta-regression analyses, which is
consistent with our subgroup meta-analysis showing the
persistence of significant results when including only the
most rigorous studies; that is, those with a formal ADHD
diagnosis and in which height and weight were measured
directly. It is also noteworthy that publication bias was not
significant in the majority of the meta-analyses performed.

We also found a significant association between ADHD and
overweight, suggesting that future research in the field should
examine less severe grades of weight excess in addition to obesity.

In the analyses focused on medication status, we found
anonsignificant association in individuals pharmacologically
treated for ADHD, who had rates of obesity that were de-
creased by about 40% compared with those not treated.
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These results should be considered with caution because they
are based on a subset of studies (N=12), although the total
number of participants was still high (9,754 medicated
individuals with ADHD; 7,212 nonmedicated individuals with
ADHD; 176,352 individuals without ADHD). Importantly, our
results based on correlational studies cannot prove that
pharmacological treatment for ADHD decreases the risk of
obesity associated with ADHD. Overall, there is limited
empirical evidence on the short- and long-term effects of
psychostimulants on weight specifically focusing on indi-
viduals with ADHD and obesity. We are aware of only one
naturalistic study (66) showingthat treating comorbid ADHD
in adults with a lengthy history of unsuccessful weight loss
significantly improved weight loss at 15 months. In that study,
appetite suppression vanished within 2 months after the start
of the treatment. The study authors argue that the temporary
anorexigenic effect of psychostimulants could not account for
the observed improvement. Rather, it is possible that the
improvements in executive functioning and decreased im-
pulsivity led to more regular eating patterns, with consequent
better adherence to diet. Given the scant available research,
our results should prompt further investigation on the short-
and long-term effects of psychostimulants on weight, aimed at
establishing whether weight reduction is causally related to
direct metabolic effects of psychostimulants, to long-term
normalization of eating patterns, or to other indirect mecha-
nisms. The effects on obesity of nonpharmacological treat-
ments for ADHD should be systematically investigated as well.

The cross-sectional data that we analyzed do not permit
firm conclusions about causality in the association between
ADHD and obesity. Preliminary longitudinal evidence
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FIGURE 4. Forest Plot Showing the Results of the Subgroup Meta-Analyses of Studies Including Nonmedicated Participants With ADHD

Only and Medicated Participants With ADHD Only?

A. Association Between ADHD and Obesity for Unmedicated Individuals With ADHD

ADHD Comparison Odds Ratio Weight
Study (N) Subjects (N) (95% CI) (%)
Byrd (41) 227 2638 -l‘- 1.23(0.88,1.71) 11.56
Curtin (43) 66 8276 -—:I— 1.54 (0.86, 2.75) 5.44
Dubnov-Raz (13) 140 51 —_— 0.32(0.11, 0.92) 191
Hanc (47) 140 396 — 0.76 (0.30, 1.92) 2.45
Kim (52) 2490 60573 B 1.34 (114, 157) 19.87
Lingineni (54) 1292 38510 - 1.56 (1.36, 1.80) 21.00
Phillips (57) 230 8141 il 1.89 (1.38, 2.60) 12.17
Poulton (58) 34 241 -'—‘—} 3.88(1.10, 13.67) 1.39
Poulton (59) 65 174 _ 0.89 (0.18, 4.41) 0.88
Spencer (9) 66 100 . 3.09 (1.21, 7.86) 241
Waring (10) 2431 57204 = 135(1.12,1.62) 18.59
Wilhelm (63) 31 48 ——l-— 1.53(0.59, 3.98) 2.33
Overall (1>=48.0%, p=0.032) 0 1.43(1.23,1.67) 100.00

Ol.l OI.S 1 é 1IO
Absence of Risk Risk of Obesity
B. Association Between ADHD and Obesity for Medicated Individuals With ADHD

ADHD Comparison Odds Ratio Weight
Study (N) Subjects (N) (95% CI) (%)
Byrd (41) 185 2638 —— 0.57 (0.36, 0.91) 7.02
Curtin (43) 32 8276 < 0.35(0.08, 1.47) 0.90
Dubnov-Raz (13) 135 51 —_— 0.48 (0.18, 1.26) 195
Hanc (47) 79 396 —_— 114 (0.42, 3.13) 1.83
Kim (52) 3580 60573 1.08(0.99, 1.17) 27.15
Lingineni (54) 2801 38510 ‘ 1.23(1.10, 1.36) 25.63
Phillips (57) 365 8141 - 0.77 (0.54, 1.08) 10.61
Poulton (58) 34 241 —_— 1.61(0.33,7.79) 0.77
Poulton (59) 65 174 _ 0.89 (0.18, 4.41) 0.75
Spencer (9) 32 100 —_— 1.64 (0.46, 5.86) 117
Waring (10) 2431 57204 - 1.02 (0.86, 1.20) 21.10
Wilhelm (63) 15 48 —_— 0.88 (0.24, 3.22) 112
Overall (12=51.9%, p=0.018) 1.00 (0.87, 1.15) 100.00

Ol.l OI.S 1 é 1IO
Absence of Risk Risk of Obesity

@The area of each square is proportional to the weight that the individual study contributed to the meta-analysis. Weights are from random-effects

analysis.

suggests that ADHD may temporarily precede, and thus
contribute to, obesity. A prospective study of 8,106 children
(50) concluded that childhood ADHD symptoms predicted
subsequent obesity, rather than the opposite. Another lon-
gitudinal study (12) found that men with a childhood di-
agnosis of ADHD had a twofold higher rate of obesity
compared with those without such a diagnosis. However,
because anthropometric data at baseline were not available,
the results of that study are equivocal.

Lacking a clear signal from longitudinal studies, several
possibilities arise: 1) ADHD could increase the risk of obesity;
2) ADHD and obesity share common biological risk factors,
including genetic variants (67, 68); and 3) obesity or factors
associated with it cause or mimic ADHD.

ajp in Advance

With regard to the first hypothesis, both the impulsive and
inattentive components of ADHD could increase the risk of
obesity (15). Deficient inhibitory control, which is an expression
of impulsivity and characterizes a large subgroup of individuals
with ADHD, could reinforce abnormal eating behaviors that, in
turn, would increase the likelihood of obesity (15). Inattention
and poor planning might cause difficulties in adhering to regular
eating patterns and dietary regimens (15); additionally, lack of
attention may be associated with lack of awareness of food
intake. The hyperactive component of ADHD, as motor over-
activity, would intuitively be considered to decrease, rather than
increase, the risk of obesity, assuming that it increases energy
expenditure and weight loss. However, ADHD motor hyper-
activity is not constant but is modulated by the context. For
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example, it decreases while watching television (69), and
children with ADHD have been shown to watch more television
and engage in less physical activity than comparison subjects
without ADHD (52). In addition, hyperactivity linked to restless
behaviors may also include abnormal eating patterns. Given the
paucity of data, we could not assess the effect of ADHD subtypes,
ADHD symptom severity or frequency, and other variables (e.g.,
watching television, sedentary activity) related to ADHD and
obesity. These represent areas of future research for the field.

The hypothesis of common neurobiological dysfunctions
in obesity and ADHD reflects the recent notion that many
conditions classically thought to be nervous system disorders
also include alterations in other physiological systems (70).
ADHD and obesity may share dopaminergic dysfunctions
underpinning reward deficiency processing, but this un-
derstanding needs to be better evaluated (71). Interestingly,
a “reward deficiency syndrome,” characterized by in-
sufficient dopamine-related natural reinforcement that leads
to “unnatural” immediate rewards (such as inappropriate
eating), has been reported in both ADHD and obesity (71). In
addition, oxidative stress, which is linked to obesity, has also
been associated with ADHD (72). Moreover, treatment with
omega-3 fatty acids, a potent antioxidant, yields significant,
albeit modest, reductions in ADHD symptoms (73).

Finally, it is possible that factors associated with obesity
lead to ADHD-like symptoms. Both sleep-disordered
breathing (71) and shorter or later sleep have been reported
to manifest with ADHD-like symptoms.

Our results have important clinical and public health
implications. The obesity associated with ADHD might ex-
plain why patients with ADHD are at increased risk for higher
cholesterol levels and higher blood pressure (9). Assessing
the risk for obesity should be part of the assessment and
management of ADHD. Clinicians should also screen for
ADHD in individuals who are referred for obesity, especially
those with a previous history of unsuccessful weight-loss
attempts. Although obesity has been found to be associated
with other mental health conditions, such as depression (74)
and anxiety (75), its association with ADHD might be par-
ticularly significant for its potential treatment implications.

Our results should be considered in the context of some
limitations. First, we endeavored to include unpublished
studies, asking experts in the field to provide relevant data,
but we could not contact all experts. The inclusion of data
from unpublished studies can itself introduce bias due to the
willingness of investigators of located unpublished studies to
provide data (18). Second, the definition of obesity in studies
in children was based on different BMI thresholds, reflecting
alack of consensus in the field. Third, the exclusion of studies
in bariatric samples, although sound, may have led to an
underestimation of the strength of the association be-
tween ADHD and obesity. Fourth, we focused on obesity/
overweight, although a bimodal distribution of weight sta-
tus in ADHD is possible, whereby ADHD is associated with
both obesity/overweight and underweight. This should be
assessed in future systematic reviews and meta-analyses.
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Finally, although we aimed to reduce study heterogeneity
by means of subgroup meta-analyses, heterogeneity was still
significant in these subgroup analyses. However, in the
analysis including studies with adjusted odds ratios, the
degree of heterogeneity was not significant.

CONCLUSIONS

We found meta-analytic evidence of a significant association
between obesity/overweight and ADHD, regardless of pos-
sible confounders. Mediational effects and causal mecha-
nisms underlying the association, as well as the long-term
effects of ADHD medications on weight status in individuals
with obesity and ADHD, deserve further attention because of
their important public health implications.
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