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Abstract While psychiatric comorbidities of attention-
deficit/hyperactivity disorder (ADHD) have been exten-
sively explored, less attention has been paid to somatic
conditions possibly associated with this disorder.
However, mounting evidence in the last decade pointed
to a possible significant association between ADHD and
certain somatic conditions, including obesity. This papers
provides an update of a previous systematic review on the
relationship between obesity and ADHD (Cortese and
Vincenzi, Curr Top Behav Neurosci 9:199-218, 2012),
focusing on pertinent peer-reviewed empirical papers pub-
lished since 2012. We conducted a systematic search in
PubMed, Ovid, and Web of Knowledge databases (search
dates: from January Ist, 2012, to July 16th, 2016). We
retained a total of 41 studies, providing information on
the prevalence of obesity in individuals with ADHD, fo-
cusing on the rates of ADHD in individuals with obesity,
or reporting data useful to gain insight into possible
mechanisms underlying the putative association between
ADHD and obesity. Overall, over the past 4 years, an
increasing number of studies have assessed the prevalence
of obesity in individuals with ADHD or the rates of
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ADHD in patients with obesity. Although findings are
mixed across individual studies, meta-analytic evidence
shows a significant association between ADHD and obe-
sity, regardless of possible confounding factors such as
psychiatric comorbidities. An increasing number of stud-
ies have also addressed possible mechanisms underlying
the link between ADHD and obesity, highlighting the
role, among others, of abnormal eating patterns, sedentary
lifestyle, and possible common genetic alterations.
Importantly, recent longitudinal studies support a causal
role of ADHD in contributing to weight gain. The next
generation of studies in the field should explore if and to
which extent the treatment of comorbid ADHD in indi-
viduals with obesity may lead to long-term weight loss,
ultimately improving their overall well-being and quality
of life.

Keywords ADHD - Obesity - Overweight - Eating

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a ma-
jor public health issue. It is one of the most frequent
childhood-onset psychiatric conditions, with an estimated
prevalence exceeding 5% in school-age children [1]. It
has been reported that impairing symptoms of ADHD
persist into adulthood in up to 65% of childhood-onset
cases [2], with a prevalence of ADHD in adults estimated
at ~2.5% [3]. Due to its core symptoms and associated
disorders/conditions, ADHD imposes an enormous burden
on society in terms of psychological dysfunction, adverse
vocational outcomes, stress on families, and societal fi-
nancial costs. The US annual incremental costs of
ADHD have been recently estimated at $143-$266 billion
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[4], and costs are substantial also in other countries as
well (e.g., [S]).

Whereas the comorbidity between ADHD and psychi-
atric disorders has been extensively explored [6], the as-
sociation with somatic conditions has received much less
attention. However, a mounting body of evidence on the
association between neuropsychiatric disorders and medi-
cal conditions has emerged in the past years. In particular,
there has been a focus on the relationship between ADHD
and obesity. Gaining insight into this possible link is high-
ly relevant from a public health perspective, given the
epidemic of obesity and the substantial morbidity (in-
cluding risk for cardiovascular disease, diabetes, and can-
cer) and increased risk of mortality associated with this
condition [7].

Cortese et al. [8e¢] first systematically reviewed the
literature on the relationship between ADHD and obesity
in 2008 and updated this initial review in 2012 [9]. Given
that the body of research has continuously grown since
then, a further update is warranted. In this paper, we re-
view and critically discuss papers on the relationship be-
tween ADHD and obesity/overweight published in the last
4 years (2012-2014).

Methods

Although the present paper is not intended to be a sys-
tematic review with a formal and quantitative appraisal of
the quality of the studies, we performed a systematic
search for original peer-reviewed papers in a set of elec-
tronic databases, including PubMed, Ovid databases
(Medline, PsycINFO, Embase + Embase classic), and ISI
Web of Knowledge (Web of Science [Science Citation
Index Expanded], Biological Abstracts, Biosis, Food
Science and Technology Abstracts). The search terms and
syntax for the search in PubMed were (ADHD OR
Attention-Deficit/Hyperactivity Disorder OR Attention
Deficit Hyperactivity Disorder OR Hyperkinetic Syndrome)
AND (obes* OR overweight). The search terms and syn-
tax were adapted for each of the other electronic data-
bases. References from each paper were examined to
find additional studies possibly missed in the electronic
search.

We searched for studies reporting information on (1)
the prevalence of obesity in individuals with ADHD, (2)
the prevalence of ADHD in individuals with obesity, (3)
possible mechanisms underlying the putative association
between ADHD and obesity, and (4) the implications of
the possible association between ADHD and obesity for
the clinical management of individuals with both condi-
tions. Regarding criteria no. 1 and no. 2, we included only
studies that used either a formal diagnosis of ADHD or in
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which the diagnosis of ADHD was self-reported. In order
to avoid possible bias in the estimation of the prevalence
of ADHD in individuals with obesity or of obesity in
individuals with ADHD, we did not include studies in
which participants presented only with ADHD symptoms
above a cutoff on any scale for ADHD. However, we did
not apply this exclusionary criterion when considering
studies on the possible mechanisms linking ADHD and
obesity, since a dimensional approach can still be infor-
mative in this respect. We did not apply any language
restriction. We searched for reports published from
January 1st, 2012, to July 16th, 2016.

Results

The search retrieved 3412 potentially pertinent hits. After
excluding references not meeting our criteria, we retained
a total of 41 [10-50] studies (Fig. 1 and Tables 1, 2, and
3). Table 4 reports the references excluded [51-57], with
reasons for exclusion. Of the included references, 17
[10-26] provided information on the prevalence of obesi-
ty in individuals with ADHD, 2 [27, 28] included data on
the prevalence of ADHD in individuals with obesity, and
28 [12, 19-22, 25, 29-46, 48-50, 58] reported data useful
to gain insight into possible mechanisms underlying the
putative association between ADHD and obesity (We note
that references providing information both on the preva-
lence of obesity in individuals with ADHD and obesity
and on possible mechanisms were counted twice). Of
note, none of the retrieved studies addressed the implica-
tions of the association between ADHD and obesity for
the management of patients with both conditions.

Details of the studies retained in our review are pre-
sented in Tables 1, 2, and 3, which show first study
author, year of publication, country (or countries) where
the study was carried out, and study key findings. The
results of these studies are reported in the following
sections, highlighting how studies published after 2012
advance previous knowledge summarized in Cortese and
Vincenzi [9].

Prevalence of Obesity/Overweight in Individuals
With ADHD

Cortese and Vincenzi [9] reviewed 12 studies [59-70]. Of
these, six [61, 63—65, 69] more specifically compared the
rates of obesity/overweight between individuals with
ADHD and without ADHD (or from the general popula-
tion). Overall, Cortese and Vincenzi [9] concluded that
studies in both clinical and epidemiological samples sug-
gested that individuals with ADHD have higher than av-
erage BMI-SDS or a higher prevalence of obesity
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compared to non-ADHD subjects. However, one of the
drawbacks highlighted by Cortese and Vincenzi [9] was
that a sizable portion of studies had not controlled for the
possible confounding effect of psychiatric comorbidities,
so that it was not possible to establish to which extent the
increased rates of obesity/overweight found in individuals
with ADHD are accounted for by ADHD per se or by
comorbid psychiatric disorders. In our updated search fo-
cused on the last 4 years, we found 17 additional studies
reporting rates of obesity/overweight in individuals with
ADHD. As shown in Table 1, overall findings from these
studies are still mixed. While some studies showed signif-
icantly higher rates of obesity in individuals with com-
pared to those without ADHD, even after controlling for
possible confounding factors, others did not. Additionally,
the impact of psychostimulant treatment was not consis-
tent across studies, with some of them showing a signif-
icant reduction of the rates of obesity in individuals treat-
ed with psychostimulants and others not confirming such
finding. However, importantly, given the increasing num-
ber of studies, recently, this body of search has been re-
cently meta-analyzed. In fact, currently two meta-analyses
have been published by two different groups. In the first
meta-analysis, Cortese et al. [71+¢] pooled 42 studies, in-
cluding a total of 48,161 ADHD subjects and 679,975
comparison subjects. Cortese et al. [71+¢] found that a
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Not applicable

A 4

significant association between obesity and ADHD was
found for both children (odds ratio=1.20, 95%
CI=1.05-1.37) and adults (odds ratio=1.55, 95%
CI=1.32-1.81). The pooled prevalence of obesity was
increased by about 70% in adults with ADHD (28.2%,
95% CI1=22.8-34.4) compared with those without
ADHD (16.4%, 95% CI=13.4-19.9), and by about 40%
in children with ADHD (10.3%, 95% CI=7.9-13.3) com-
pared with those without ADHD (7.4%, 95% Cl=5.4—
10.1). Interestingly, the significant association remained
when limiting the analysis to studies reporting odds ratio
adjusted for possible confounding factors (such as low
socioeconomic status, comorbid depression, or comorbid
anxiety). Gender, study setting, study country, and study
quality did not moderate the association between obesity
and ADHD. Additionally, ADHD was also significantly
associated with overweight. Importantly, individuals med-
icated for ADHD were not at higher risk of obesity, sug-
gesting that ADHD pharmacological treatment may exert
a protective action on the risk of development of obesity,
although the meta-analysis could not prove this assump-
tion. In the second meta-analysis by Nigg et al. [20ee],
published after the one by Cortese et al. [71e¢], the au-
thors confirmed a significant association between ADHD
and obesity (odd ratio=1.22 (95% CI=1.11-1.34),
highlighting that the association was larger in adults

@ Springer
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Table 2 Key findings from studies on the prevalence of ADHD in individuals with obesity

First author (year) Country  Design

Participants (V) Mean age (SD)/age

range (years)

Key results

Halfon et al. USA Cross-sectional
(2013) [27]
Perez-Bonaventura Spain Longitudinal

etal. (2015) [28]

Total =43,297

43,106 population with
available records

ADHD =3879 (9%)

Non-ADHD =39,418
91%)

10-17

Participants available at
age of 3 years=611
ADHD nonoverweight
(558,3.3%)=20
ADHD overweight
(53,8.3%)=4
Total ADHD =24
Participants available
at age of 4 years =596
ADHD nonoverweight
(541, 4.4%) =24
ADHD overweight
(55, 13.6%)="17

All patients tested
at 3,4, and 5
years

Children with obesity not taking stimulant
medication were significantly more
likely to present with ADHD compared
to nonoverweight children (OR =1.93,
95% CI11.26-2.94; aOR 1.85, 95%

CI 1.18-2.92). This finding was not
significant when considering obese
children taking stimulant medication.

At age 4 years, being overweight was
associated with higher percentages of
ADHD. A higher BMI z-score at age
3 years was related to higher mean
scores in hyperactivity problems, peer
relationship problems, and total
difficulties and to higher percentages
for ADHD at age 4 years.

Total ADHD =31

OR odds ratio, aOR adjusted odds ratio, BMI body mass index

(odd ratio = 1.37 [1.19-1.58]) than in youth (odd ra-
tio=1.13 [1.00-1.27]).

Prevalence of ADHD in Individuals
With Obesity/Overweight

Cortese and Vincenzi [9] presented a total of five studies
[72-76] exploring the prevalence of ADHD in individuals
referred for specialist treatment of obesity. All these studies,
with the exception of Braet et al. [74], reported significantly
higher rates of ADHD in individuals with obesity compared to
controls (either nonobese or general population). In our up-
date, we located an additional two studies [27, 28] both
confirming significantly higher rates of ADHD (as categorical
diagnosis) in individuals with obesity compared to normal
weight controls (Table 2). Of note, the meta-analysis by
Cortese et al. [71¢¢] excluded studies of individuals in bariatric
clinics because these individuals represent a subsample of
severely obese individuals, whereas their meta-analysis fo-
cused on the association between ADHD and any degree of
obesity.

Taking together the two types of studies (focusing on rates
of obesity in individuals with ADHD and on the prevalence
ADHD in individuals with obesity, respectively), it is fair to
state that evidence supports a bidirectional relationship be-
tween ADHD and obesity, irrespective of possible confound-
ing factors.

Studies Suggesting Possible Mechanisms Underlying
the Association Between ADHD and Obesity

When Cortese and Vincenzi [9] wrote their review in 2012,
there was a paucity of studies addressing the possible
mechanisms underlying the association between ADHD
and obesity/overweight. Since all the studies that they
reviewed on the link between the two conditions were
cross-sectional, Cortese and Vincenzi [9] hypothesized
three pathways: (1) obesity/overweigh or factors associat-
ed with obesity/overweight (such as sleep-disordered
breathing) lead to ADHD symptoms, (2) ADHD and obe-
sity are underpinned common biological dysfunction, and
(3) ADHD contributes to obesity. Overall, beyond case
reports, they only found initial evidence from empirical
studies pointing to a role of abnormal eating patterns (in-
cluding binge eating) mediating a link between ADHD and
overweight, possibly supporting hypothesis no. 3 but not
excluding hypothesis no. 1 [77-79].

Over the past 4 years, there have been remarkable pro-
gresses in the understanding of the possible mechanisms
linking ADHD and obesity. In fact, we located 28 studies
[12, 19-22, 25, 2946, 48-50, 58] (Table 3). Several of these
studies [32, 36, 42—44, 46] provide support to the notion that
abnormal eating patterns may contribute to the increased risk
of obesity in individuals with ADHD, although the cross-
sectional nature of the majority of the studies cannot prove
causality. Another series of studies has also pointed to a

@ Springer



Curr Psychiatry Rep (2017) 19: 4

4 Page8ofl5

(S0TSI'1
1D %S6 ‘€S°T JO) STeaA 91 Je uonuapeur pue siedk g e Aejd
aanoe AjredtsAyd paonpar pue ‘(L9 1-10'1 1D %S6 ‘0’1 ¥O)

s1eak 91 18 Aj1anoeur [eo1sAyd pue s1eak
8 18 QHAV 9[qeqoid usam)oq SUONEIO0sse JUedIuSIs a1om 2197 ],
(81'1-69°0 1D %56 “06°0 YO) S¥e34 91 12 AHAY 2Iqeqoid o) sieak
8 & A11s2q0 woxj ‘st Jey) ‘uondanp ausoddo oy ur souedoyUSISUOU
nq (00°€—LE'T % 1D %S6 ‘10°T ¥ O) s1eak 91 1e A1saqo

pue s1ea£ § 8 HAV 9[qeqoid usamioq uoneroosse Juesyrusig

9018=(8 93¢ J¥) [BIOL  [eUIPMIBUO] puejul] [-s€] (#100) T2 3 JIey
“JUB[MITSUOU Y} UI USIP[IYD UL} SAI0IS-Z
TINg Jomo] Apueoyrugis pey dnoid juernums oy ur syuedionted
(500> (975101
1€'7) A19meq [eo13ojoyoAsdonau oy uo 1opeq pauriojiad
oym (QHAY YA USIP[IYD M paredtiod 959q0AYSIoMIdA0
SE PAIJISSE[d 9q 0} A[oYI] 210w d1oMm AI1oyjeq [edr3ojoydAsdomau
oy uo Ap1ood pauuiopred otm qHAY i UIpIIY) 8I—CY dHAV 08=[e}0L  [eUOnI9S-SSOI) vsn [+€] (Z100) Te 10 OueIZEID)
‘(40°0 > d) SUIMIIA UOISIAS[A] dI0UL
pue (10°0 > d) A1anoe [eo1sAyd JO [9A9] JOYSIY © [)IM PJeIOOSse
ApueogruSIs o1om UOUSYEUT SSI] pue A1ANoeIadAY Jo sa100§ 9 0SH=TBI0L, [BUONIIS-SSOI) PUBMIOZIMS [£€]1 (2102) Te 30 10880uaqyg
LTI =dHAV-uoN
¢S =dHav
*(Sunes 93uIq pue SYORUS [BOW-USaMIdq Jurjed Jurpnjour) 6L1 =T8I0,
s101ABYaq Sunes fewouqe ym pajuasaid qHAV Ym swoydwAs 9= HJV-UoN
JUEDOLIUSIS INOYIIM 9SO} JO 9%6"(L "SA O[BIS [ [A-SUSV O JO 6L—61 “(s14 $°7) 605 Sy=dHav
ploysamy oy 2a0qe qHAV Jo swoydwids yum syuoned 25290 Jo 9,788 9,81 (§'SD) €°TY IS =TeI0L [onuod-ase]) uredg [2€] (210D e 12 1900
“IOTAB[QQ [ELIEIUSPAS JO [OAQ] POPUSUITIIOIAT
o903 0} AJoyI] 210w AULOLIUSIS JOU JNQ S[ONUOD UBY) ANANOR
[eo1sAyd JO S[OAS] POPUAUITLIOAI 10U 0} A[SNI] SSA] 9%/ S d1om K[UO 90S = HAV
AHayv ym syuedonied ‘sojqeriea orgdeiSowap 10 SUI[ONUOD 1YY L1-01 168°Sy =orduwies [ej0],  [BUONOIS-SSOID) VSN [211(s102) ‘Te 3@ jJooD
-oryoxd
JIOJOW PUE ‘[EUOTIOWR ‘OANIUS000INU JIAY) UT $302[qns 9s9qo pue
JYSIOMIOAO [EULIOU USIMIIQ SOIUIQPIP JULOPIUSIS OU dIoM I [,
(100 =d) sdnoid (9 1°9¢) JYSIM [EULIOU PUE (%(°ST)
JYSIOMIOA0 Y} UI $309[qns 03 paredwiod (9, ¢°()7) UOHEIIPOW uo UQIP[IYO
Asnoraaxd oq 0y A1 SS9 APUBIYIUSIS 210M URIPIYD QHAY 95240 T1-998' D) S1'6 AHAV $8T=[PIOL  [BUONOAS-SSOL) epeue) [1¢] (agT102) "Te 32 Argpnoy)
‘dHAV Pue 9¢1050851 NS O1d
U9IM]AQ UOTJBIOOSSE JUBOLIUSIS AUB MOUS JOU PIP SNIE)S UOHERIIPIW
pue 2dAiqns qHQV uo paseq sisAfeue Kropetofdxy *(50'0=d) daHav
AHAV ynM pajeroosse A[[ewisrens sem auds 9¢105088! NS OLA 19981 S0°6 USIP[IYD [Sy=[BI0L  [BUONOSS-SSOID epeue) [o€] (e€102) Te 10 Awypnoy)
(10°0 1103 H01+'€ 4 *6€°1 YO) s
AHAV Ym pajerdosse Apueoyrusis sem (¢ jnouwr odA)-x Ajorowr 00€ = s[onuo)
pasjur| ayeydsoydip opisosjonu :xipnu) aues ¢LANN 9£690TS! 81-9 S6F = HAV [eUONIIS-SSOI) Aueurion « [62] (£107) e 10 yerkeqry
(s1e0k) oSuex
synsar Aoy 93e/(gs) 25 ueo syuedronreq ugisaq Anuno) (TeaK) J0UINE ISII{

A1s9q0 pue (qHQV U29Mm1oq uoneroosse o) Surdpropun swstueyoow oqissod Suriojdxa sorpnys woyy suipulj A9y € I[qeL

pringer

Qs



Page 9 of 15 4

Curr Psychiatry Rep (2017) 19: 4

Ararsndun/AyianoeiadAy oy Jou swoydwAs uonuapeur

JUSLIND JO Joquunu Y JPIau ‘swoydwiks Kjorxue pue oArssardop

1oy Surjonuod 1YV (500 <d ‘165°0 = X) Juedyiusis A[jeonsnes
J0U Sem N pasearoul pue HAV ueomidq diysuonerar oy

“Bunes o3u1q pajorpaid swoydwAs qHAV

‘S[opow uoIssaIdar uy *(go Q> d) so[eds Suner

A3ojoypedoyoAsd uo 21098 10YIIY PUL ‘SIOPIOSIP dSNGe JoUBISqNS

AJreroadsa ‘(10070 > d) sanipiqrowod oueryoAsd jo oquunu Joysiy
& pey s)uoned QHAV 95990 ‘QHAYV Noyum asoyy 0} pareduwo))

1018n[o  Suruonouny

YSIYAUIISaL, oy Ut asoy uey) swodwis qHAV (£00°0 =)

Jnpe pue (Gg0'Q = d) pooypryo a1ow Appuesryrudis peyrodar
19ISN[O , PI[ONUOIIDPUN/PALRINSAISADP AJ[eUOnOWS,, AU} Ul SJUANRJ

'$21008 ploysaIpQns Y soy uey) (L1°1-20'T 1D %S6 ‘€11 4O)

AjAnoe A1ejuopas Jo S[oAd] Joy3iy pajiodal sa100s uonuapeul
/KAnoeIodAy [euIouqe PAJRI-IoYoRd) Puk AJIS9QO TPIM UIP[IYD)

(86'0-59'0 ID %S6 ‘08°0 JO) Hods Suronoeid pue qHAY
U99/33q UOHRIO0SSE dSIAU] “(0L'1-€0°T 1D %S6 “TE'T YO)

Y [<10J AL Suryojem pue HAV U29mIoq UONRIOOSSE JUBdIUSIS
"soneA 9T YqH Y pajeroosse Appueogrusis

jou 219m Inq dnoiS QHAV oy W JoySiy a1om SAS-TING Pue NG
(6£0'0=1a)

s[onuod ur uey) qHAV W 1oy31y Apuedyjiusis a1om sanfeA 9] VqH

"S[oJU0d pue (THV UI Je[ruIs sem 9s0on|S pooiq Sunse]
‘punoj sem swoydwAs Ayarsindunr/AyanoerddAy 1o uonuayeur
)M uone[a10o ou sswoydwAs ooueryop pue uonisoddo

JO A119A9S oy ypm pIR[aLIod A[oAneSau pue Apueoytudis sem NG

‘S[IS pue sK0q Iy
10J ‘pooyy[npe Ul [N Yim pajeIoosse jou arom swoydwis qHAV
‘spuaosafope uy (1000 > d) 29UBqIMSIP }ONPUOD PIGIOUWIOD JO JOAPD

Y} Aq 10J PAUNOIJE SeM JYSIOMIDAOC JNPE pue (QHAY POOYP[IYD
Jo swojdwAs PloysaIy) 9A0GE USIM]I] UONRIDOSSE O} ‘URIP[IYD U]

(100°0>d *980°0 =¢/) sioiaeyaq Arejdtp pue pooy Ayyfeayun £q
pajerpawt sem [N pue swojdwiAs qHAY U99MI0q UONBIOOSSE oy ],

*S}NSAI JR[IWIS PO[EIAI SIsA[eue pajsnipe ayJ,

(LoD 6'8¢

6581

S9-81 ‘(T 11) 16'6€

[1-6

LI=§

SI-01

(6'0) 9°8 sjonuo)
(+'0) ¢'8 AHAV

=

SIBOA
€1-6 (L'1) s1eak 6

9/ =s[onuo)
0c=dHav

K)1S0Q0 THIM TWIOM
Hnpe 901 =[ej0L

Oy=dHav
el =1eoL

s[enplaput
983q0 9¢G [ =T1810],

UDIP[IYD 3590 10
JYSIOMIIAO {7 =[810],

8LE°19=HAV-UON
LE1L=AHAV
URIP[IYd $£9°89 = [EJ0],

7T =Ss[onuo))
0l=dHav
ce=[e0L

61 = s[onuo)
£€C=dHav
[9=dHav
Jo swoydwiAs
ploysaiy} 2A0qQe UM
s1e9K 91

0} 7 page Zo¢] =[eI0L

S0l =dHav
Jo swoydwAs
ploysaiyl sA0qe I
s1eak
01 ¢ pase 7661 =[eI0L

7€6=AHQAV swoydwAs

PIOYSAIT 2A0GE THIAY
81+°11 = AHAV-UON

UAIPIIYO OSETT =TeI0L

[BUOT)O3S-SSOI))

[BUOT)O3S-SSOI))

[euOond3s-ssoI)

[euondas-ssoI)

[euondas-ssor)

|euonoas-ssor)

[BUOT}O3S-SSOI)

[euIpnySuo]

[euondas-ssor)

n1zexg

nzexg

Auewon

2N

vsn

uspamsg

n1zexg

epeue)

B2IOY] YINOS

[¢+] (9107) T 10 TeZEN

[2¥] (#107) Te 10 TeZEN

[1+] (#102) Te 30 ToMIN

[or] (€102) Te 10 swerMOIIN

[6¢€] (T107) 'Te 30 TuouISuIy

[8€] (S102) 'Te 30 perqpury

[61] (9107) e 3 oty

[L€] (#100) Te 30 Sezo10Yy

[o€] ($100) e 3 wry]

s)nsar A9y

(s1e0k) o3uex
33e/(S) 25 uesy

syuedronreq

usdisoq

Anuno)

(10K) JOUINE ISII]

(ponunuod) ¢ IqeL,

pringer

Qs



Curr Psychiatry Rep (2017) 19: 4

4 Page 10 of 15

‘amsodxo uoIsIA9[d) yim pajerdosse Ajoanisod pue Apuedyrusis
sem AJ1I0AdS 2100s swoydwAs qHAV ‘A[uo oFe pue xas 10} Junsnlpy L1-9
'S9[e0S Suney syudIed SIAUUOD) A} JO $2109SqnNS dnewosoydAsd
pue ‘swa[qoid Jeroos ‘vanuaneur/swaiqoid aAnmusod ‘reuonisoddo
AU} YIM PIJR[aLI0d APJUBOIUSIS d1om $2100s 9[nuadidd NG
"(100°0 > d) S[OnU0d oY) UI LT
Iou0ys Apueoyiugis sem dnoi3 qHQYV 9y} Ul uoneinp SuIpadj-iseargq LI-L(SD 101
‘(€00°0 > d) sa3e10A2q PIUIOIMS
arow Apuedyusis yuelp qHAY YA UIP[IYD ‘S[onuod o) paredwo))
(1000 > d) Aep & sown ¢ UeY) 2I0W 18D UIP[IYd qHAY "S[OHU0D
uey) udyo arouwr ApueoyruSis—(10Q°0 > d) Jouurp pue (£00'0 > d)
youn[ ‘(400°0 > d) Iseyeaiq—spedwr paddnys qHAY Wim s1lqng 01-9

“JUBOYIUSIS AIOW OU SeM ‘(1D/JJO Pue Iopuad
‘a3 10} Surjonuod ok ‘A31s0qo pue qHY UdoM)dq UONRIOOSSE d ], 719

‘s101ABYQq Sunjed
PAIOPIOSIP YIM PIJeIOoSSe Apueoljrugis jou a1om swoydwAs qHAY S1BOA G1—8
TINF 12y3Iy ‘uin) ur ‘pue Juned
oruopay pajorpaid QALp aannedde paourquL UB HIM UOHBUIQUIOD
ur “xou09 [eyuogaid oy ur Surnonouny ordrouredopodAy £q
pajorpaxd ‘swoydwiAs QHAY ey pamoys [apowr uonenbs [ermonng 0S¢ (99'9) 9S°¢€¢
‘dno18 qgQ@Vv-uou ay) 03 paredwos dnoi3 qHQY oY) Ul
(60°0 = d) 10y31y Apueoyusis sem oner (/1) undsuodipe/unday
pue (0’0 = d) Jomo[ ApuedjIusis a1om s[oA9] ewseld unosuodipy (8L°1) sIeak ¢'6

‘L1t paSe sjug

Ul PIJeIoosse APuedIugis a1om AJ1saqo pue (qHAY TOPIOSIp

1onpuod pue uorssaidap 10j Asnosueynuurs unsnfpe [powr
ur jou Jnq ‘uorssardop 10J Surjonuod pue [Ppowr pIjsnlpeun ayy uf L1-01

‘3unes o3u1q Jo se109s 1Y31Y AppuedyIudis

pey HAV Ym 9soy) ‘qHAV moyim syuedionred 0y pareduio)
‘TING YIA UOTJE[OLIOO JUBOHIUSIS B POMOYS

(AjoAnoadsar ‘,0¢'0=4d <50°'0—=+ pue 0s¢'0=4d ‘1 €0°0—=+)

9911 =Tei0L
SL=sjonuo)
uQIp[IYo
QATRU-)USUEOI)
00€ =AHAV
SLE=TeI0L

001 =s[onuo)
001 =dHAV
00C =180

€01 = (1op10SIp
juaunsnipe) sponuo))
LST=AHAV
09¢ =1e10L
0 =dHAV-UoN
[L=dHAYV [edurpqng
L1=dHAV

95990
JYSIOMIoA0 7T =TBI0L

1Zh=1e10L
0 =s[onuo)
9¢=qHAV
9L=TeI0L

L8S°LE=AHAV-UON
6009 =dHAV
96L €l =1eI0L

[EUOT}O9S-SSOI)

[BUOT}O9S-SSOI)

[EUOT}O9S-SSOI)

[BUOT)O3S-SSOI))

[euOno3s-ssoI)

[BUOT}O3S-SSOI)

[EUOT}O9S-SSOI)

[BUOT}O3S-SSOI)

[L¥] (T100)

Aueuron ‘Te 39 yoI[yoIJ-puowidy ueA
Aoy, [s2] ($102) 'Te 30 npodyny,
onqnday 4oz [9%] (#100) Te 10 oorld
Aueuwron [22] (¥102) 'Te 12 nod-1neq
Aueuron [st] (€102) 'Te 0 nod-1neq
epeUR) [#¥] (9100) 'Te 12 aned

Aospm, [12] (S102) Te 30 uedoZ()

Apnys puodas oy} 0) 19Jal1 10y
ere( ‘(1 9[qel, [euowR(ddng
995) A31S2q0 JO S3JBI UO J0U
nq TN o ejep syuosaxd 31
Qours M1l Juasald ay 1o
jusuntad jou st Apnys 311y oY,
‘SIsAJeue-ejow e
snyd serpnys [eotndwe 7 woiy
e1ep syuasaxd soded siy :9jo0N
vsn [««02] (9100) T& 30 S5IN

(s1e0k) o3uer
s)nsax A9y 93e/((S) 98¢ ueoN

syuedionteq

usdisoq

Anuno) (TeaK) J0TINE JSIT

(Ponunuoo) ¢ dJqeL

pringer

Qs



Page 11 of 15 4

Curr Psychiatry Rep (2017) 19: 4

ojdures uewwdn) oy 0} s105e1 azis ddwes ,

Xopur ssewr Apoq JiVg

5§ =s[onuo)
9951 =HAYV ON

SIOpIOSIP
Kyorxue/aatssardoq
€81 =dHav
"QWIOIPUAS OT[OqEIOUW IO JSLT dSBAIOUT A[JURDIUSIS JOU PIP M SIOPIOSIP
s1opI0sIp Kjarxue/aA1ssa1dap yim sjenpiaipur ur swoydwAs qHAV Kyarxue/aarssaidaq
Jo douosard oy, S9-81 €0€C=[BI0L [euIprIISuoT SPUBLISYION [05] (5102) 'Te 30 Nuegouip
SIdA ¢ 18 (%6L) 9SEL
s1e3K ¢ 18 (%8L) 9978
s1e9K 97 18 (%99) TELS
(s1eak 01
je ojdures a3 Jo 9,/9)
's1edA ()¢ 18 2AnoIpaId arom AjanoeradAy pue swojqoid s1B9K ()] 18 1996 UI
1onpuod quounsnipe YV (9 1-0°1 ID %S6 ‘€1 YOE) SIiedk ¢ J[qe[IeAR 210M [INF UO
Je K)1S9q0 JO SLI pasearour s1eak ()] Je AanoerodAy/uonuapeu]  ejep ‘sasA[eur 9say) 10, ST =1]0L [eurpmiSuo] SN [6t] (2102) Te 10 aaym
pS1=8]0nu0)H
‘TNE pue swodwiks qQHAY Y11=29%990
UG0M]SQ UOHEIOOSSE A1) PAJRIPAL (1€0"0—-£00"0 =1D) wioned 0c=aHav
Sunes s[qesun ue pue 70'0—<00°0 =D uonemp dod[s paseards S9-81 0Ly =T®I0L [BUONI3S-SSOI)) SPUB[ISUION [8%] (S107) 'Te 30 1950A
(1000 >d Tre) xoput
Ayirenb 101p AJSNH 9y} YIIM PAJeIoosse AJoAne3au a1om Ay ofigm
‘oyerur A310U0 [e10}) pue ANAnde [eorsAyd Asuui-ysiy o) -wnipaur
(s1e0k) o3uex
s)nsar A9y 33e/(S) 25 uesy syuedionreq usdisoq Anuno) (10K) JOUINE ISII]

(ponunuod) ¢ IqeL,

pringer

Qs



4 Page 12 of 15

Curr Psychiatry Rep (2017) 19: 4

Table 4  Studies excluded, with reasons for exclusion

First author (year) Reason for exclusion

Erhart et al. (2012) [51]
Goulardins et al. (2016) [52]
Hanc et al. (2012) [53]

Ja (2014) [54]

Kerekes et al. (2015) [55]
McClure et al. (2012) [56]
Nigg et al. (2016) [20+¢]*

No formal ADHD diagnosis
No formal ADHD diagnosis
No data on overweight/obesity
No formal ADHD diagnosis
No formal ADHD diagnosis
No formal ADHD diagnosis

The first study of this paper is not
pertinent to the present review
since it presents data on BMI
but not on rates of obesity

Pagoto et al. (2012) [57] Review (treatment) without empirical

data

 This reference is not counted in the PRISMA flowchart in Fig. 1 since
the second empirical study reported in it provides data on the prevalence
of obesity in individuals with ADHD

possible role of decreased physical activity (less involvement
in sport activities) or increased hours/day spent watching TV,
in individuals with ADHD compared to controls, as a possible
mechanism favoring abnormal weigh gain associated with
ADHD [12, 33, 35¢, 39, 40, 58]. Additionally, there have been
also some studies suggesting that comorbid conduct disorder,
in addition to or rather than ADHD core symptoms, might
contribute to the link between obesity and ADHD [19, 22,
25,37,49, 50]. This initial insight should be further developed
in future research. Moreover, researchers started addressing
possible common neurobiological underpinnings of obesity
and ADHD. Two studies [29, 30] among the ones that we
retrieved focused on the genetic mechanisms: the first one
[29] suggested a possible role of rs206936 NUDT3 gene
(nudix; nucleoside diphosphate linked moiety X-type motif
3); the second one [30] found a marginally significant associ-
ation with the FTO SNP rs8050136 gene. Finally, the hypoth-
esis by Cortese and Vincenzi [9] that sleep disruption could be
involved in the association between ADHD and obesity has
been initially tested and supported [48].

Importantly, in the last 4 years, longitudinal studies have
explored the direction of the link between ADHD and obesity.
Three studies retrieved in our search showed that ADHD chro-
nologically precedes, and likely contributes to, weigh gain
[10, 35¢, 49]. However, another study has shown the reverse
pattern [28]. It is indeed possible that bidirectional pathways
are involved.

Studies on the Clinical Implications of the Association
Between ADHD and Obesity

Cortese and Vincenzi [9] cited the study by Levy et al.

[80] which provided preliminary evidence showing that
the screening and pharmacological treatment of

@ Springer

previously overlooked ADHD in adults with refractory
obesity leads to beneficial effects on weight gain.
Clearly, a possible important confounder of this study is
the anorexigenic effect associated with psychostimulants.
However, Levy et al. [80] noted that appetite reduction
was evident in the first 46 weeks of treatment, but then
it diminished and vanished in most subjects within
2 months. Therefore, the authors of the study concluded
that it is unlikely that the anorexigenic effect of
psychostimulants contributed to weight loss at follow-
up, after more than 1 year from the start of treatment.
Rather, they highlighted how the pharmacological treat-
ment of ADHD led to “self-directedness, a reduction in
novelty seeking, and an increased capacity for persis-
tence,” which in turn enhanced adherence to diet and ul-
timately led to weight loss. However, given the naturalis-
tic design of this study, its conclusions should be consid-
ered as preliminary and further replication using more
rigorous designs is warranted.

Unfortunately, since then, no other studies have been
published directly testing, by means of a randomized de-
sign, the effects of ADHD screening and treatment of
obesity outcomes. However, evidence from recent studies,
including those retrieved in our search (e.g., [31] and
[34]), supports the notion that individuals with ADHD
pharmacologically treated are not at increased risk of
obesity.

Conclusions

Over the past 4 years, there has been an increasing interest for
the relationship between ADHD and obesity. Studies that ad-
dressed the questions: “Is obesity (or overweight) more fre-
quent in individuals with, compared to those without,
ADHD?” or “Is there a significant relationship between
ADHD and obesity/overweight?” provide overall mixed find-
ings, likely due to heterogeneity in diagnostic methods for
ADHD and obesity, population characteristics (e.g., comor-
bidities), and medication status. However, meta-analytical ev-
idence controlling for these confounding factors support a
significant association between nontreated ADHD and
obesity.

Remarkably, in the past 4 years, a large number of studies
have contributed to our insight on the factors underlying the
links between ADHD and obesity. Such body of research has
pointed to the role of abnormal (dysregulated) eating patterns,
decreased physical activity, sleep disruption, and psychiatric
comorbidities, including conduct disorder. Preliminary evi-
dence has also revealed possible common genetic underpin-
nings. Importantly, longitudinal studies have been published
that show how ADHD may be a risk for the future
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development of obesity, although the reverse causal link can-
not be ruled out.

Given the epidemic of obesity, if ADHD does contribute to
it, understanding how and to which extent the treatment of
comorbid ADHD in individuals with obesity may lead to
long-term weight loss in individuals with obesity, improving
adherence to diet programs is fundamental. There is a paucity
of studies on this issue and we believe that this should receive
further attention in future research. This line of research has
ultimately the potential to improve the clinical management
and, as a consequence, the quality of individuals with both
ADHD and obesity.
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