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Background. Noncommunicable diseases (NCDs) are considered as a global health problem and considered as a public health
priority with the more considerable increasing trend of obesity and cardiometabolic disorders rates in the Middle Eastern countries.
This systematic review aims at assessing the prevalence, incidence rates, and trends, as well as the cost of obesity and related
cardiometabolic disorders in the United Arab Emirates (UAE). Methods. A highly sensitive strategy was used to retrieve original
observational studies, addressing the epidemiology and cost of obesity and related cardiometabolic disorders in the UAE, irrespective
of nationality (nationals and expatriates). The search was conducted on April 4, 2017, within numerous electronic databases and
the grey literature. Standardized and validated methods were used for data extraction and analysis as well as quality assessment.
Results. 6789 records were retrieved, of which 36 were deemed eligible. High prevalence rates were reported for obesity, diabetes,
hypertension, and metabolic syndrome in all studies. However, the definitions and methods employed by the studies were highly
variable. The risk of bias in the epidemiological studies ranged between low and medium. Only one study reported the cost of illness
for diabetes. In this study, the estimated cost per patient was $2,015 (adjusted to the year 2015), and it became twofold and sixfold
higher in patients with microvascular and macrovascular complications, respectively. Conclusions. Obesity and related car-
diometabolic disorders are highly prevalent in the UAE, but quoting a precise prevalence for them is difficult given the meth-
odological heterogeneity of the epidemiological studies addressing them. Nonetheless, we detected a 2-3-fold increase in the
prevalence of overweight and obesity in the UAE between 1989 and 2017. It is hopeful that this systematic review will provide an
insight into direct future studies, especially longitudinal studies exploring obesity and cardiometabolic risks and their costs.

1. Introduction Middle East in general and the United Arab Emirates (UAE)

in particular demonstrating dramatic increases in those rates
The global rise in the prevalence rates of obesity, metabolic ~ [1]. The UAE has witnessed an economic boom that was
syndrome, and diabetes has been linked to recent lifestyle =~ accompanied by rapid urbanization and an influx of ex-
changes occurring during the past few decades, with the  patriate workforce [1]. The combination of these factors
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meant a modern, fast-paced, and technology-driven lifestyle
which, in turn, resulted in a reduction in occupational,
domestic, and leisure-time physical activity [2, 3], as well as
an excessive consumption of calorie-dense, processed, and
prepackaged meals of poor nutritional value [3].

The abovementioned risk factors, in addition to the high
incidence of tobacco use in the UAE, possibly explain the
witnessed increase in obesity and cardiometabolic disorder
rates in the country [4, 5], resulting in increased demand for
disease-specific health services. A recent systematic review
on the UAE’s health status ranks cardiovascular diseases as
a top public health priority for the country, attributing to it
the majority of noncommunicable disease- (NCD-) related
mortalities [6]. This overlaps with the global epidemiology of
NCDs, among which cardiovascular diseases also rank first
in terms of incidence and mortality [7]. In fact, the UAE’s
2021 vision is to adopt the number of deaths due to car-
diovascular diseases per 100,000 population, the prevalence
of diabetes, and the prevalence of obesity amongst children
as its primary national performance indicators for a desired
world-class health care, in order to guide targeted in-
terventions and public health efforts [8].

Therefore, the following systematic review provides
a current evidence-based assessment of the epidemiology
and economic burden of obesity and cardiometabolic dis-
orders in the UAE, given the lack of such an assessment. We
hope that our reported data provide an up-to-date epide-
miological profile (prevalence, incidence, and trends) for the
country with regard to cardiometabolic disorders and their
associated costs and that this would eventually guide public
health policy-makers in prioritizing and allocating resources
properly for managing and preventing those diseases [9]. We
also hope that our review highlights the current gaps in
relevant research in preparation for subsequent research
efforts.

2. Methods

We followed the standardized methods outlined by Moher
etal. in the PRISMA 2010 group in conducting and reporting
our systematic review [10]. However, we drafted a priori
a protocol for the review and published it in the In-
ternational Prospective Register of Systematic Reviews
(PROSPERO) (CRD42016035747).

2.1. Database Search. We searched MEDLINE, PubMed,
Embase, Cumulative Index to Nursing and Allied Health
Literature (CINAHL), Index Medicus for the Eastern
Mediterranean Region (IMEMR), ProQuest Dissertations &
Theses Database (PQDT), Open Access Theses and Dis-
sertations (OATD), and Web of Science for studies
addressing the epidemiology and costs of cardiometabolic
disorders in the UAE, using an extensive and highly-
sensitive search strategy (Appendix A-a in Supplementary
Materials). We replicated the search employing appropriate
and specifically adapted vocabulary for each of the databases
searched in order to retrieve all potentially eligible refer-
ences. The initial search was conducted on June 19, 2015, and
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updated on April 4, 2017, to ensure that our review is
current.

2.2. Searching Other Sources. In addition to the above da-
tabases, we searched the grey literature, the International
Diabetes Federation (IDF), and primarily the World Bank
websites for additional eligible studies. We also contacted
prominent scholars and experts in the field from the UAE to
inquire about any ongoing relevant studies not published
yet.

It is worth mentioning that, in our original search, we
aimed at finding studies that address the epidemiology and
costs of either cancer and/or cardiometabolic disorders in
the UAE, which are the top two incident NCDs within the
UAE and thus the lead priorities on its public health agenda
[6]. However, given the difference between the two diseases
with regard to their underlying determinants (i.e., risk
factors) and patient profiles and in order to generate disease-
specific epidemiology and/or cost data for specialized policy-
makers and researchers in each field, we opted to report the
data for each of them in a separate systematic review.
Nonetheless, both reviews were registered with the same
protocol (CRD42016035747).

2.3. Inclusion and Exclusion Criteria. As outlined in our
protocol, studies eligible for inclusion had to meet the
following criteria:

(i) Be original studies (e.g., editorials, case reports, case
series, and reviews were excluded)

(ii) Have an observational design: cohort or cross-
sectional studies for epidemiological outcomes
and economic models and cross-sectional or lon-
gitudinal studies for cost analyses

(iii) Address cardiometabolic disorders defined as car-
diovascular diseases of all types, type 2 diabetes,
and/or metabolic syndrome including its primary
components of obesity, insulin resistance, dyslipi-
demia, and/or hypertension

(iv) Report data specific for the UAE’s citizens irre-
spective of their nationality (nationals and/or ex-
patriates), sex (women and/or men), or age
(children and/or adults)

(v) Written in English, Arabic, or French, irrespective
of publication status (published versus un-
published) or date (i.e., no time limit)

2.4. Selection of Studies. Three reviewers (RB, HR, and RR),
assisted by a reference manager (EndNote©), looked for
potentially eligible studies by screening the titles and ab-
stracts of the records retrieved by the search. After con-
ducting a prior calibration exercise to ensure inter-reviewer
screening consistency, two pairs of authors (RB/RR and
HR/HH) individually and in pairs retrieved and evaluated
the full texts of one-half of the references deemed eligible
before (i.e., during the title and abstract screening phase) for
inclusion in data extraction. A screening tool was developed
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by the three reviewers (RB, HR, and RR) and pretested
through a calibration exercise prior to the actual full-text
screening. Disagreements were resolved through discussion
with a third reviewer.

2.5. Data Extraction. The two reviewers in each pair (RB/RR
and HR/HH) individually and in pairs extracted relevant
data from the included studies, consulting a third reviewer
whenever they disagreed. As set in our protocol, the re-
viewers performed a qualitative (i.e., narrative) synthesis of
the data extracted from the included studies, given that
quantitative synthesis (i.e., meta-analysis) is not possible due
to the epidemiological nature of the data extracted.

2.6. Risk of Bias Assessment. The reviewers used the tool
developed and validated by Hoy et al. [11] to assess the risk
of bias in the included studies. The tool comprises 10 items
that address both the external and internal validity of each
study, with an additional item that provides an overall
summary of the risk of bias in the study. Each item is
categorized as having “high risk,” “intermediate risk,” or
“low risk” of bias, with the overall risk of bias being lower
when more criteria (i.e., items) are adequately met. A high
risk of bias was assigned to studies with unclear or poor
reporting of a particular item. Finally, a study was consid-
ered to have an overall high risk of bias when it met less than
5 criteria, moderate risk of bias when it met 5 to 7 criteria,
and low risk of bias when it met 8 or more criteria.

3. Results

Our initial search retrieved 6789 records, of which only 30
were deemed eligible. The updated rerun of the search re-
trieved 6 additional eligible studies, yielding a total of 36
studies that were eligible and included in data extraction and
synthesis (Appendix A-b in Supplementary Materials).

3.1. Characteristics of Included Studies. Tables 1-3 summa-
rize the characteristics, results, and overall risk of bias in the
included epidemiological studies (n = 35). Table 4 sum-
marizes the characteristics and results of the single study
identified that addresses the cost of illness (COI) for diabetes
[12]. Included studies addressed various cardiometabolic
disorders, including overweight/obesity (n = 19), metabolic
syndrome (n=3), dyslipidemia (n=1), hypertension
(n =2), diabetes (n =4; 2 prevalence, 1 incidence, and 1
cost), and multiple cardiometabolic disorders at once
(n = 7). Only one study was a retrospective cohort [13], with
the rest being cross-sectional studies (n = 35). All included
studies were published between 1995 and 2016 (1990-1999:
n = 6; 2000-2009: n = 15; and after 2009: n = 15), reporting
data collected between 1989 and 2015. Half of the included
studies reported data specific to Emiratis (n = 18), and two-
thirds (n = 24) reported data for both sexes. Only six studies
were conducted at the national level [3, 14-18], with the rest
being emirate-specific. Finally, more than half of the in-
cluded studies used a random sample (n=20), seven

recruited a convenient sample, four adopted exhaustive
sampling (census), and one included a purposive sample.
Four studies did not report their sampling method. It is
worth noting that the included studies remarkably varied in
their recruited sample size, ranging from 98 [19] up to
173,501 [20] participants.

4. The Epidemiology of Cardiometabolic
Disorders in the UAE

4.1. Overweight and Obesity

4.1.1. Paediatric Population. Abdulrazzaq et al. (1991-1992)
provided the earliest and most exhaustive national-level
estimates of the prevalence of overweight and obesity in
the Emirati paediatric population, reporting rates of 13% for
boys below the age of 5 and 6% for their female counterparts
[16]. The study reports that these figures gradually increase
with age, peaking at 18 years. Three other studies address
more recent national estimates for overweight and obesity in
Emirati schoolchildren and adolescents, with a 10-year in-
terval difference between the two older studies (1998-1999)
[22] and the most recent one (2009-2010) [3]. Despite
reporting similar overweight estimates of about 19% for each
of the boys and the girls and no major differences in sex-
specific rates, the two older studies [15, 22] remarkably
differed in their reported overall obesity rates (7% [22]
versus 13% [15]). In contrast, the more recent study high-
lights the emergence of sex-specific differences, particularly
in overweight rates in children aged 6 to 10 (24% for girls
versus 9% for boys) and obesity rates in adolescents aged 11
to 18 (20% for girls versus 12% for boys) [3]. The study
reports an overall prevalence of 40% of overweight and
obesity for Emirati female children compared to 25% only
for their male counterparts [3]. The same was reported in
adolescents. On the contrary, at the emirate-specific level,
Fujairah seems to harbour the highest rates of overweight
and obesity, reporting a striking 30% prevalence among its
Emirati schoolgirls [21]. Two other studies assessed the
prevalence of overweight and obesity in Emirati school-
children in Ras Al Khaimah, another emirate, with more
than a decade as the time difference between the older study
[14] and the recent one [23]. Direct comparison of the results
of these two studies [14, 26] is challenging given their use of
different definitions for overweight and obesity and the
inclusion of children of different age groups. However,
despite those differences, the rates of overweight and obesity
reported by the older study compared to the recent one show
a tremendous increase over time, almost doubling for
overweight (9% versus 17%, respectively) and more than
doubling for obesity (8% versus 20%, respectively). As for
Abu Dhabi, two recent studies report similar rates of ap-
proximately 34% of overweight and obesity prevalence
among both Emirati and non-Emirati schoolchildren
[25, 35]. These studies have also employed different disease
definitions and included children of different age groups,
which prevented us from providing conclusive evidence
through directly comparing their findings. However, the two
studies seem to be in agreement with regard to their reported



505 :# odureg
(poyowr wopuer a[durs) sasse[d (o11qnd) spooypos Arepuodas ut
:¢ o8es pue ‘suordar aanensiuTwpe  syudpnig (sreak §1-g1 :d8uer) (66°0) $S'9T :S[I3
03 §dd £q sjooypds :z a8eys suordar (¢6°0) TH'91 :s40q :a8e UedN %'8F S[IS 9%6°1S
aanensturwpe :1 a8eys :Surdwres  :sfoq :1opuen) YN :Aj[euoneN yelreys :jerrug
wopuel paynens a3esnm

s1eak g1-9 pade (o1pqnd) uarpyydIOOYOS
%T'TS :S£0q 046°8% SIS :I9PUID) 04 T'8T SIAYIO
066' T yearwy :A)[euoneN 1qeyQ Nqy :ajerruy

OPF'1 :# didwres $dd 4q syuapnys
1z 38e)s ‘spooys i1 aSe)s 1opual
£q Surgdures paynens adeis-om,

Journal of Obesity

199 *# a[dureg (payresap jou
poylew uonezIopuel AIepuodss
pue Aroyeredaxd :2d£) jooyos
pue xos £q paynens) Surdures
wopuer paynens afesymp

S)uapNIs [00yds Arepuodes pue L1ojeredarq
s1eak £1-71 :a8uer 38y 9e6¥ :skoq o416 :S[I13
I9puan) Nerrwry A)euoneN reqn( ajeIrug

0T¥'6C
:# ojdwreg (pasiazadns Apoairp
a1 sjyuawaInseawr Jydrom/jydoy
2I9UyM IO sasinu paudisse
PIM “YewTey] [V sey Ul S[00Tds
[BIUSWUIDAO0S [[€) ATISNeYXT

(oriqnd) warprgor00Ydg
(s1eaf g1-¢ :d8uer) (6°¢) H'01 98 uealy
%6¥ :$£0Qq 04T SIS :1OPUID) 948 SIAYIO %76
myerturyg :A)[EUONEN YBWIRYY [y Sey :djerrury

s1eak 91-9 pade
UDIP[IYI[O0YIS %6°CH SA0Q 05 T°9G SIS :IopUID)
nerrury :A)[EUONEN YBWIRYY [y SBY :9)JeIrus

G209 :# o[dureg reapupn

¥6¥°0T
:# opdureg (paqrejop jou) Surdures
wopuel paynexns afeisnmy

s1eak §1-0
:28y nearwy :A)euonyeN ([EUOneU) [[Y eIy

18€°p ¢ d[dureg (U21p[ryd 57) dpeid
[ooyps Yoea 1ad sse[d A[OYM dI0W IO
auo :7 ade)s {(pa[relop Jou poyour
UONBZIWOPULT $90UIPIST JO
eare pue ‘9d4) xrur oruyle ropusd
az1s 0} SurpI0doe pazirodared)
sjooypos :1 23eys :Furjdures
WOpURI 12)SNP §Jd 95eIs-0M],
686°GT #
sdureg syuapnys nerrury [re ¢ a3els
5dd 4q sjooyds :z ae1s $1o1nsIp
[euonjeonpa :1 a8eys Furjdures
193sn[d paynens afeisnmiy

s1eak £1-G paSe (oyeand pue
o11qnd) UIP[IYI[O0YdS %% 0S SIS 949°6F :s40q
IOPUID) 947G SIYIO 94QF ‘HEIIWY AN[RUOnEN
(%€78T SI9YIO L96GH¢ (UIV V) Iqeyq
nqy 97/ 1qeYJ QY :[eUOLRU) [[Y eIy

s1e2k §1- pade uaIp[Iyd[O0YdS
nexrwy :AeuoneN (feuoneu) [y eIy

s1eaf gT-1T pade (or[qnd) uaIpyIydI00YDs Sewrdy
:19puan) ety :AfeuoneN (%'S) yedremg
PUe (%1°91) Yewreyy [V sey (%€ 91) reqng
“(%T61) Yeleys (%c'¢v) 19vqd nqy sjearuy

868 :# o[dureg reapun

110z Arenue(-010¢
DTN :pOLId]
ﬁw:OEuomummOuU

110T
Ioquuada(J-Arenue(
:porrag
[BUO1}235-5501))

AN -POLRd
[eUON3S-SSOID)

S10C-¥10T ‘poLiad
[BUOI)235-SS01))

UN :poad
ﬁmﬁowuuwwuwmo‘mu

C661-1661 POlod
[eUOND3S-SSOID)

6661 111dy-8661
19q012() poLdg
ﬁmGOﬁU@wumepU

6661 T1dy-8661
1940100 poLIdg
?COEUQm.mmOuU

6661 [1dy-866T
13q010Q polRdd
Q:Oﬁuwmlmwo.ﬁu

pIepue)s 2oUdIJAI
ALOI :A31s2qQ pIepue)s 20uaIJ21 0] IYSoMI2AQ

[92] (z107)
‘Te 12 1a8resnjA

pey)
pue aSe 103 appuadiad DAD YS6 IING £SO X9s pue
a8e 10§ omuaorad DAD YWS6> TING > YIS8 IySomiaaQ

[sz] (€102)
Te 32 1qreun( [y

[¥2] (60027)
Te 39 eez ulq

(S661 ‘OHM) 2mud12d NG PS6<
:L1s2qQ semueoiad TN YIS6> 03 IS8 IYSomIaAQ

amuadrad
562 28e 10 NG :A11s2qQ (7) omuedied s>
pue amuadrad Y16 a8e 105 TG YSomIaAQ (1) DAD
smuadrad 562 28e 103 TNG :AI1s2qO () dmuadrad
Is6> pue anuadiad yigg< a8e 10§ TN IyS1emIanQ (1)
OHM ua[eamba /3y 0¢< ING 415990 (T) Jusreambs
/30> pue Juspeambs w/3Y 67 TING YSPMIAAQ0
(1) ALOI :A11s2qo dwanxd pue A1s2qo YyYS1omIaAa0
(e3Ep 2OUIIAI
SANVHN) 1o[[ews ST 12A9YdIyM * w/3Y 0€< [INE
10 x3s pue a8e 10§ auadrad (IG5 NG :AI1S9qQ Xas pue
a8e 105 sanuadiad yige> pue IS8 NG IYSOmMIaAQ
(gN) sdnoid ade 1030 (€)
saurpPpms 1,01 :PIo s1ea4 §T (7) (P OHM) (STeak
61 e w3 0¢ IINE 03 Jus[eamba) (0§ < :s1ea4 G 1opup [91] (1102)
(1) :£11s9q0 (YN) sdnoid afe 1oy (¢) seurepms 1,01 Te 12 bezzeimpqy
:plo s1eak 81 (7) (eHAID OHM) (sTeak 61 18 w/S 6T
DA 03 Judfeamnba) (S 1= :s1eak ¢ 1opun (1) IYSOMIaAQ

[e2] (9102)
Te 39 1Ysoo[q [V

[¥1] (0002)
‘e 32 PeppeH [V

[sT] (£002)
Ineq pue YIeN

(uonedoyissed 1.01)
LU/ 0€< TING 415290 W/3Y §7< TNE YSoMIA0

(Ky1saqo pue JySromrano
10J SpIEpUR)S [EUONRUIAU] [e 32 2[0D) W/ 0€< TN
:KisaqQ w/S 0g> pue W/ ST < ING IYSIOMIAQ

[zz] (S002)
‘e 32 peppeH [V

(e1ep 20U219531 SINVHN)
xas pue age 10§ anuadIad G2 YSomIaAQ
Xas pue a8e 10J sanuadIad

S6-58 T TNG IYSIOMIdA0 10F YSU1 Iy

[12] (€002)
“Te 39 UeINOY [V

URIP[IYD
ut £y1s3qQ

Surdureg sonstIajoeIeyd Juedonreg

ad£y Apmig

Ieaf pue

(BLISILID) 9SBASIP PAIPNIS soqny

R sarpmys [eordoforwaprds papnpour jo

SOTISLID)ORIRY) (] HTAV],



Journal of Obesity

(LTt
USW PUB 97 ‘USUIOM :UIIP[IYD
{CET UAW PUB ¢H] ‘USUIOM
:SJUIISI[OPE §/F :USWIOM J[NPE)
879 :sp[oyasnoy :# ojdwreg (parejop
jou) syuedionred ¢(pajrelop
10U pOYlaW UORZIWOPURT)
sployasnoy :z adejs ‘seare
[ean oy} ut oSe[[IA € IO seaIe ueqIn
3} UI B2 UONEISUWINUD SNSUD :|
a8eys :Surdwres wopuer afesnmA

s1eK OT-9 ULIP[IYD ‘s1eaf
QT-TT SJUDSI[OPE $IBAL ([ USWOM J[NPY
nerrwy :A)euoneN ([EUOneU) [V :yerruy

0102-600C pol_d
[eUOT})D35-SS01)

sgoInd JLOI :(s1eak 61>)
$JU20S3[0pE pue USIPIYD (000T ‘OHM) /3 0€< ING  [€] (1107) T2 30 SN
18390 (2) ;w/3Y 0€> TN ST HYSPMIBAQ (1) SINPY

Ayunwwod
ur £31saqQ

€ve
:# ojdureg Gurjdures justuaAuo))

617 :# o[dureg Surpdures jusruaauo))

00¥
:# ojdureg Suridures juaruaauo))

L ¢ d1dueg (pafrerdp jou)
WOPUELT :SIOqUIST A[TUIe] 1Y) 10,
sasse pue ‘AIeIqr[ 1juad syrods
‘S[9ISOY JUSPNIS BLIS)RJED ‘SANI[IOE]
AyisIoATUN WOTJ APUITUSATOD
pue az1s djearurd 03 A[pyeuonrodoxd
paynens [SJUIPNS 10,
00¢ :# o[dureg
(wopuex uﬁmE&m\Amv sjuapnys
1z 98eys {(wopuer opdurrs) sf3soy i
a3eys :Zurpdures wopuer adejs-omJ,

86 # ddureg
(parrejep jou) Surdures wopuey

00¢ :# o1dureg reapupn

pepnpur 996 :# ajdureg
(parresap jou) Surdures wopuer
(21eITUIT DB WOIJ SJUIPNIS JO
Iaquunu 9 0} SUTPI0dIE) paynens

Kyis1aATUN
orqnd 1 ur syuapm§ (§¢°7) $5°0¢ 28 uedA
S[ewdy 11pudn) YN :AN[euoneN YN :ojerrurg
AISIoATUN) TV UT SUIpMIS
(s1eak (g-8T :98uer) (¢'1) £61 98 uealy
S[eWd] 1IPUID) %F'Q :SIAYIO 049° 6 TeITy
:KypeuoneN (ury [v) Iqeyd nqy :ojedrwy
AyiszaAatun
gV Ul sjuapnig seak gz-gr :a8uer a8y
AN :AypeuoneN (UIy [v) Iqeyd nqy :djerruy

AyISIOATUN) V() UT SUIPMIS
%99 :09< ‘%T 6V 09>-0€ ‘%TFY :0€>-0T
238y 9[RWd) (IOPUSL) SIJRIIWD [[B WO [Ty
:AreuoneN (ury [v) Iqeqd nqy :djemuy

AISI9ATUN) V) 0) Paje[al s[asoy ur Surprsax
juapnig sreak $g-gr :28uer a8y ofewr :19puID)
AN AypeuoneN (Ury [v) Iqeyd nqy :djerwy

Arszaatun gy ut syuapmig ((S'1) €0°1C
PreW (9°7) 0°0¢ Rrewdy) (9°1) 0T :98e ueapy
06/'9€ O[BUI 95¢°¢Q :D[EWIRJ LIOPUID) TJRITUf
:KyrevoneN (ury [v) 1qeyq nqy :oyesrug
AISIOATUN) JV ) 0) Paje[al S[asoy ur Jurprsax
JUIPNIS %S 19 :SI1eAL (72 9S°8¢ sIeL 07>
:sdnoid «(g'1) §'61 :ueowr :a8y o[eWd) :I1PUID)
YN :AypeuoneN (u1v [v) Iqeyd nqy :djeruy
Ayrs1oAtuny
Y Ul SJUSPNIS J[BUIDJ :19PUID) (96 :SIdYIO0
pue ‘0¥ ‘Yewreyy [y sey ‘%¢ 61 ‘yelreys
%S°LT ‘reqn( ‘%¢€"0F ‘Iqeyd NqVy) Derrwuyg
:KyreuoneN (ury [v) Iqeyd nqy :djedruy

V10T ‘poLad
[eUOND3S-SSOID)

€661 *POLad
[BUO1)D3S-5S01))

AN ‘pOL_d
[BUOT}O3S-5S017)

0007 11dy-6661
19Q012() poLdg
Hm:OﬁU@wumepU

AN :poLdd
[eUO1}39S-SSOID)

L661-9661 porRd
[BUOI}235-5S017)

AN ‘PoL_d
[eUO0NO3S-SSOID)

AN “PoLRd
[BUOT}D35-55017)

[e€] (s102)
‘Te 32 noarpuedeg

(paugep jou) L1s2qO (pauyap jou) JydomIaaQ
[ee]

(s661) uempey
pue 1a8resnjy

+0€ TNE 41290 ,W/3Y 6'6T7-ST TN HYBPMIZAQ

(IN) sarqeiq
(IN) uorsua)radAH (UONEIYISSE OHM) /3 0€<
N4 :A1s2q0 ,W/3Y 6'6T < TN > ST HYSIPMIAQ

[1€]
(€007) tpeIY]

[o€] (6002) Te 3
[rews-yrYS

/3 0€=
TN :L1saqQ w/8Y 6'627-ST IING YSIPMIAQ

[62] (€002)

W/3 ST NG LsaqO Te 10 198reSny

_ [82]
/302 (
. s . 8007) Ueqqes
[N 4290 W/ 6'67-ST ING IYSPMIA0 - pue 1peg
/3062 (61]
TING 4118390 ,W/8Y 0'67-ST TING 7YSTomI2A0 (0007) TeNPMIN [V
1d48q “oxren ur amymsuy UOHIHNN
U3 Aq ponsst sa[qey 1yday 10y JySrom pIepue)s I0J aneA
3 AQ panssT s3[qe) 1Ys1aY 10] JYsIomM pIepue)s 10] ony (7] (9661)

20UAI9Ja1 3} JO %07 1< :A11s2qQ 1dA37 “oare) ur aymynsuy
uoniny ay) £q pansst saqe) yS1ay 10§ JyS1om pIrepuels
10J aN[eA 9UIDJAI Y] JO %07 I-0T1 IYSIOMIAQ

Aureg pue aurry

syuapnys
AysraATUN
ur £1s990

Surdureg

sonstIajoeIeyd Juedonreg

ad£y Apmig

Teaf pue

(BLISILID) 9SBASIP PAIPNIS soqny

‘ponunuo)) i A14V],



Journal of Obesity

7e¢ i# odureg syuedonred s1eak 1< 98V 97 '8¢ drewr - .
z L1899 SHWW < I10/pue
10y reapun {(uonemdod £048°T9 :2[BWRJ :I9PUAD) NeIrwy :A)feuoneN 0661-6861 :poLIdJ wEMHE\k M%W.A MMMMEEWEMW&N AOMM,\/V&M\MMEMW%:N [o¥] (s66T1) sa1qe1q
POALISP-UTNOPAY ) 3SeIIOUT (seare (feani) ueSep\ pue 1aAef] [y pue [eUOT}035-SS01) T I ‘Te 3o soweSniA [ et
([eaur e I2)je SINOY H—7 UdYe}) DY WOpUel :$3)oqel(]
01) suonedo[ ay) 10 aarsoding (ueqan) 1PEyZ) (UIY [V) Iqey nqy ety ’
0ST°€
. . . . (aanssaxd poo[q Y31y jJo jusweds} pue ‘UONEN[eAd
# ardures wu&oawﬁ Souniedap _ @"a& S8l ..uw%: PO8L 05 Y L661 potIag U0n2319p U0 [A-DN) suonedrpawr darsusiradAynue l6<] (6661)
[BIUSWUIIA0S JO SNSUD 06-T€ ‘%97 :0€-LT 98V %/LF [P 94¢G :d[eUIdf ) dor. 3 .
; . A [BUOT}295-5501)) M Jusunyeany pajrodai-jas 1o/pue SHww (6< & 32 Jeyeys [q
pue (DHJ) Surdures wopuex :I9puan) nerwy :AypeuoneN Yelreys :ayerruuyg 46 10/puv SHWW 0 1< dgs uorsusmadAL]
onjeWA)SAS (TB3UN) PAyIIeII§ o
(papnoxa
2IM S)[Npe HeITWY 9¢ pue uorsua)radA
Um‘mwwmm.ﬁo: SO%) 666 # Mﬁmﬁwmm o Au:n_:m.v :u‘.ﬁzmuﬂooﬁum. ?8.9» . 1102 1qu22d-T10Z xos pue a8e 10y
(az1s Jooyds 03 Teuontodoid) L1-9 d8uel) (§7¢) L 1T 9[eW (¥'¢) O'TT d[eWd) Arenue( :porrd amuadiad 2 dg :uorsuayrodA xas pue ofe 10 [8¢] (+102)
1z a8ess {(spd pue a8 UBIIN 94/'CS R[RW £94¢"/F :D[RW) 1IPUD ‘pord t OO W56< dd :UOISUIMIAAH X35 b ) ‘e 30 aqm
SJUPIIS T 5eIS (SIS P W 9627C5 1 WELy D[P} HI9PUIH BUOI}025-SSOI) samuadiad DAD YIse> pue Y6 dg :uorsusiradAyarg [e 32 2Impqv
s£0q Jo IoquINU JBJIWIS € }D3[[0D ey :AeuoneN Iqeyd nqy :d)errwg feuot r 1 1 : 1
0) paynens) sjooyps orqnd |
o8eys :Jurpdures wopuer adejs-om],
p¢g i opdures %6 FT 518K 16< 961G :sI1eak (sourprnd
(232 ‘sanbsow ‘sewr Surddoys 16> 98V %S/ O[BW 049'HT :D[EUWID] 1I9PUID) AN :poLrdd RS o (€] (S661)
“35 “say1s orjqnd ueqin woxy 0G°LT SQRIY-UOU $96°GH (Y )-UOU) SqeIy [eUOT}035-5501) o:wWUW% Aﬁﬁ\v wwumwwom %wﬁwﬂ Aﬁu\ Mﬂw@mwmmw%w .MWM» Te 12 remredy erweprdsiq
Juaunmuoar) Surdures JusTUIAUOD $949°97 :S[eUOnRU Y () AN[EUONEN YN :orerrug [EopIOF (J0IA1SA[0Y2 [2303 pareAd[d) PrusapIdlsAcl
£60F # odureg (uswom 105
QM_MWW wowvzwmﬁwmmmwﬂo:wcﬁ T sun- 06'0Z PU USW 10§ 66°0Z "YHM YSIY W 08 < :Amoruyie
NP payt URAS . LTI SYTF W %8S . 000z 6661 JO 9AT}O2dSALIT “USWIOM IO SINI[RUOTIRU IIYJO WIOIJ USUI [£1] (8002)
Apmyg aseasi(q £19)1y AIBUOIOD) 10 :I[BWIDJ (04¢ [f :O[BW :IOPUIL) 948G :SIYIO 9T 12qO1Q :poLIdg o ~ ~ 4 3
: ¢ ) J UD F6Z PUB UIW URISY YINOG J0J U (62 A11S9q0 1Zey] pue IR
s10)0% ys11 10§ Suruaads pue Apnys  :perrwy A)euoneN ([euoneu) [y :djeIruryg [eUOT}D35-5501) do
$19QEIC] [PUOHEN] SITTA 00T [eXU2D dUYIP 0} DA JO S[PAI] JOINDd umﬂuu s-fdruyla)
) wouy paymar syuedonreg uontuysp JdI pue dION PWOIPUAS JT[OqRIN
(I9THN/VHV pue 1) (uonesrpawr stwadA[godAy
ces 14 ojdureg (wonezIIOpULI Jo asn 10 Tp/Sw 001=) DI pareadd (g) (sdnip
#91 HEZIOp aarsudradAynue jo asn 1o SHww ¢g< Jgd Io/pue
Teapun) 289100 yoed Ayis1oATUn) V) UI SUapng (s1eak gz—,1 aSuer) ) Dol PER. o1eASIS (3] o onDoL swoIpuss
70 %01 Jo sidwesqns wopues &g (£'T) 307 93¢ UL S[ewaq xopusny nenuy 70T E10C PO HWWOET< d4S) df p1eadp (7) (O-IAH panp [9€] (9100) B

pamoyjo 9351105 £q uonesynens :AreuoneN (Ury [v) Iqeyq nqy :ojerruy
:Burdures wopuer paynens

810°T :# o[dureg (unySrom-jas)
[00Yds yoea Jo az1s Judw[oIud oY) (9jearid pue oriqnd) WAIPIIYI[00YIS (sIeAk
03 reuonzodoxd padures syuopnys  gT-¢1 28uer) (8'T) F'ST :958 URIIN %'8F :d[ewd)
17 93e)s {(a1eMJOS SSJS BuIsSn Aq  049°TG ORW (IAPUID) 948F SIAYIO 047G NeIrwg
Pa109as A[wopuer) sjootps :1 a3eys  :AjrjeuoneN (ury [y) Iqey nqy :jelrwg
:SBuriduwres wopuer §qJ 28eis-omy,

[eU011238-SS0ID)

010C
[dy-yoIepy :porag
[BUOT}D3S-55017)

10 Juaunear) Snip 1o Tp/Suwrgs>) D-TAH ponpal
(€) (DI, pareadrd 10§ yuawjean Snip 1o Tp/3w 012
o) eruapLdABLnadLy () {(wo 083) OM
pajeadpd (1) :SuImor[oy ay) Jo ¢ JWOIPUAS JI[OqeIdIA
SHww 08/0¢1< dd pue
(/10w 9°) Tp/3w 001< DI ‘9T< pase sjuadss[ope
S[eway 10§ (TT/[OWW 6Z°T) TP/3W OG> 10 (T/[OWW £0°T)
TP/SW 0F> O-IAH “(T/[oWw £'T) Tp/3W 0S1< DL 912
pade yinoA 10y syurod Jno omuadiad |IF6< 10 smuadIad
063 DM (uonruyap JJ) QWOIPULS dI[OqeIdA

Te 32 LaYRYQ [V

[se] (€102)
Te 30 LITRYRIN

G¢G :# ojdureg sasnoy

uasoyd ur JurAr] uswom [fe :¢ aeys Surmp-LAunururo))
‘(UonjeZIWIOpULT O A . F¢ a8 : 1007 3s3ny-000¢ 3 z
‘(uoneZIWOpUEI BW)SAS) sasnoy (L'71) €€ P58 URN S[EWD) H19PUIDH saquiaydag potag (IETHN) [W/330€< [¥€]
17 o8e3s {(qespun uoneziwopuer) (9 ]z :28eLuew £q 956/ {YIIIq AQ) UIZNIO HeITW mcozuom.mme. TING :L11saqO NE\wx 6'67-ST IING YS1omI2A0 (F007) T 30 131D
seare Jurar :T aSe)s :Jurdures AypeuoneN (ury [v) Iqeyq nqy :djerrug fewot o
wopuer ageisnnu paynens
Surdureg sonstIajoeIeyd Juedonreg ad£y Apmig (BLI2ILID) 9SBASIP PAIPMIS MNMMQMMN

‘ponunuo)) i A14V],



Journal of Obesity

8€1°0G # ddureg
weidord Suruaams YAVOIM
o) UT popn[oul S[enpIAIpuI [y

105°€L1 *# 21dureg
weidord Suruaams YAVOIM
Y3 Ul papnpdul S[enpIAIpul [y

L18 :# ddweg (payresap
JOU POYIoU UOTJRZIUIOPUET)
1opuaf £q paynerns pred [ieay e
Jo uoIssassod Jo s3SI UIOI} UOT}IIIS
wopuer :g a8e)s (1 UeYy) dI0W
J13sa1snq a1} asoo) Ayderdoad
£q paynens sOHJ JO UONIAS
:7 28eys :Burpdures a8ejs-omy,

871 ¢ dpdureg
(sdures 10qe[ pue ‘sanI[IOey aILd
eay juanedino sirew Surddoys
WOJJ JUSUNINIIAT JUSUIAUOD)
Surdures onsrunjroddo

PP8°s ¢ apdureg
(parresap jou) Surdures wopuer
12350 “paynens ey
Apmg aseasi(q £10)1y L1euoior) 10§
$10)08J YSLI 10J Surusards pue Apnis
$9)2qeI(] [BUONEN] SVEITWH (00T
ay) woyy paymidar syuedonreq

(€F71)
78'9¢ :95€ UBIIA] 95 ¢F :O[BW 04/ G :I[RWIAJ :IOPUIL)
nerwy A)euoneN 1qeyq Nqy eIy

(8°€1) T's¢ 95
ued]y pelrwy :AeuoneN 1qeyd nqy jernuyg

(89-6¢ :28uer) 1
a8 UBIIN 9%7'8F O[RW $048'TS O[EUWIJ :I9PUIL)
nexnwy AfeuoneN Iqeyq nqy yeirug

05ST O[RWJ 194G/ O[RW :IPUIL)

(T1) 8¢ :28e UBIN %T'G SIAYIO 049} SULISY
IO {94/°¢/ SURISY YINOS (96°6 SqRIY I910
069 ‘neIwy :A)[EUONEN YeWIRYY [V SeY pue
‘qeare/ng ‘yelreys ‘1qeyq nqy ‘Teqn :Pjelrurg

s1eak (7= 298V %S
:3[BUWIAJ £04CH AR :IOPUID) 9409 :SIAYIO %0F
mearwy AeuoneN (feuoneu) [[y :jerruryg

010 2un{-6002
[udy :porag
ﬁm:OEUOwumeuU

0102 111dv-800C
[dy :porag
?GOEU@w-wwOuU

S00T £1en1G3.1-100T
Aren1qag :porrag
?GOEuowummOuU

¢10T 12q010
-roquiaydag :porrdg
[BUO1}235-5501))

000C-6661 ‘POLId
[BUO1)D3S-5S01))

T/Ioww 0°'TS D-TAH 10 /oW 52 O-1A'T
pamseawr e 10 uonesrpaw Surimbar S[PAd] [012)s3[0YD
[eurrouqe jo £103s1y Ised poyrodar-jps serwoprdisiq

(BHww 06 dgq 10 SHWW OF1< dgS) Surpear 4
[eo1ur[d pajeAd]d odurs e 1o uonesrpawr Surrmbar gg ydiy
Jo 10351 35ed payrodai-ypes :uorsualradAy uawr 103 603
PUE USWOM 10§ 68°0% YHM :£11s2qo [enua) w/3y 0g<

TN 418290 ,w/8Y 6'67 03 ST TN WYSPMIA0
21008 ysry weySururer] juswiear) Sunuerem
sajoqeIp Jo £103s1y parrodai-J[as 10 T/OWW ['T[<
2500 wWopuer 10 %692 dTYQH :SAI2qeI
(uoneoyisse[d VAV) %¥'9-%L'S XTVQH $912qerpaid
son[eA oyads-AdIUId YIM DA PIIeAd[d :£11s2q0
[enua) (pauyap jou) £1s2qQ (pauyap jou) JYSOMIAQ
(pouyap 1ou) erwaprdis (pauyap
j0u) £)159q0 [e1UR)) (B [1] d.LV) DI 10 ‘dd Y81y O
-TAH MO ‘DT, Y81y 415290 [enuad :FuImo[[oy ays Jo €<
:awoIpu4s orjoqeIeIy w/3Y 0 TNG 4315390 (B103110
DNI) s¥s1A yioq uo S W 06/0F1<dq :uoIsua)1adAr]
SUOISEID0 7 UeY) 2I0W U0 SH W 08/0713
dg :uorsuayradAyaig (vay) sa1eqerp payrodai-jas 1o
‘SUOT)BIIPAW $JIQRIP JO 35N “Tp/SW GZT< DT 5919qeI
J[ewdy Ul W g8
pue ofew Ut wd 012 DM AIS2q0 [BNU)) %592 OTVQH
10 (uoneotpaw drwadA[SradAynue Juraredar) sajoqerp
pajean) pue umouy jo AI0ISTy :s3qeIq W/3 00X
ING :A1s9qO SH ww 062 49 10 SH ww 0F1< d9S
Io (uonedrpaw sarsudIddAynue Jurareda1) uorsusadAy
pajean) pue umouy jo A103s1y :uorsudlrddApy

P/3w %> D-TAH 10 [p/3W (0T [012)S2[OY

210 10 (UoTEdIPaW SULIOMO][-[0I)SI[0YD SUIAIIIAI)
erwaprdifsAp pajean 10 umowy jo L1031y :erwaprdisdq
W/3Y 062 ING LsaqO
W/3Y6'67-5T TN 411520214 USWOM 10 (06'0< Pue
uauw 10§ 66'02 YHM :Ki1s2qo [enua) SHww 062 J94d
J0/pue SHWW 0F12 gS ‘uotsudaradAH [L1DO 2y} uo
/oW 0" 1-§' *DF SNOUIA YT 11D] T/[OWW 6'9-T'9
g4 rerwedA[3 Sunsey parredwy /0w 'TIZ HY YT
I0/pue /oW ('£2Z DY $9)9qRI UOIIePUIWWO0IT
dnoig yradxa QM :20ueId]0) 3s0on[3 [eurIoUqy

[07]
(T107) Te 10 yeley

g
(0107) uostIeH]
pue jelefy

[€¥] (8007)
‘Te 32 eunoukegq

[ev] (S100)
Te 32 I[eynsnx

[81]
(S002) ‘e 12 MBI

$101oe]
st adnmm

(31qe[reae sem snye)s
$3)9qQeIp WOYM 10 96£7 Sutpnpour
‘s)Npe G6§g) sasnoy g6y ¢ ajdureg

SISNOTY USSOYD UT FUTA] UIWOM
jueudarduou pue uawr [fe :g ae)s
‘(quaunredap £)1011193]0 Y3 UT PaIsT|
sasnoy jo ofdures wopuer ayduis)
sasnoy :T a3e)s :odures aSejs-omy,

sieaf g1
298V % T°6F 9[BUW £046°0S :D[EUWIS] JISPUIL) TJRITW
:AyeuoneN (ury [v) 1qeyd nqy ey

900C 19qUuLAON—-S00T
I2qUIad( POLId
[BUO1}235-5501))

(dnoig yradxs OHM) T/[OWW T'TTZ
UOTJRIJUOUO0D 3500N[3 POO[q SNOUAA [,]DHO
-3s0d g 10/pue /0w ('£2 UOHRIUIIUOD 3s0on[3
poorq snouaa Sunsey :s2)aqeI( (T/[OWW ' T8/
:2500n[3 pooq snouaa 1,150-1s0d )
20ueI2]0) 250on[3 paireduwr 1o (T/[oWW §'9-9°G :2500N[3
poojq snouaa) asoon3 Sunsey paaredwr :s31oqeIpaid

(7]
(£007) Te 32 1peeg

Surdureg

sonstIajoeIeyd Juedonreg

ad£y Apmig

(BLISILID) 9SBASIP PAIPNIS

Teaf pue
Toymy

‘ponunuo)) i A14V],



Journal of Obesity

“19)u2d ared eay Arewrnid (D ©9s0on[8 poo[q :Dg oraysafoyd urjordodi] Asusp-mo[ :D-TT PURd JUSUNEIIL, INPY d LV UONEDOSSY $3)2qer
UBRIRWY YAV DTV UIqo[Soway HDTYqE 99} 90ueIa[o} 250013 [eI0 11D DNIWWO)) [euoneN Jutof DN/ ‘oner diy-o3-jsrem yHM ‘weiord uoneonpy [0123s3[0yD) [eUONEN JIDN UONRII0SSY JIBIL]
uedLIdWY (YHY @Inssaxd pooq orjoiserp :gg( 2inssaid pooyq o1j03shs :gqs Soprraof[din :0 7, anssaxd pooiq :dg @soon[d poorq Sunsey :ng.1 orsapoypd urdjoxdodi Lysusp-ySiy :D-TH ©OULIJWNOILD JSTeM
DM SUOTIRISPA,] $3}9qRI(] [EUONBUINU] 1 (]] ©ININSU] poo[g pue Fun Iesf] [euoneN [ THN $SIIeIWy qery pajIun) gy pa1iodar jou 3N ‘UONUAIIJ PUE [0IUO)) 3SEISI( 10 SINUI)) DD ‘uoneziuediQ
YIHEIH PHOM :OHM SUOLBIAID PIBpUE)S (IS 9210 Yse], 411599 [euoneuIdu] 1O ©9z1s 03 [euoniodord Ajiqeqoid :gqd £oAIng uoneurwexy UOHLINN PUue Y3[ed] [eUoneN :SENVHN Xopul ssew £poq (NG

AN ¢ ddures uenisAyd e £q asoon(d Sunsey parredur pajuswunoop
(paSeuew oq 0) pawmnsaxd are 010T 12quIa23-0107
i . 10 Tp/8wW 9z 1-0TT DE 25008 Sunsey parreduy [€1] (s102)
syuaned onaqerp 9y} Jo Jsow IYM uew(y Ul QeIIW-UOU pue [eIruryg Arenue( :porrad dUIpUL
uenisAyd e £q sajoqerp pajuawnd0p I0 sajaqeIp ‘e 12 UBIRYPIIS
sfendsoy [eiauad ¢ pue sOHd Hoyod aandadsonay o stsougerp 3s11y snoraaid 10 Tp/Sw 9712 DY :$939qeI
G UI pajearn) sased [[e) JATISNeYXH Jost sty snot P saeqe
s1oxIom Auedurod
seS pue [10 :$o1SLI)ORILYD IO (S1eA
:poLId Quyap jou
LE0'T 34 ddure teapun P9-61 98ur) £'/¢ :aBv urap et 1opudn) wwmmm\vmmmwm.mwo.uom uotsuajradAy Quacu%ﬂosm mwﬁﬂmwm w/3Yy 0= :L1saqO suﬁ%wmﬂﬁmm%ww
%1 STOUIO 96"/ sourdiqry (9 1°gT suend43g : : ikl : ’
04T € SUBIPU] $94¢°¢T ‘neIrury :AJ[euoneN sookopduug
0'T< ¥HM pue
gce satuedwoo wmajonad jo dnoid e 9661 Arenue(-Ge6T NE\wx 66'7¢Z TING £1159qQ Tp/3w 007 < [0191S3[0T [€10) (5¥] (8661)
-+ oqdures Surdures JusIUAAUOD Ul paseq YO SONSLIdIORIRYD IAYIQ SIedh 6F—G¢ Kepy[ :porrdg Sursey :[01)SA[0YD POO[q PAAIBAI[F T/[OWW ['T[< DY N
:a8uer o8y ofewr :19pUAD) IqRY  NQY :d)RITUI [BUOT)O3S-55017) INOY-7 10 T/[OWW §'/< DY :$919qeI( T/[OWW ['T[-8°/
‘Dd Mmoy-g pue J/[owwr g L> HT 1LOI
Surdureg sonstajorIeyd juedonred ad4y Apmig (BLI2)IID) JSBASIP PAIpPNIS HWMMHMMW

"panunuo)) i1 "I4V],



Journal of Obesity

(10070 > d syurod a[puadiad
757 Aq [N UT Uononpai e yim pajenosse sem uondumnsuod L1rep A[rep [euonippe
oed) uondunsuod Airep pue sauadiad [ S, PIYD UdaMIdq UOTIR[21I00 dATIeSIN
(syurod
smuadrad y¢z Aq paseanur snuadiad [NG S PIY> 2 TN [eiuared jo NE\ME
£1049 10§) TN TeIuaIed pue samuadtad A S PIYD U22MI2q UOTIR[DII0D JATIISOJ
(£8-T'T ID %S6 0°€ = YO) [00Ys Je Iseppealq Sunea :sfog
SI010IPAI]
(0'T-%0 1D %S6 9°0 = YO) Yeam/soum $< uondumsuod ymiy :sdog
(8°0-€°0 1D %S6 ‘50 = YO) YPam/sawy $< uondwmnsuod spooy
198J {(8°0-€°0 1D %S6 *S°0 = YO) Yoam/sawn $< uondumsuod sYuLIp 3j0s (8:0-¢0
ID %S6 5’0 = YO) Yeom/sawn 2 uondwnsuod $309mMs pue $31e[0207d {(0'T-20°0
IO %S6 10 = YO) YPam/sawy $< uondwnsuod Jeaw £(6°0-¢°0 1D %S6 50 = YO)
oun| pue Jsep{earq usamiaq ur Sunpeus Apuenbaiy ((HL-9'T ID %S6 F'€ = YO)
[o0oYPs Je IsepyeaIq 3uned (0’ 1-7°0 ID %S6 ‘S0 = YO) Isep[eaiq Junes sfem[e S0
1$10108J 9A1}29)01]

spd ur uey) sfoq
ur 12Y31Y 9687 81 {(796°0 < L “Teak 12d 968°¢) A T1-¢ UaIp[IYd U1 dFe Ym Areaur
pasearour 4115990 awaIXa pue A)1saqo IYSIOMIA0 Jo ddudesdld :1opuad pue a8y

passasse J0N

Ppassasse J0N

(FL6°0-629°0 1D ‘6820 = YO) seare [eana ur Sural] skog
(£0£°0-19%°0 ID 695°0 = YO) SIS Betwrg-uoN
(69£70-7£5°0 ID ‘7990 = YO) shoq nemwyg-uoN

1$10)0®J JA1)I9)01J
ySremIanQ

(216°0-165°0 ID TEL'0 = YO) seare fernt ur Juiar skog

1SI0J0B] 9A1II10I]

(T00°Z-SFE'T ID FI9°T = YO) Seare [eina ur SUIAI[ S[IID)
(90€'T-STO'T IO “€£T'T = YO) AV Y} 2pIsino g
(TOTT-8F'T ID “£9L'T = YO) SHIS Nelrwuy-uoN
(1T12-66¥'T 1D ‘€84'T = WO) skoq nearwug-uoN
1S10101paI]
hus2q0

Ppassasse JON

Ppoassasse JON

(%181 SHI3 “9¥' 1T :s40q) %861 4115290
(%2£°91 S[13 949°11 :s40q) %7 F1 IYSOMIIAQ
“wﬁmﬁo_uwﬁ Tjerrury
(%0°L1 SHI3 $96£°0T :3£0q) %6°81 A1152q0
(%9°LT S8 $96£°T1 :540Q) %L1 IYSPMIAQ

%T'TT SL0q 96°07 SMIS L1520
9681 :s£0q 0 T°¢T SIS ySromraa0

(oan8y paremnored) 981 :DAD ANs2qO
(23y pajenoTed) 9%F1 :DAD YSMI2AQ
1SJUIPISIY
%€°0€ *OHM %¥1 :ALOI ‘%0 :0AD 4ANs2q0
%S :OHM %91 :LOI ‘%L1 DA IYSPMIAQ0
eIy
(%6°L T8 %6’/ 540Qq) %6’L A11S2q0O
(%€°6 SIS 9G°8 :S£0Q) 9%0°6 IYSPMIIAQ
%071 SIS 94/ :s4oq :£3159q0
%0¢ SIS 9467 :s40q YSOMIIAQ
g1 2%e 1y
%¥6'6 SHIS 96809 :540q :A31990
%9T'ST SHI3 %971 :s40q YSromIaaQ
i£1-¢1 98e 3y
%¥S'9 SIS 949079 :s40q :£11s9q0O
%86°C1 SMIS 9GH €T s£0q :ySromIanQ
s1e9 G I9pUN)

L91-GTL 1D %S6 ‘%9 F1 S40q H'ST-8'1T {ID %S6 %S €1 S[I3 :ANs2q0
STT-9'81 1D %S6 %S 0T 40q SLT-8TT {ID %S6 ‘%ST SMIS YBPMIAQ

SIPO

9FI-F 0L 1D %56 ‘%L T S40Q L'9T-STT IO %S6 %EH1 SIS :A1s2q0
6'61-€'ST 1D %S6 ‘%€ LT 5409 T°0T-ST 1D %S6 %9'LT M3 YSMIAQ

eIy

SHI=9'TT 1D %56 “%I'€T :$40qQ §'CT-T'TT :ID %S6 ‘%P T1 SMI8 :Ls2q0
6'07-9°LT 1D %S6 ‘%761 :540Q 9'TZ-€'8T 1D %S6 ‘%861 SMIS IySomI1A0

(%L SIS “9%/°L s£0q) (Pparemored) %%/ :A11s9qQ
(%1°0T SHIB 9% T°LT s40q) (Pa1enO[ed) %981 IYSPMIAQ
(%0¢ yeareMy 97T ‘Yewreyy [V sey ‘%,Z ‘reqnd

4% “yelIeys o517 ;1qey Nqy :£)159q0 pue JYSIOMI2A0 10J SII JB) 046 JYSIOMIIAQ

%1 IYSIOMIDA0 10] NSLI Iy

[s2] (€1027)
Te 32 qreun( [y

[¥2] (6007)
Te 30 Teez urg

(2] (9102)
Te 39 1ysoo[q [y

[¥1] (00027)
‘Te 32 peppeH-IvV

[o1] (1102)
‘Te 39 bezzermpqy

[s1] (20027)
Injeq pue YIew

[zz] (s007)
‘e 39 PeppeH-IV

[12] (€007)
‘Te 39 TueInoy [y

waIp[IYR
ur £1s990

(stsA[eue djeLTRAI[NUI) SI0JORY ST

(S)aSBaSIP JI[0QLIDWOIPIED JO IU[BAIIJ

1eaf pue 1oy

"SIIPNIS PIPN[OUT A} UT SBIQ JO YSLI pue

SoJRITWE qely PajIu() Y} UI SIseasIp dIjoqejawolpred jo ASojorwapidy g a14v],



sajoqerp jo £10)s1y A[ruuey pue ropuad ofewdy ‘(s1eak (<) 98 Jursearouy
'SUOTIIUYOP YIOq 10§ SWOIPULS JI[0qeIdW JO SIOPIPAI]

%0°LY PO[BWAJ (€FE-0€) %FTE P[RW) (6'6£-6'9€) %¥ 8¢ UONIUYIP JHON
:2wWoIpuAs JT[oqeIdN

[£1] (8007)
Srzey pue e

>~
= (TV6L-LE'9 1D %S6 ‘S'TT = OP) %S 9<OTVIH (%z0 syuauodwod ¢ (9g'T syusuoduros
1% (8%7°€T-6€°¢ IO %S6 ‘T6'S = YO®) %¥'9-9'S 2TVQH ¥ ‘%67 sjuauodwod ¢ 967 1T :spudauodwod 7 94pge :yusauoduwod 1 3ses] 3y) [9€] (9107)
O (F7'8-0T'T :ID %S6 F0°'€ = YO®) 80< YHM (%¥'1 reruapadASintaddy 9epg T 10 LaYRYQ v
fm (6°07-T°€ 1D %S6 ‘TT1 = YOr) 415290 ‘dd PIRAIPD ‘9.6 ‘DI PAIBAID ‘9%T'8T ‘DM PILAI[d 1%8'8% D-TAH PaonpaI) ’
= (TSTI-ST'T IO %S6 ‘§°€ = WOE) WSPMIAQ (%6=5 1D %S6) %89 PWOIPULs d1[0qEIN awoIpuss
g (9%0¢ S8 9%6¢ :s40qQ) 9%9°F¢ :£11s2q0 10 JYSIOMIIAQ ST[OqeIdA
w %8 SIS 946 :s£0q :uorsuairadApy
= (€€ T-TT IO %S6 ‘TT'T ™O®) NG SMID %1 SHIS 196G :$40Q D, PAIRAT [s¢] (£102)
(E€T-TT 1D %S6 ‘9T T WO®) ING (LT'T-1 1D %S6 ‘80'T MOE) W U108 :skog %¥L SIS 988 s£0q “JQH MOT Te 1 TIreYd
:WOIPULS JI[OqRIdUW JO SIOPIPAIJ %9 :SHI8 (9¢T :s£0q :DA] o9 HEeI
%% SIS 97T 40q (DM PAIRAIT
(%% :S[18 977 SL0Q) %€ :DWOIPULS JI[OqEIdA
%S¢ K1s990 [vel
T-%0° ‘50'T = 3
(LOT-%0'T 1D %S6 ‘SO'T = JO) 93V 9.7 BPMINO ($00) Te 12 91180
%6°ST *A11S2q0 04T'6 IYSTOMI2A0 :(S£0q) UIPTIYD frunurwoes
%11 A1159Q0 €049°¢7 JYSromIaA0 :(S[IS) uaIp[IyD o £15990
passasse JON %, TT :£11S9q0 £947°9T IYSIOMIIAO :I[BW JUIISI[OPY (€] (1102) Te 3 SN .
%261 £11S3q0 94607 IYSIOMIDA0 :I[BWID] JUIISA[OPY
%T'ES DM PABAID 04T HE KI1S9q0 94F T€ IYSIOMIIAO :d[eWdf INPY
: [e€] (S102)
passasse JoN %¥8C 115390 pue 1YSPMIAQ ‘e 32 noazpuedeq
ik [ze]
%86 ‘ANS2qO
$10)0¢J YSLI Passasse I Jo AUk I0J punoj sem aouedYIudis [edonsne)s oN (S66T) uempey
%61 IYS1oMIaAQ
pue 1a8resnjy
%¥'T :s919qerp pajroday
(5000 > d) syniy pue s[ea1ad jo uondwnsuod %8¢ ‘uorsuaradAy pajroday [1€]
10yS1y pue £1159q0 U2aM]9q SISA[eUR dJRLIBAIQ UI UOTRIOOSSE Juedyrudig %61 IYSIoMIdAQ (£007) TPeIY]
%9 AN$990
(%¥1 :09< ‘%FT :09>-0€ ‘%8 :0£>—0T ‘dnoid a8e) 991 :L1s2q0 [o€] (6007) Te 12
passasse JON : ) . i ; ;
(9%ST :09< f%EE :09>-0€ %IT :0£>-0¢ :dnoid a8e) 96,7 IYS1oMIaA0 [rews[-y{1oYS syusps
(L1 = ¥y) 10ds Sunnoerd ﬁwmww.ﬁ =) 4isaqo jo Axoysty Arureq %.-¢ 4S990 . agw@oos fysioarun
1$10)01paIg e 19 JosTesnA ur £11s9q0
s d %772 *A1159q0 pue 1YSPOMIA0 AR [82] FAISq
1670 = 4 SIYIey I19 mm% w.o ! M 99MJ2q UOTJB[21I0D JAIISO %1'8 “Ausaqo pue JyBiomiano dewag (8007) ueqars
16°0 = 4) TING ST9YIe] DY) pue Sa[et Jo TN U29MI2q Uone| nisod %€ 1 :ANsaqo pue JyFMING " pue 1peg
(%78 sTeak 0T 965°9 STeIA 07>) %S°L 8390 l61]
passasse JON o i
(%6'TC sTe2h 0T 296€°LT T84 07>) %0FT NYSLPMINAQ (000T) TEIPIA TV
%% 1€ 411240 048" 1T IYSIOMI2A0 SIAYIO
(A[reuorsesno 10 ArenSar) speawr usamiaq Suneg %1'6T 4115990 967°ST HYSIOMIdA0 ewIeyY [V SBY
(Ajuo 1ayyey 10 Iayrowr 10 Yioq) syuared Suowre L5990 %%'8T :£1159q0 94 T°0T IYS1omIaA0 yelreys [£2] (9661)
pooypyryo Surmp £3159q0Q %¢ 1€ K120 ‘9% 3ySromIano :reqn(y Aureg pue surury
:pue 411590 UMD (SISA[EUE d)JBLIEAIQ) UOIjRIDOSSE JuedyIuSIg 9%9°'T¢ :£11S9q0 $04¢°7T IYSOMIA0 (Iqey(J NqY
9%9°0¢ 4115390 48'0T NYSPMINAQ
9/ SIS 0467 :sLoq L1590
9%G°TT S[I3 ‘9T TT :s40q YSromIaaQ
elele} [97] (2102)
PassIsse 10N (%99 S8 9 T'61 :340Q) 9%,£0°€T :£11S9q0 ‘Te 32 1a8resnjy
(%9°€T S8 04891 340q) %P7 'ST ySromIA0
ALOI
(s1sA[eue djeLIeAT)[NW) SI0}0%] NSTY ($)9se3SIP JI[O0QRIAWOIPILD JO DUIRAIIJ Iedf pue 1oy
S ‘panunuoy) g 414v],



11

Journal of Obesity

€1
=4S 0°¢— = (o[ewy) 10puds L1 = FS ‘§'9 = g L 093 ‘ST = HS ‘6L = § :65-0F 98V
4 1ySiy jo s10301paId
67T =4dS TIT =g £09< LT =4S ‘S'I1 = g :65-0F 23V

%€8T ‘UeqIn 9% 1°CT
[eINI 04/ "FT STOYIO (94T°9T ISWIRYS (04°CT :A[WJ 946 L] O[RW :Jg( PaIeAdq
%6'FT ‘urqIn 9761

:dgs hﬁmE Jo s10301pa1d JeINT (947°7T SIAYIO 96°CT [ISWRYS 96/ 'GT O[BWIJ 9(0°CT O[eW JdS PaieAd[q [0%] (S661)
650 = dS 78’1 = g :(UeqIn) DUIPISA 60 = S 8I'T— = § %L'9T ‘ueqin e 10 sowedny 1 $932qeI(J
((1Iswreys) 9qL K60 =4S ‘€6'1 = g :(oreway) Movcmm 29°0="1S ‘S8'T =9 :65-07 28V  ‘%6°LT [eINT 1948° 1T SIAYI0 0 T°9T ISWeYS 05" LT :[eWdJ 96/°0T 9w &:mon_o
JING 1Yy31Y Jo s10301paid (%76 ueqin
£€°0 = 1S 95T = g :(ueqin) 9dUIPISAI {09°() = 060"F [BINI (9T F SISYIO 94/"QT (ISWRYS (96T°9 :I[BWJ (048°G D[RUI) 99 :$3)9qeI(
qS ‘£0°T = g :(1swreys) 3qu %0 = S ‘10°T = g :L 09 F°0 =TS ‘65T = g :65-0% 28V (9ouseaad paysnlpe-a8y)
DG, 19Y31Y JO S10101paIg
(%9°0 “I11 9518 96°C ‘11 95EIS 96£°9¢ ‘] 95EIS) %E OF P[eN
(%5070 111 33®3s 068°% 11 25eIs 06¢"8T ] 38e3S) %L °€€ P[RW] [6€] (6661)
passasse JON o . . i .
%S0°0 111 23e3s ‘%% (11 95e1s ‘967¢ I 95erg [e 32 JeyRyS-[1
Aﬁaw.ﬁm ﬁ.m?m&m ur snsuad 0} wﬁ:uuooum ﬁouﬁduﬂmuv %9°9¢ ”ﬁo_mﬁuuum&m
R uorsuajrad4Ag
pue sdnoiS age e ur snyeys JySrom pue sa100s-7 Jg u2amiaq drysuonjeor 2A1ISOg (%% L o[ewdf (04G°¢ d[ew) 96"} ‘uotsuradAy orjoserq
((sT0°0) €1T0- = (4S)F) X35 £((£000°0) T00°0 = (S)g) 2mud12d DAD ING (%8°F1 P[eWy %pp1 :d[ew) %9F1 :uosuartadAy d1joyshg [s¢] (¥1027)
1891038~ J{ OJI[0ISEIp JO SIOIPaId (%8 L1 :9[BWRJ 9} 'GT o[eU) 94G°9T :uoTsuIddA ‘Te 39 Jnpqy
((100°0) 900°0 = (dS)g) 2mu2012d DAD TNF ((S00°0) 0100~ = (AS)g) 8V (9%F'TT d[eWay $06G°0T d[eW) %601 ‘uorsualradAya1g
1821008-7 J¢ OI[0ISAS JO SI01TpaIg
%9°7C ﬁmE 0%L'F¢ ouIIapIoq s1eaf 16<
9%G°9T YSIY ‘04¢'9¢ :UIIPIOq SIBAA 1G>
%T1°8T YSIY “9%6°6T PUIISPIOq P[BN
possasse 10N %T'ST YSIY (9T HE PUIIPIOQ d[EUWD] [£€] (s66T) erwapidisic
%% 1T YSIY 0 T¢ :PUIIIPIOQ :SQRIY-UON Te 12 Temredy

%9'61 YSIY £9G"67 PUIIAPIOq ((FY-UOU) Sqery
%861 “YBIY $96€ €€ PUIIDPIOG S[EUOHEU V()
(J013189[0U Te301) eruapidisA(q

(TL¥-S'1%)
%€ T P[eWd) (S TH—-€€) %I LE P[ewW) (I'FF—56€) %8 TF 'WORIUYIP (I
(T95-18%)
%T'1S PRWRJ (6'8€-T'LT) %IE PRW) (8FF—T'0%) %6 TH ‘WORIUYIP JION
:2WOoIpUAs JI[OqeIdA
‘neJray
((T'€9-£'65)
%T 19 P[eWa] {(8'SH—T'T¥) %F'€¥ ©O[eW) (F'5S—€TS) %6'€S “DO-TAH MOT
((T8T-L%2)
%F"9T P[RWY (9F-T'TF) %9'€¥ P[ew) (67€-17¢) %S €€ DL ewse[d ysy
((965-2'19)

%L°€S P[RWd) (8'87-T'FF) %¥ 9F d[ew) 9%, 05 :2s0on[3 ewseyd Sunsey ysiy
((€7€-0€) %FTE R[eW] (€'67-9FF) %L P[eW) (6'6£-6'9€) %¥ 8¢ :dd YSIH
((ToL-LTL)

%9FL P[eWd) (£'69-T'19) %H €9 P[eW) (£ T1£-589) %6'69 UONIUYP J(I
((29-85) %09 da1ewd] {(}'L2—-€"€T) %€ ST P[BW) (€9F—€'¢h) %8 F¥ ‘uonuyap JaON
:£)1s2qo [eUTWOPqQY
((6°'LF=6'EF) %6°SF O[ewWy {(T'6E~L"0€) %6'TE R[BW) (TH-6£) %S 0F ‘uonruyap Jjd1
((¢'67-9%%)

(s1sA[eue djeLIeAT)[NW) SI0}0%] NSTY ($)9se3SIP JI[O0QRIAWOIPILD JO DUIRAIIJ Iedf pue 1oy

ponunuo) g d1dV],



(%T'LE OTBUW 96°6S :A[RWY) %6¢ AIIS2qO [eTU)D)
(%€°8T P[eW (9G'9F P[eWY) %¢LE A0
(%8'TT PTeW ‘%861
Ppassasse JON :aeundy) (%80 :paInseawr A[[eUONIPpe 0407 :Pa310daI-J[as) 9807 :uorsua)rdAH
9¢/ suorsuaradAyaig
(%¥°0T -orewr
%81 :2[RWR)) (98¢ :poInseaw A[[BUONIIPPE 0466 :Pa110daI-J[as) 94¢'¢T $212qeI(
(%EE SIYIO (96°LT SURISY 1910
£04G"QT :SUBISY UINOS £95G°¢H SqeIY IO 048°GG ‘NeITW) % £)1S9QO [BIIUI)D)
(%S°ST SIAYIO (949 :SUBISY
IDYI0 96 TH1 SURISY [INOS 066°0F SQRIY IO 969°0F BIW) %9°61 :A1S2q0
(%8°G€ 1STYIO ‘9% 0F SUBISY
(988°0 03 $8L°0 “ID %S6 F€8°0 MO) (s1vak 01 12d) 23y IOYJ0 (94 T'EP SUBISY YINOS 96° T :SqRIY IOYIO 96 H¢ NRIIW) %6 [F HYSIOMIAQ
110J00] 2A122)01 (%6 LY STOYIO “96T'¢G ‘SUBISY I9J0 [ev] (S100)
(TH0'F 03 0€6°C 1D %S6 TFi'€ ~JO) 19puas SN 0p1L SUBISY UINOS 96€°69 SqRIY IOYI0 967°999 :Helwy) 9%g'g9 erwaptdisiq Te 32 1eynsn g
110108 YSLI JO SI0121Pald (%THT SIOYIO ‘946¢ SURISY IO
045" T SUBISY INOS $966'C7 SqeIY IO 047" 0€ ‘NRITW) 9%9°0¢ ‘uorsua)todAH
(%T €T SIOYIO 94T°7T SUBISY S10)0€)
I9YI0 (96/°T€ SURISY (INOG 9¢° 67 SqRIY I9YJO 047 9F ‘RIIWY) %9 € $919qeI st ardnmy
(¢, mewd) ((0'9)
L P[ewd) (g°L) 6°6 Pd[ew) ('2) €°6 21098 YN JAD Weysururer] 1eak-01 uedy
%€ Ppnd :A)159q0
9468 :2)e1 paisnipe-age 988 :PNId D]
%1'ST 9961 pajsnipe-ade {946 Hg PpNId s3joqeI
‘earury
0, :opnId :£)1s9
8°0-S¥'0 ‘1D %S6 ‘9°0 = YO BIYY ISeF/Uepng 6°0-55°0 ‘IO %56 o \om.m P uSH: 90
e . e P ‘crr . . %07 PpNId> JYSIPMIAQ
£°0 =4O BV PION/AAASH £6°0-9€°0 1D %S6 ‘S0 = YO Wemys :AyfeuoneN (18-£9)
SARAEIP 10] $10378) SANNO1d % T L P[RWI (€°G—L"E) %S o) AN.M| ) %9°9 :(ID %S6) S21eI pazIpIepue)s-o3 [81]
SO'T-20°T :ID %S6 F0'T = O TN T0°T-100'T 1D %S6 T0'T woTL Bl os bl e 9) %9 oo. 9% PouIpIED V' (c002) Te 1 e
T G e T - O T = ATy 388 CCCT—RT T T OhCh s T = M (Y : (%8 P[eWay 19G°F d[eW) %G9 PPNID
YO *ddS *L0T-S0T ID %56 “90°T = YO 208 “GG°T-8T'T ‘ID %56 ‘€L'T = YO AHM DI
1$9J9QRIP JO SIOPIPAL,
P hoid ((L€T-6'00) %eTT
d[eWdy £(72-8°81) % 0T P[W) (7°22~¥'07) %¥ 1T :(ID %S6) $93ed pazipIepue)s-a8y
((%6'F¥ :pasouderp Amau Surpnpur)
%T 61 :d[ewd {(%9°S¢ :pasouderp Aimau SUIpnpuI) 96 g P[eW) %7 07 PpNID)
1$3J9qRI(]
%T HT 1$219qRIpald
(%01 :pasouserpun {94(°G :pasouseIp) %0°67 :$212qelq
'Sp[0-1eak-$9 0} -0¢ Suowre sajer paziprepue)s-ady
%207 S919qRIpald
(%99 :pasouderpun :9y6°01 :pasouderp) 95T°£T :$919qeI]
:Apmys oy ur worsnput jo Liqeqoxd 2y 10y paysnlpy
650°0 = g :23% 18800 = g :IINd (%E"PT :o[BWR 9/ 61 d[eU) %8'TT $J2qeIpaId [17]
:$9)2qeIp pasouderpun Jo sI0J01paid (9%0°71 :pasouderpun 9,G'¢T :pasOueIp) 9G°S7 O[] {(%7'g :pasouderpun 96'8T  (L007) Te 12 Ipees
:pasouleIp) 941/ O[eW (9,01 :pasouderpun (94¢°G1 :pasouSeIp) 96°S7 :$312qRI
‘paansea]N
(%rCe
D[BUIA) £04/° LT O[BW) 9%9°0T :SP[O-TedA-F9 0) -(¢ Suowre sajex paziprepue)s-1399
(%TTT P[RWRJ {9776 P[EW) %T 0T S2RqeI
:payrodayy

(s1sA[eue 2)BLIBAT)NUI) SI0}O®] NSTY ($)9sBISIP D1[0QRIDWOIPILD JO DUI[BAII] 164 pue 1oyIny

[e7] (8007)
‘Te 32 eunoukeq

Journal of Obesity

12

‘ponunuo)) g 4I1dVv],



13

's1eak-uosiad :xq @oueId[o) asoon[d pairedwr O] ©jel pazipIepue)s

-98e 1SV oseastp re[nosesorpIed :qAD ‘oner diy-oj-istem yJHM soon(3 Sunse; parredwr 0 10112 prepuels 1S SPpLIA[SLN (0, UoneIaPa] s)qeI(] [euonEwIAU] ] ‘weidord uonesonpy [019)s3[0YD)
[euoneN :JHON 91V urqofSowsy D1yqy @mssaxd poolq :gg @soonid poo[q Sunsej :Hg] LOUIJWNIID ISTeM DM [01a3sa[oypd ujordodrp Aysuap-ySiy :D-TQH ‘onel sppo pajsnipe YOr Xopul ssewr
Apoq A cuoneziued1Q YI[edH PHOM :OHM 22107 Mse], £11s2qQ [eUoneuIu] O] UONIUIAIJ PUL [01JU0D) dSeISI(T 10J SIANUIY) D)D) SAIBIIWH qeIY PATUN) V() ‘ONBI SPPO YO [BAIIUT DUPYUOD D)

(Xd 000°T/¥°T€ oreway
‘Xd 000°T/F'€T d[ew) 65-6¢ :dnoid age :s1opual yjoq 10y ajer duIpLUI 15aYSIH [€1] (s102)
Xd 000°T/€°9 [eWRJ ‘X 000°T/E€"E :d[eW :2)BI DUIPIOUT dYIdads-Iopuany ‘Te 10 UeIRYpISIS

Xd 000°T/8F :sTea£ 072 UT 20USPIDUT [[BIIAQ

Sso[ewr uey) 2)er DUIPUI 1YY B pamoys s1eak (<
SaTeIdy ‘U (SI1eIL G¢ JO 25 S [JUN IB[IWIS JSOUI[E SEM J[BUIDJ PUE J[BW UL YSV

duapHUL

(%e'Lg
'SURIPU] 049"/ :SOUIAI[L (960G STURISDIR 06S°CT SHRIW) %.¢ UOISUNIdAT]
(%9°TT :SUBIPU 94G°6 :souldIL 96 1T :STUBISDYR] 960 SHRITWH) %€ TT :$9I2qRIQ
(9% :sueIpU] (968 :souldI[L] 96¢H SIUBISDIed 9667 SHEIWH) %9°8 ANS9q0
passasse JON ‘uonentesd yieay drpotad 1y [9¥] (0102)
(%¥'8C (IWS-UOSMIN
SURIpU] 04%°7¢ SOUIdI[L] 04971 :STURISD[E] 960 SHRIWH) 9%G°GT ‘uoisualradAy
(%9°T :sueIpu] $966°C :souldIqL (950 :STUBISDIR (99°€ SRIIWUY) %67 $33qeI
(%¥°T :suBIpu] 946°G :SOUIdI[L] $99°9T STUBISDed 966°I€ SHRIWH) %9°9T :A1saq0O
Juowussasse Juawdojduraarg

(8'0-60°0) £2'0 2JOF :ALimanoe [eorsAyd £aeay {(¢8°0-61°0) 70 “YO® :A11anoe [esrsAyd
wnipaw £(z£0-€0°0) ST'0 ~YOE ‘ueadomny {($9°0-€0°0) ¥1°0 YOE qeIV-05Y
{(JHM Pa1ead[2) £)1S2q0 JO SI0JOBJ 2AT)I2)01J

(96'0-10) 1€°0 MO® :uend437 (8£0-L1°0) ££'0 O® ‘WeMYS
%VL #Okwuwwﬁoﬁ.ﬁu ﬁoﬁu?_ mkum>m~m

120ULID[0] 250ON[S [BULIOUQE JO SI0JORJ 2AT}I0IJ]
(T€'S-LV'T) 8T "MO® :6¥—S¥ I5e %1€ :(IHM £q paugap) £1saqo pue ‘989 :(ING 4q pauyap) £1saq0 [s¥] (866T)
{[0191S9[0YD [B}0) PIIBAJ[D JO 10IDIPAL] %01 :$312qeI( YI[BJAl pUB UTeSSO
%81 1T

(££'9-68'T) £S'€ “JO® :ST< ING
{(JHM Paread[d) £3152qo Jo 103101paid
(8T°9-£L°T) 1€°¢ ™JO® ‘1< YHM ‘(ITST-¥'1) ¥9% ~JO®
uend43g «(5£'8-96'T) FI'F MO ‘WeMYS (FS°9-FF'1) 90°€ “JOF :qely Jemsuruag
((TING pa1ead]?) £11s2qo Jo s10101paIg

SIIO M

(%59 :£10351y pajrodaI-J[as ‘946 :pasouderp
Amau) (ST THT) %9FT SV (%P LT P[eW 966°LT D[CWY) %9°LT DPNID :$339qeI
(66T *T'67) %S'6T SV *(%8'LT P[BW 96597 D[EW) %T'LT PPNID $919qRIPAIJ
(9°67 8'87) %T'6T ~ASV *(%9T O[eW $046°0T X[BW)) 9%T'¢¢ :9pNId :uotsualrodAry [07]
(TTS £€°0S) %L°0S NSV (%L LS P[RW 966°€E D[RW)) %7 Fh :opnid erwapidisiq ( ) e 10 jefe
(8779 6'19) %¥'79 “MSV {(%9'8S O[BW 946’ TS :O[BUWI) 948"FS :opNId :A11s2q0 [e1jU) o) 1 *H
(FF€ 9°€€) %PE NSV {(%19€ D[RUW 96887 :A[BWRY) %6'IE PPN HYSPMIAQ
(%% :oreur ‘949 :[ewdy) %G :AJ1S2qO PIQION
(S'TF SL°0F) %T'TF SV (%9°TE P[EW (9¢°8¢ D[EWRY) %P GE 2pnId 418290
9%SLH [[BIIA0 £949G°T D[RW] (966G°/ PD[RW 0507<
%TTYT “[BI9A0 29 1G°6 P[BWDJ 296 T¢ 0T d[BW :9%01<

Ppassasse JON

221098 YSRI JAD weySurwrexr] [¥¥]
passasse JON %¥ $a39qRIp 10 sajaqerpaid 1y (0107) uoSLLIEY]
%S A1159q0 [enua) pue jefef]

%S¢ ANs2q0
%TE IYSOMIA0
(%¥9 O[eW ‘046°CS :A[RWR)) %6'8S erwaprdisiq
(%€° 1T :9[BW 057" FT O[Wd]) 04/ 7T DWOIPULS JI[OqeIdA

(s1sA[eue ajeLIRATINUI) SI0)ORJ ST (S)aSBASIP DI[0QBIIWOIPIL JO IIUILAII] Ieaf pue roymy

Journal of Obesity

‘penunuo)) g dIdV],



Journal of Obesity

14

MO MO MO MO MO MO MO 3 MO MO Sr [8¢€] (v102)
T T T T T T ! UsiH T T UsTH T8 12 Mpqy
[e¥] (S102)
wnIpajy MOT MOT MOT ysStg MOT MOT y3rg ySig Yy ySryg 15 Tensnx
[e€]
WNIpa MOT MOT MOT MOT MOT MOT MOT ySiyg yStg Sty (S102) Te 30
noarpuedeq
[67]
wnIpay MmO MOT MO yStH MOT MO Mo Mo yStH yStH (€007) Te
I8resny
[ze] (S661)
wnpa MOT MOT MOT ySig MOT MOT MOT MOT ySiyg ySiy uempey pue
I8resny
[1€] (€007)
wnIpa MOT MOT MOT ySig MOT MOT MOT MOT ySig g Ipesoy
[s¥]
WnIpaN MmoT Mmo7q YStH YStH MmoT MmoT MmoT Y31y MmoT ysSiH (8661) NEIN
pue Uressof]
(82] (8007)
wnpa MOT MOT MOT MOT MOT MOT MOT ySig ySig ySig ueqqes
-4 pue Ipegq
l61]
wmipsiy MOT MOT MOT MOT MOT MOT MOT y3rg Y31 Y31y (0007) Te 3@
TeyPIN-[V
[s7]
wnIpay MO MOT MO MO MOT Mo Mo ystH ysiH ystH (€107) ‘e 12
Iqreun( 1y
[9€]
wnIpay MOT MOT MOT ySiy MOT MOT ySiy MOT MOT Sy (9107) 'Te 30
Leyeqd-iv
WnIpay MOT] MOT Mo Mo MOT Mo ysSiH yStiH YStiH YSiH .ﬁ_mmw %wmw
3 (Aressaoou
) so1errdordde I . esvIqeriea
sarerrdoxdde Ayrpirea pue JudyepPpun JueAd[RI
}sa19)ul 1oal. i 4 . (Axord suonemdod
seiq Jsaxayur Jo 1pwered $8302[qns JIIqerar sApms s(fxoxd ® S SMSUSD © SEM g o Jo 0} UOne[aI
(oms 10 Jo 1a3owered 5 [[e 10] pasn  I10j pa3sa) 3y} ur pasn o} pasoddo) ¢ . 10 opduues ayy wonerussardas uonemdod
pms J o) 10§ h UONOI[[0D  U23Q ISAINUI  uonIuyap  s309[qns oy 9 109]9s 03 pasn Bl [euonjeu Y3 Jo 1eaf
YSUI [[eI2A0 103 porrad : : : asuodsaruou Isop
(s)103RUTUIOUIP ejep jo Jo 1a3owrered ased woij AoaIrp S(QSREIEN uonjejuasardar  pue royny
a1} Uo Wy sousresard JO pooyrYI 10 o) © dwely
Ja— pue O1IOUS opowr owres Y painseawr  d[qeidaooe Pa102[[0 o se wopuer Sundures asop e
S (s)103eIOWINU 5 } M Mcw Ay} SepM jey) ue Sepn BJEP AT M B SeM Jo wI0j 5 L . uonyeindod
a 21 ' JO nete] juswInISUr Jwos se 1 sem 128161 s Apmys
Y M o se I M AP
Apms Yy} sepy
o4l peH

'sarpn)s [esrdojorurapida papn[oul Jo seiq Jo sy ¢ 414V],



15

Journal of Obesity

[o¥]
MOT MOT MOT MOT MOT MOT MOT ySiyg MOT MOT ySig (S661) Te 10
ToweSniN 19
[¥€] (7007)
MOT MOT MOT MOT MOT MOT MOT MOT MOT MOT ySig [ 33 235
MOT MOT MOT MOT MOT MOT MOT MOT MOT MOT ySig .Eﬁwmmmmﬁvmm
[e7]
MOT MOT MOT MOT MOT MOT MOT ySig MOT MOT Yy (8007) Te 10
eunoufegq
[£2]
MOT MOT MOT MOT MOT MOT MOT MOT MOT MOT Yy (9661) Aureg
pue surury
[6¢]
MOT MOT MOT MOT MOT MOT MOT MOT MOT MOT ySiyg (6661) Te 12
Jeqeys-14
[12]
MO MOT MOT MOT MOT MOT MOT MOT ySig ySig MOT (€007) Te 30
TueINOH-TY
[cZ]
MOT MOT MOT MOT MOT MOT MOT MOT MOT MOT MOT (S007) Te 1
PEPPRH-TV
[71]
MOT MOT MO MOT MOT MO MOT MOT ySig MOT MO (00027) Te 32
PEPPERH-TV
[et]
MOT MOT MOT MOT MOT MOT MOT MOT MOT MOT ySiyg (9102) Te 10
ysoorg v
[91]
MOT MOT MOT MOT MOT MOT MOT MOT MOT MOT MOT (1107) TR 32
bezzeimpqy
3 (Aressaoou
. soyerrdoxdde I . esrqeriea
sojeridordde Ayprea pue suaeuepun JUBAJ[AI
Jsa19jul . . . suonendod
ser BREREIN o mpwered s102[qns Ayiqerpax sApmys 3(Axoxd ® cewmun | SHSU9D B sem 198181 511 10 0) Uone[aI
X q Jo 1o3owrered J [[e 10J pasn 10J Pa1sa) oy ur pasn 0} pasoddo) dhietis 10 opduures oy Rk ur uonendod
pnis jo o serq uonejuasardar
ST1 [[2I0A0 o) 10§ 205 popad UOTJO9[[0D  UIIq }SAIJUI  UONIUYIP s309[qns a1y sstodsoruoy XIS 03 pasn 350 [euoryeu a1} jo 1eak
M 1 U0 woy (s)I03RUTUIOUIP usrerord eJep jo Jo 1jowrered ased woiy Apoa1rp o OO uonddps a0 © e uonjejuasardar  pue royny
MEEE:m. pue umﬁwosw opow owres y) painsedwr  d[qejdacoe Pa102[[0d ! %t mm.\fv: wopuelr Surdures J asop e
(s)I03RIoTINU A, o) SeM jer) ue Sep\ BJep IO M JO urIoj u& seA uonjeindod
oy} 1M juswWnsur WOS SBA\ 10818} s Apnys
o STM Apms Y sepy
oY} peH

ponunuo) ¢ dIdV],



"SWA)T O] 9Y) JO AIOUWI JO § 129U A3Y) JI YSLI MO[ PUE ‘BLIDILID / 0] G 199Ul A} JT ST AJBIIPOW ‘BLIOILID G UBY) SSI] J99W A3}

m/ J1SeIq JO S [[e1aA0 Y31y e Suraey se papIedal a1om STpNIS ‘seiq Jo s Y31y e se paropisuod sem Juniodar 100d 10 TeI[OUN 'SBIQJO NSLT MO[, 10  YSLI dJeIpawIaI UL YSLI ySIy, e Suraey se pazL105a)ed a1om sua)]
n
9 [e1]
@) MO Mo MOT MO MO MO Mo MO Mo MOT ySig (S107) 'TB 32
= URIRYPIIIS
g [0€] (6002)
| MO Mo MO Mo MO MO Mo MO Mo MO yStg Te 32 [rewus]
2 “PIYS
MO Mo MOT Mo Mo MOT Mo MOT Mo yStg MO rw_uoﬁmmmwwv
(€] (1102)
MO Mo MO Mo Mo MO Mo MO Mo MOT MO SRR
[97]
MO MO MO MO MO MO yStH MO MO Mo Y31y (01027) Yrrws
-UOSMAN
[92]
MOT Mo MOT Mo MO MOT Mo MOT Mo MOT MOT (2107) TR 10
1o8resny
MO MO MO Mo MO MO Mo MO Mo MO MO AMW&HMMWM
[£1]
MO MO MO Mo MO MO Mo MO Mo MO MO (8007) d1zey
pue Yiey
[s1]
MO Mo MO Mo MO MO Mo MO Mo MO MO (£007) I0yRg
pue e
MO Mo MOT Mo Mo MOT Mo MO Mo MOT MO W w_o Mmmm
MO Mo ysiyg Mo ysig MO Mo MO Mo MO MO .HMNMQAWN m
[¥¥] (0107)
MO MO MO Mo MO MO Mo MO Mo MO MO UOSLLIEH
pue Jefef]
3(Aressaoou
. m esdqetiea
so1errdoxdde grendodde Ayrprea pue JudelIOpuUN JUBAJ[aI
s2193Ul . . . suonjendod
Jsa19)ul $s102[qns Ayqerpox sApmys s(Axoxd e SNSUID B SeM 0) UOne[aI
seIq : Jo 10)owrered : il SsTewuTUTI 1o81e) 91 JO :
o 1aourered [[e 10J pasn IO Palsa}  9yj ur pasn 0} pasoddo) 10 oyduures atpy ur uorjendod
Apms jo 3 o) Se1q uonejuasardar
a1} 10§ UOTOA[0D  Udq ISATNUT  uonIuyap  s30a(qns oy : 199795 0] pasn ‘ [eUOnIEU 3]} JO Te2f
SUI [[eI9A0 103 porrad : ; .. : asuodsaiuou asop :
: (s)IoreUTIIOUSD : ejep Jo  Jo Iajowered ased woly AJoaI11p uonoa[as uonejussardar  pue loymny
oY) UO wra)I : aouaresdrd 30 pooyreyT| ‘ 10 9nI) © dWely :
{rewrng pue Jsay008 opour swres oY) painseaw  d[qeidedoe Pa129[[02 o seA wopuer Surdwes asop e
(s)Iorerownu o) SeM jer ue sep| BJEP IO Jo wIoj : uonendod
5 a1} jo yidua| oY) SBM 3 X
) 9TO M > se jusTNISUT auIos SEA\ 1o81e) 5 Apnis
B SEM Apmis a3 sepy
ay) peH

‘panunuo)) ¢ AIAV],

16



Journal of Obesity

sex-specific rates, highlighting a greater proportion of
overweight and obesity in boys compared to girls in Abu
Dhabi. In contrast, Dubai shows almost equal rates of obesity
in the two sexes (girls 21% and boys 22%), yet higher rates of
overweight in boys (19%) compared to girls (13%) [24].
Conversely, Sharjah shows identical overweight rates among
its boys and girls (11%), with more than triple the rate of
obesity in its boys (23%) compared to girls (7%) [26].

4.1.2. University Students. All studies addressing the rates of
cardiometabolic disorders among university students were
conducted at the UAE University in Al Ain, Abu Dhabi.
They report varying rates of overweight and obesity across
female university students, ranging between 29% [32] and
46% [30]. In contrast, only one study tackled male university
students and reported an obesity rate of 35% among them
[29] without reporting their overweight rates.

4.1.3. Adults. A study conducted at the national level be-
tween 1999 and 2000 reported prevalence rates of 40% and
30% for overweight and obesity, respectively, in Emirati and
non-Emirati adults combined [14]. In contrast, a more re-
cent study reports a prevalence of 42% for overweight and
20% for obesity in 2012 among the same abovementioned
population [42]. However, the latter study recruited a con-
venient sample of Emirati and non-Emirati adults in 5 of the
UAE’s 7 emirates, making the deduction of temporal trends
somewhat unreliable. Regarding sex-specific rates in the
adult population, a recent national study shows that nearly
two-thirds of adult Emirati females carry excess body weight
(31% overweight and 34% obese) [3], yet it does not report
any estimates for males. However, an earlier study found
remarkable differences in sex-specific rates of obesity,
reporting a prevalence of 47% in women compared to 28% in
men [43]. The same study reported an overall estimate of
37% for overweight and obesity in Emirati adults residing in
Abu Dhabi [43]. Likewise, in a study reporting emirate-
specific rates, it was estimated that around three-quarters of
the Emirati adults residing in Abu Dhabi carry excess body
weight, with 34% and 41% of them being overweight and
obese, respectively [20].

4.2. Metabolic Syndrome. The national estimates of meta-
bolic syndrome among Emirati and non-Emirati adults were
38% and 41%, respectively, in 1999-2000, using the National
Cholesterol Education Adult Panel III (NCEP) and IDF
definitions [17]. Interestingly, regardless of the definition
used, the rate of metabolic syndrome appears to be higher in
females compared to males (47% and 46% versus 32% and
33%, according to the NCEP and IDF definitions, re-
spectively). Particularly, the two components that were more
accentuated in females compared to males in the NCEP
definition were a low level of high-density lipoprotein
cholesterol (HDL-C) (54% of cases) and a high fasting
plasma glucose (51% of cases) [17]. As for schoolchildren in
Abu Dhabi, around 13% of those aged 12 to 18 years suffer
from metabolic syndrome as defined by the IDF, although
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with a greater prevalence in boys (22%) than girls (4%) [35].
According to that study, the most common components of
the IDF definition that remarkably differed between the two
sexes were a low HDL-C and an elevated waist circumfer-
ence. Finally, among university students, only 7% of the
female Emirati students attending the UAE University were
found to have metabolic syndrome [36], with 38% of the
study’s participants satistying at least one component of the
IDF definition of metabolic syndrome [36].

4.3. Dyslipidemia. One study particularly addressing dysli-
pidemia, defined as a total cholesterol >240 mg/dL, reports
prevalence estimates of 19% in Emirati and non-Emirati
Arabs compared to 11% in non-Arabs [29]. The study also
shows increasing rates with advancing age (23% in those > 51
years old versus 17% in younger participants). A more recent
study addressing dyslipidemia estimates in a convenient
sample of adults from 5 emirates (Dubai, Abu Dhabi, Sharjah,
Fujairah, and Ras Al Khaimah) reports a 69% overall rate of
elevated total cholesterol (=200 mg/dl) or reduced HDL-C
level (<40 mg/dl) [42]. The study was conducted as part of
assessing the cardiometabolic status of those emirates [42].
Two other studies conducted 5 years apart (2004-2005 [43]
and 2009-2010 [20]) report comparable rates of dyslipidemia
among the Emirati citizens of Abu Dhabi (59% and 51%,
respectively), despite using different disease definitions. In-
terestingly, Hajat et al. highlight sex-based differences in the
rates of dyslipidemia (defined as LDL-C > 4.1 mmol/L or
HDL-C < 1.0 mmol/L), reporting a prevalence of 57.7% in
men compared to 33.9% in women [20].

4.4. Impaired Fasting Glucose, Prediabetes, and Diabetes.
The sole study conducted at the national level in the UAE
was between 1999 and 2000, reporting a prevalence of 21%
for diabetes and 7% for impaired fasting glucose (IFG) [18].
A decade later, another study addressing the prevalence of
diabetes in a convenient sample from five emirates reported
an increase in prevalence to 32% [42]. However, Abu Dhabi
remains the only emirate in which diabetes prevalence can
be trended, given the multiple studies on the topic since 1989
[20, 40, 41, 43]. Of these studies, the oldest reports an age-
standardized rate (ASR) of 6% for diabetes within a pur-
posive sample of Bedouin Emirati adults between 1989 and
1990 [40]. The subsequent study, conducted more than
a decade later, reports an increase in the ASR of diabetes to
17%, with a concomitantly high ASR for prediabetes (20%)
[41]. Another study conducted afterward reports an even
higher estimate for diabetes (23%) [43]. Finally, the most
recent of those studies states that more than half of the
Emirati adults of Abu Dhabi suffer from dysglycemia,
reporting increased estimates of both diabetes (24.6%) and
prediabetes (29.5%), with no significant differences across
the corresponding sex-specific rates [20]. Thus, by com-
paring the diabetes estimates reported in those studies in
their respective chronological order, we clearly recognize an
uptrend in the prevalence of diabetes in Abu Dhabi
throughout the years. On the contrary, only one study
addresses the incidence of diabetes in Ajman, reporting an
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TaBLE 4: Cost of illness for diabetes from Al-Maskari et al. [12].

Economic burden
Cost components

Stufiy Sample size Data sources and costing Perspective T“.“e (apnual Major limitations
design h horizon cost/patient) (US$,
approac 2004)
No complications:
US$1,605 ($2,015
adjusted to 2015)
Microvascular
Components: complications:
direct costs (visits US$3,453 ($4,334
Cost data: official ~ to primary health adjusted to 2015)
list of charges/rates  care centers or Macrovascular
150 (recruited from for patients not diabetes clinic, complications: Self-reported
. . . covered by health  laboratory tests, US$10,300 questionnaire,
2 outpatient clinics . L . o
. insurance medications, ($12,929 adjusted  uncertainties not
Cross- at Al Ain, Abu . Health
) . Resources use: hospitalizations 1 year to 2015) thoroughly
sectional Dhabi: 67% men; . . . care payer .
48% nationals: interviewer- due to diabetes Micro- and addressed, and
’ administered complications, and macrovascular  sensitivity analyses
33%: >60 years old) . . -
questionnaire emergency room complications: not conducted
completed by visits due to US$15,104
patients diabetes) ($18,959 adjusted
Approach: marco- to 2015)
costing Cost drivers:

diabetes-related

complications;

treatment with
insulin

overall rate of 4.8 per 1,000 person-years (PY), with its
highest rates being seen in those aged 55 to 59 years (23.4
and 32.4 per 1,000 PY for men and women, respectively)
[13]. That study also shows that the incidence rates of di-
abetes among women remarkably increase after the age of
40, becoming almost double the corresponding rates for men
(6.3 versus 3.3 per 1,000 PY, respectively).

4.5. Prehypertension and Hypertension. One study addressed
the prevalence of hypertension in 5 emirates and reported an
overall estimate of 31% for hypertension prevalence in adults
[42]. Hypertension was defined as having a history of known
and treated hypertension, having a systolic blood pressure
equal to or above 140 mm-Hg, or having diastolic blood
pressure equal to or above 90 mm-Hg [42]. At an emirate-
specific level, only one study addressed the prevalence of
hypertension in the Emirati adults of Sharjah, reporting an
ASR of 37% [39], which is much higher than rates reported
by the two studies addressing hypertension prevalence in
Abu Dhabi’s Emirati adults (21% in the older study [40] and
29% in the more recent one [25]). However, despite the
increase in the overall estimates of hypertension in Abu
Dhabi reported by the two latter studies (from 21% to 29%),
it is difficult to accurately state whether this increase truly
reflects an uptrend in hypertension prevalence, given the
differences in the methodologies adopted by the two studies
and the definitions used for elevated blood pressure. In-
terestingly, however, a higher prevalence of hypertension is
noted in males compared to females in all three afore-
mentioned studies [20, 39, 43]. As for the paediatric

population, only one study addressed the prevalence of
hypertension and reported that more than one-quarter of
the Emirati schoolchildren residing in Abu Dhabi have el-
evated blood pressure (11% prehypertensive and 17% hy-
pertensive, with a predominance of systolic hypertension in
the hypertensive children) [42].

4.6. Cardiometabolic Disorders in the Working Class.
Only two of the included studies addressed the prevalence of
cardiometabolic disorders in adult employees in particular
[45, 46]. The older study reported a prevalence of 74% for
dyslipidemia and 68% for obesity in both national and ex-
patriate male workers [45]. In contrast, the more recent study
compared the rates of cardiometabolic disorders in oil and gas
company male workers of Abu Dhabi prior to employment to
rates seen at postemployment periodic health evaluations
[46]. It demonstrated an increase in hypertension and di-
abetes rates by about 20% and 9%, respectively, with a decline
in obesity rates by almost one-half (from 16.6% to 8.6% from
preemployment to postemployment), all occurring within 3
years of employment [46].

Assessment of the included studies revealed that one-
third of them had a medium overall risk of bias (11/35), and
the remaining ones had a low risk of bias (24/35). The most
commonly encountered defects in the included studies were
failing to recruit truly representative samples of the target
population (n = 21), employing a nonrepresentative sam-
pling frame (n=11), and recruiting nonrandom
(i.e., convenient) samples (n = 9). Table 3 summarizes the
risk of bias assessment for the included studies.
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4.7. Cost of Illness (COI) for Diabetes. Only one of the in-
cluded studies addressed the COI for diabetes, one of the
cardiometabolic disorders of interest to us [12]. This cross-
sectional study, which was conducted in 2004, adopted
a health care-payer perspective that accounted for all the
direct medical costs of diabetes for Emirati and non-Emirati
patients attending the outpatient clinics at the two major
referral hospitals (i.e., Al Ain and Tawam) regardless of age
or sex. Table 4 summarizes the characteristics and results of
the study. In short, using a macro-cost approach, the study
estimates the annual cost of diabetes to be around US$1,605
for patients with complication-free cases ($2,015 adjusted for
the year 2015). In contrast, this value almost doubles for
patients with microvascular complications, increases by
more than sixfold for those with macrovascular complica-
tions, and increases by more than ninefold for those with
concomitant micro- and macrovascular complications [12].
However, the study’s limited reporting of cost estimates, its
failure to identify major uncertainties or perform any
sensitivity analyses, and its insufficient documentation and
justification for its reported estimates render its overall
methodological quality of the suboptimal level (Appendix B
in Supplementary Materials).

5. Discussion

This systematic review provides an overview of the preva-
lence of major cardiometabolic disorders in the UAE,
namely, overweight and obesity, metabolic syndrome,
dyslipidemia, diabetes, and hypertension.

The last study conducted to date at the national level in
the UAE addressing overweight and obesity prevalence in
Emirati and non-Emirati adults reported that the overall
prevalence rates for overweight and obesity are 40% and
33%, respectively, showing that almost three-quarters of the
UAEFE’s adults (73%) have a body mass index (BMI)
>25kg/m® [47]. This somewhat mirrors the combined
overall rates for overweight and obesity seen in the United
States during the same period (64.5%) [42]. However, a more
recent study by Yusufali et al. estimates that 62% of the
UAE’s adults have a BMI >25 kg/ m?, based on data collected
from five emirates in 2012, suggesting a slight drop in obesity
and overweight rates [42]. In fact, the overall estimates of
overweight and obesity reported by the study (42% and 20%,
respectively) [42] are clearly lower than those reported for
earlier years [18]. However, it remains rather imprecise to
deduce any trends in overweight or obesity rates by simply
comparing the two studies due to their major differences
with regard to design, sample recruitment, and specimen
analysis. Nonetheless, the UAE still appears to be doing
better than several of its neighbouring countries with regard
to its overweight and obesity rates, such as Oman or Saudi
Arabia (ASR of 64.7% and 63.6%, respectively) [48, 49].

The World Health Organization’s (WHO) more recent
report on NCD prevalence demonstrates high rates of
overweight and obesity in the UAE’s adults, reporting
similar estimates for the two sexes (75.8% in female and
73.1% in male) [48]. Such national-level estimates in the
UAE mirror the combined rates reported by one of our
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included studies for overweight and obesity in each sex
among the Emirati adults residing in Abu Dhabi (overweight
ASR: 34.4% in men and 33.6% in women, added to obesity
ASR: 41.5% in men and 40.7% in women) [20]. This is
possibly due to Abu Dhabi’s (UAE capital) dense population
and prominent role in the country’s economic and political
status, somewhat rendering it a miniature representative
version of the entire country. The aforementioned study
highlights that while the two sexes in the UAE have almost
equal rates of overweight and obesity, their counterparts in
the United States (US) have an almost 10% difference in
these rates (75% in men versus 66.5% in women) [50]. More
extremely, Oman shows an almost 10-fold higher ASR for
obesity in its women compared to men (44.3% versus 4.7%,
respectively) [51]. This is likely because the rates of over-
weight and obesity across the two sexes remarkably differ by
region, depending primarily on differences in social and
cultural values, as highlighted in the 2011 global survey [52].
As for trending the rates of overweight and obesity in the
UAE, only one study included in our review reports an
observed uptrend of about 35% in the Emirati women re-
siding in the Al Ain city of Abu Dhabi between 2000 and
2004, without reporting any trends for rates in men [34]. In
fact, none of the included studies addresses the trends in
overweight and obesity rates in men, another issue high-
lighted by the global survey as well [52].

As for the metabolic syndrome, only one included study
addressed the national prevalence of metabolic syndrome
among the UAE’s adults between 1999 and 2000, reporting
overall rates of 38% (as per NCEP definition) and 41% (IDF
definition). The study also highlights remarkable differences
in the sex-specific estimates of metabolic syndrome,
reporting higher rates for women (47% and 46% as defined
by the NCEP and IDF, respectively) compared to men (32%
and 33% as defined by the NCEP and IDF, respectively) [17].
In contrast, the overall prevalence of metabolic syndrome in
Oman as defined by the IDF was only 19.8% in 2006, almost
half of that in the UAE [53]. Interestingly, however, the
Omani study highlights even more pronounced differences
in the sex-specific ASRs for metabolic syndrome (18.4% in
men versus 40% in women) [53] compared to those in the
UAE. This clearly demonstrates much lower rates of met-
abolic syndrome in Omani males compared to their UAE
counterparts (18.4% versus 33%), as opposed to the almost
equal rates seen across Omani and UAE females (40% and
46%, respectively) [17]. In contrast, Saudi Arabia’s overall
ASR for metabolic syndrome was reported to be 39.3%
between 1995 and 2000, as defined by NCEP [54], which is
almost similar to the UAE’s 1999-2000 estimate (41%).
Likewise, the sex-specific ASRs for metabolic syndrome
reported for the two sexes in Saudi Arabia also mirror those
of men and women in the UAE using the NCEP definition
(37.2% and 42% in Saudi Arabia’s men and women, re-
spectively, versus 32% and 47% in the UAE’s men and
women, respectively) [54].

Regarding dyslipidemia, there is an uptrend in the
overall dyslipidemia rates in the UAE in recent years. A 2012
study included in our review addressed Emirati adults re-
siding in Abu Dhabi and reported an ASR of 50.7% for
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dyslipidemia [20]. Another study conducted 3 years later
reported a higher overall estimate of 68.5% for dyslipidemia
prevalence among the adults in five of the UAE’s emirates
[42]. However, while the former study highlights remarkable
differences in the sex-specific rates of dyslipidemia,
reporting crude rates of 57.7% in men versus 33.9% in
women [20], the more recent study does not break its overall
estimate into sex-specific rates, making us unable to trend the
sex-specific rates of dyslipidemia in recent years. In contrast,
despite its higher rates of overweight and obesity, Saudi
Arabia paradoxically has a lower overall rate of dyslipidemia
(44%) compared to the UAE (68.5%), as reported by a na-
tional Saudi study published in the same year [55]. As for the
sex-specific rates of the individual components of dyslipi-
demia in Saudi Arabia, the latter study reported similar rates
of hypercholesterolemia and elevated low-density lipoprotein
cholesterol (LDL-C) levels in both sexes (18.7% and 30.7% in
men and 19.9% and 29.8% in women, respectively), with
significantly higher rates of low HDL-C levels in men
compared to women (33.7% versus 17.7%, respectively; p
value = 0.001) [55]. A national study conducted in Kuwait,
another neighbouring country to the UAE, addressed the
temporal trends in hypercholesterolemia rates defined
according to the NCEP criteria from 1998 through 2009 [49].
The study clearly reported a progressive increase in the sex-
specific rates of hypercholesterolemia, reaching 56% and
53.6% in men and women, respectively, in 2007, followed by
a significant drop thereafter to 33.7% and 30.6%, respectively,
in 2009 [49]. However, given that the prevalence rates of
hypercholesterolemia, high LDL-C levels, or low HDL-C
levels were collectively reported as “dyslipidemia” in the
studies conducted in the UAE, we were unable to compare the
specific rates of each of those lipid entities in the UAE to their
corresponding estimates in nearby countries.

Only one included study addressed the prevalence of
diabetes at the national level in the adult population of the
UAE, reporting an overall ASR of 21% for diabetes and 7%
for impaired fasting glucose between 1999 and 2000 [18].
These values are clearly higher than those reported in the US
during the same time interval (1999-2000; 8.6% and 6.2%,
respectively) [56], highlighting remarkably higher rates of
diabetes in the UAE compared to the US (21% versus 8.6%,
respectively), despite similar rates of impaired fasting glu-
cose (7% versus 6.2%, respectively). However, both studies
report similar ASR of diabetes in men and women, although
the overall rates reported in the UAE (20.4% and 22.3%,
respectively) are higher than those seen in the US (9.3% and
8.1%, respectively) [56]. In contrast, impaired fasting glucose
rates are remarkably higher in women compared to men in
the UAE (7.2% versus 4.5%, respectively) [18], which is the
complete opposite of what is seen in the US where the ASR
for impaired fasting glucose in men is almost double that in
women (8.3% versus 4.5%, respectively) [56].

Furthermore, a more recent study included in our review
reports ASR of 29.5% and 24.6% for prediabetes and diabetes,
respectively. Taken together, these rates suggest that more
than half of the Emirati adults of Abu Dhabi suffer from
impaired glycemic control [20]. However, no differences were
noted across the sex-specific rates reported by that study.
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These findings should alarm public health policy-makers in
the UAE and should highlight the need for prompt in-
tervention to curb the high rates of impaired glycemic control
in the UAE in order to prevent further progression into
diabetes [57]. Additionally, it is important to draw attention
to the 2011 IDF statistics which rank Kuwait first in the world
with regard to its high national prevalence of type 2 diabetes
(21.2%), followed by Qatar (20.1%), Saudi Arabia (20.0%), and
Bahrain (19.8%), all of which happen to fall in the immediate
vicinity of the UAE [58]. This clearly shows a regional pooling
of diabetes along the western banks of the Arabian Gulf,
possibly due to underlying common genetic and/or ethnic
backgrounds of the citizens in those countries, added to the
possible roles of their similar environmental, social, and di-
etary factors as well.

Hypertension also falls among the UAE’s predominant
cardiometabolic disorders, with all relevant studies conducted
to date reporting emirate-specific estimates rather than na-
tional ones [20, 39, 42]. Thus, we refer to the WHO 2014
global status report on NCDs that found an overall ASR of
26.3% for elevated blood pressure in the UAE and almost
similar rates across the two sexes (27.5% in men and 23.3% in
women) [48]. In contrast, Dubai Health Authority (DHA)
and Dubai Statistics Center (DSC) collaboratively gathered
data on the prevalence of various cardiovascular risk factors
including hypertension between 2014 and 2016 and reported
an overall estimate of 18.9% for hypertension prevalence
among the Emirati citizens of Dubai [59]. The study also
reports similar rates across the two sexes (20% in men and
18% in women). Another emirate-specific study run by the
Health Authority of Abu Dhabi (HAAD) 3 years earlier than
the latter study reports an overall prevalence of 17% for
hypertension among Abu Dhabi’s Emirati citizens compared
to double that prevalence (35%) in its non-Emirati citizens
[60]. However, contrary to the similar sex-specific rates of
hypertension reported in the Dubai study [59], HAAD
highlighted a significant difference in the rates of hyperten-
sion across the two sexes in Abu Dhabi, reporting a twofold
higher rate in Emirati men (24%) compared to women (12%)
[60]. Saudi Arabia shares similar estimates with its UAE
neighbour, reporting an almost identical overall prevalence
rate of hypertension among its adults (25.5%) in 2011 [61]. In
contrast, Oman, another country bordering the UAE, reports
almost double that rate for adult hypertension, giving
a strikingly high estimate of 41.5% in 2015 [62]. However,
Yemen, a country bordering each of Saudi Arabia, Oman, and
the UAE, reported a remarkably much lower overall ASR of
hypertension than any of its neighbours in 2013 (7.7%) [63].
Such findings pose a question on the factors that play a major
role in the development of hypertension, given that its rates in
geographically proximal, culturally similar, and ethnically
related countries are remarkably different as shown pre-
viously. This also contradicts with the apparent pooling of
diabetes in that same geographical area, as highlighted earlier.

Our review had some limitations worthy of being
addressed. For instance, costs associated with car-
diometabolic disorders in the UAE were not properly re-
ported due to the lack of relevant studies. Moreover, the
overall quality of some national studies limited our ability to
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provide conclusive evidence about the trend of car-
diometabolic disorders.

6. Conclusions

However, our systematic review’s major strength is its highly
sensitive search strategy that possibly covered all relevant
and intended literatures adequately. Moreover, our adher-
ence to standardized and validated methods in conducting
the review [10], our transparency in disseminating our
search strategy (Appendix A in Supplementary Materials),
and our use of standardized and previously tested data
extraction and risk of bias assessment tools further support
the review, increasing confidence in its reported findings.
We are also the first team of researchers to conduct a sys-
tematic review of the epidemiology of obesity and car-
diometabolic disorders in the UAE, setting grounds for
subsequent researchers to build on. Thus, the ultimate aim of
this review was to simply provide insights into the current
prevalence rates and associated costs of cardiometabolic
disorders in the UAE, making local decision-makers better
informed and therefore capable of altering and tailoring
future health policies accordingly.
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