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1 | INTRODUCTION

Excessive consumption of sugar-sweetened beverages (SSBs) is
associated with an increased risk of weight gain, obesity, type 2 dia-

betes, cardiovascular disease, and tooth decay.l'5 Consumption of

| James W. Krieger®* | Diana K. N. Louden®

Summary

Objective: To examine whether the promotion of water intake could reduce sugar-
sweetened beverage (SSB) consumption or purchases independent of interventions
that target SSBs.

Methods: Seven databases were systematically searched. Included studies used
water promotion as the primary intervention; used a controlled trial, single group
pre-post, or prospective cohort study design; included a measure of SSB
consumption or purchase; enrolled human participants of any age who lived in high-
income or middle-income countries; contained original data; and appeared in a peer-
reviewed English-language article published from 1 January 2000 to January 4, 2019.
The search yielded 7068 publications, from which 108 were chosen for full-text
review. Seventeen were included in this review.

Results: Nine of the 17 studies were randomized controlled trials, six were non-
randomized controlled trials, and 2 were single-group pre-post studies. Participants
were primarily children and adolescents. Interventions included water provision,
education or promotion activities. Ten of 17 studies were at low or some/moderate
risk of bias. Seven studies showed a statistically significant decrease in SSB
consumption of which only 2 were at low or some/moderate risk of bias.
Conclusions: This review found limited evidence that interventions aimed solely at
increasing water consumption reduce SSB intake. Further research is needed to
investigate whether interventions that combine water promotion and SSB reduction
strategies could be synergistic for reducing SSB intake.
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reduction

SSBs in the United States, while decreasing since its peak in 2000,
remains at historically high and unhealthy levels.® Two-thirds of chil-
dren and half of adults consume at least one SSB daily.”® Consump-
tion is higher among low-income groups and minority groups in the
United States.”
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Interventions to address this important public health issue include
implementing SSB taxes; limiting availability in schools, cafeterias, res-
taurants, and public places; adding warning and nutrition labels; con-
ducting mass education campaigns; and providing individual education
and counseling.’© Interest in promoting water consumption as an
additional approach to SSB reduction has recently emerged, anticipat-
ing that increased water intake will lead to lower intake of SSBs
through a substitution effect.!?

Two reviews of clinical trials and observational studies suggested
that substituting water for SSBs is associated with lower energy
intake and weight loss.?% Zheng et al concluded that substitution of
water or low-calorie beverages for SSBs was associated with less
long-term energy intake and weight gain.?? Daniels et al found that
the most compelling evidence for water substitution was from studies
in which adults consumed either water or SSBs before a meal. Water
consumption was significantly associated with lower total energy
intake.*® These reviews did not compare strategies to increase water
consumption nor the effects of higher water intake on SSB consump-
tion. Two reviews identified interventions that were effective in either
increasing water or decreasing SSB intake. 1#° Interventions directed
at water, such as providing nutritional counseling and education or
improving access to water, had modest effects on increasing water
intake among children age O to 5 years (+ 67 mL/d, and + 0.5-3.5
oz/d). Interventions directed at SSBs, such as behavior change model-
ing, decreased SSB consumption (=76 mL/d in children).?*> These
reviews did not address the question of whether promoting water
consumption, independent of interventions focused on SSBs, reduces
SSB consumption.

This systematic review examined whether promoting water con-
sumption reduces purchase and/or consumption of SSBs. If water
promotion is an effective SSB reduction strategy, it would be a wel-
come addition to the SSB reduction toolkit. If not, then resources

should be directed toward implementing more effective interventions.

2 | METHODS
The review protocol, developed prior to starting this systematic

review, is available on the Healthy Food America website.1®

2.1 | Eligibility criteria

Studies were included if they (a) used a randomized controlled trial
(RCT), nonrandomized controlled trial (NRCT), single group pre-post,
or prospective cohort study design; (b) implemented water promotion
as the primary intervention); (c) included a measure of SSB consump-
tion or purchase; (d) took place in high-income or middle-income
countries as defined by Organization for Economic Co-operation and
Development, (e) enrolled human participants of any age; (f) contained
original data (when the same data were found in multiple publications,
the article with the largest sample size was selected); and (g) appeared

in a peer-reviewed English-language journal article published since

January 1, 2000 to January 4, 2019.Y7 Studies that had at least one
intervention component (eg, education sessions, signage) that discour-
aged participants from drinking SSBs were excluded (in cases where
the extent of SSB intervention was unclear, an attempt was made to

contact authors).

2.2 | Search strategy and databases

A medical librarian searched seven electronic databases in accordance
with the National Academy of Medicine systematic reviews standards:
PubMed, Embase, Psycinfo, CINAHL Complete, Cochrane Central
Register of Controlled Trials, CAB Direct, and Web of Science.'® The
search strategy (Appendix S1) was peer-reviewed by a medical librar-
ian and a subject-matter expert and incorporated controlled vocabu-
lary terms and keywords appropriate to each database to represent
the concepts of drinking water; sweetened beverages; and clinical,
controlled, or longitudinal studies.

2.3 | Study selection

Covidence was used to manage the title, abstract, and full-text screen-
ing of the articles.r” Two investigators (S.D. and J.K.) independently
reviewed titles and abstracts of articles to select those for full-text
review based on described eligibility criteria and then independently
reviewed selected articles to determine which to include in the
review. After each phase, the reviewers resolved conflicts by

consensus.

2.4 | Data extraction

Each of the two reviewers used a customized, pilot-tested Microsoft
Excel spreadsheet to extract half of the studies and subsequently vali-
dated extractions performed by the other reviewer. Conflicts were

resolved through consensus.

2.5 | Primary outcomes and additional information
extracted

The primary outcome was SSB consumption or purchases. The pre-
ferred measures were the difference in differences between interven-
tion and control group mean daily volume of SSBs consumed or
purchased (controlled difference), single group pre-post difference
(uncontrolled difference), or odds ratio. If none of these was reported,
the measure reported by the included study was used.

Additional variables were extracted consistent with systematic
review guideline recommendations including (a) Study: author; pub-
lication year; country; project name; sponsorship; setting; interven-
tion dates; and authors’ statement of objectives, conclusions,

limitations, and suggestions for future research; (b) Population:
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inclusion/exclusion criteria, participant demographic information,
participation rate, completion rate; (c) Interventions: components,
duration (the maximum length of time a participant could be
exposed to the intervention); (d) Comparator: interventions
received by the comparison group; (e) Timing of data collection; (f)
Design: study design, consumption or purchase measures (SSB and
water), follow-up duration; (g) Analysis: analytic model and adjust-
ments for confounding, approach to missing data, statistical
power.zo’22

Measures of purchases or consumption were converted into
mL/day when possible. When 95% confidence intervals (Cls) were not
presented, they were computed if available data permitted. When
population characteristics were presented for intervention arms but
not the total study population, they were computed using the propor-
tions and numbers in each arm. Nine authors were contacted for fur-
ther information, and responses were received from two Additional
information was obtained as needed from companion publications or

online study descriptions.

2.6 | Appraisal of study quality

The Cochrane Collaborative Risk of Bias 2.0 and Risk Of Bias In Non-
randomized Studies-l tools were used to assess risk of bias (low,
some/moderate, high/serious, or critical) for randomized and non-
randomized studies, respectively.?®?4 Studies that lacked a compari-
son group were assigned a high/serious risk of bias rating. The two
reviewers independently assessed the risk of bias of each study and

resolved differences through consensus.

2.7 | Synthesizing the results

Studies were divided into those that did and did not significantly (P <
.05, adjusted for multiple comparisons) affect SSB consumption. Study
characteristics were qualitatively assessed to determine whether they
were more or less common among statistically significant studies rela-
tive to insignificant ones (eg, whether a specific intervention setting
was more common among significant studies). In addition, this review
summarizes the characteristics of higher quality studies, defined as

those with low or some/moderate risk of bias.

3 | RESULTS
The initial literature search retrieved 7068 publications. After removal
of duplicate publications, 3652 remained for title and abstract screen-
ing (Figure 1). One hundred and eight were selected for full-text
review, and 17 articles were included in this review.2>*!Figure 1
describes reasons for exclusion. Of note, 22 studies were excluded
because they included a SSB reduction intervention.

Study design, participant characteristics, intervention types, set-

tings, definition of SSB, and outcome measures (most often volume

2 2 : 231
Obesity Science and Practice WILEY.

consumed per day or week, but also calories per day, drinking more
than a few sips, number of glasses, participants observed consuming,
and volume sold per day or week) varied substantially across studies.
Due to this heterogeneity, studies were synthesized qualitatively
rather than with a meta-analysis.

Table 1 describes the included studies. Nine of the studies were
RCTs.2°33 Of these, four were cluster RCTs.283 Six were
NRCTs.2>%? Of these, two used a cluster design.35'36 Two were
single-group pre-post studies.***! Eight studies were conducted in
Europe, six in the United States, two in Australia, and one in the
Caribbean. Intervention settings included schools (9), homes (3),
supermarkets (2), other child-focused settings such as preschools (2),
and community-wide (2). Intervention duration varied from 3 weeks
to 3.5 years, with a median of 3 months. Studies were published
between 2005 and 2018, of which 11 appeared within the past
5 years. Five studies noted industry funding.2”-3-37:40

Participants were primarily children ages 2 to 18 years (14 studies)
while three studies enrolled adults.?>?” Nine studies reported at least
one marker of socioeconomic status (SES) and people of low SES com-
prised at least one-third of participants in five of these nine studies.
Nine studies described the race or nativity of participants and eight of
these had 40% or more nonmajority participants.

The most common interventions were water provision, education,
and promotion activities (Table 1), and most studies used two or more
types of interventions (11 out of 17). 2736383941 Thjrteen studies
provided water through installation of water dispensers or delivery of
bottled water, and some also included ancillary items (eg, cups or
water bottles).?”2?%0 Thirteen studies offered educational and pro-
motional activities at individual, institutional, or community levels
such as electronic or printed materials and newsletters, online forums
and education sessions, dietitian coaching, prizes and incentives, class-
room activities, or posters.2>27:29-3841 Eleven studies included both
provision and education or promotion.?”??-38 Two supermarket-based
studies discounted the price of bottled water (by 20%-50%), one
study used peer influence, and two studies were multilevel, mul-
ticomponent community obesity prevention initiatives.

Among all 17 studies, seven showed a statistically significant
decrease in SSB consumption/purchase (Table 1).27-29:81,364041 Three
of these studies described a statistically significant SSB decrease rela-
tive to a comparison group.?82%3! The other four studies reported
only within-group significant changes.?”-3¢%%4! The magnitude of SSB
reduction in the seven statistically significant studies included 47.7
mL/day to 190 mL/day, 2.59 g/kg/day, 0.12 “glass” per day, or a 2.5%
to 3.3% reduction in proportion of children observed with SSBs in
school or camp.

Out of 17 studies, two had low risk of bias. 23?7 Another eight
were at some/moderate risk.242%28-313336 A final group of seven had
high/serious risk of bias (Table 2). 263234353739 Of the 10 studies
with low or moderate/some risk of bias, two showed both statistically
significant decreases in SSB consumption/purchases and increases in
water.2”2? One reported a decline only in SSBs.3! Three others
showed an increase only in water.3%>%8 The three studies that

reported a decrease in SSBs were heterogeneous in the interventions
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FIGURE 1 Study selection flow diagram

they employed. One provided free bottled water as a replacement for
SSBs.2> Another used posters and signs to promote water consump-
tion and provided cup dispensers next to school cafeteria water foun-
tains.2” The third launched a school-based water promotion
campaign.2’ While these 10 studies were not at high/serious risk of
bias overall, some forms of bias were present. Sources of bias in the
randomized studies included lack of blinding of the participants and
outcome assessors as well as incomplete outcome data collection
(Figure 2). Sources of bias in the nonrandomized studies included con-
founding, missing data, and deviations from intended intervention
(Figure 3). In addition, they shared other limitations, especially the
measurement of SSB consumption.

On a qualitative basis, certain study characteristics appeared
associated with reduced SSB purchases or intake. Studies that

included water provision, education or promotion, or some
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combination reported decreased SSB intake more often than water
price discounting and community intervention studies, which had no
effects (Table 1). Also, the intervention site appeared to be related to
the impact on SSB intake (Table 1). All three home-based studies
decreased SSB intake.27364°

We did not observe a pattern with respect to age (child vs adult),
SES (too few studies reported), race/nativity (too few studies
reported), duration of intervention (0 months-1.9 months vs
2 months-5.9 months vs 6+ months), source of SSB data (question-
naire vs diary; 24-hour recall vs purchases vs direct observation), and
study sponsorship.

Six of the 17 studies increased water intake significantly.
272930353638 Among these, three observed significant decreases in
SSB consumption.2”2%3¢ Two of these studies provided bottled water

at home and reported relatively large increases in daily water



)
i~
k3]
@©
b
a
gel
=
@
@
9]
=
LD
(9]
n
>
£
v
@
Q
(@]

DIBAY MOGHADAM ET AL.

(senunuo))

([219e3 youn
38 §SS YHm syuapnis
%) 41Q) uoleAIasqo

S9}elIeA0D
awes ayy 4oy paisnipy

61C =d
(LLL°8LT-)00E
¢10'=d

(T¥0T ‘8'¥2) SYTIT
8¥0" =d

(covt ‘Lo veL
:uondwnsuo)

1LT =d(S6vPT
‘9'989-) ¥'188 :u10q
1.8 =d (€TSS
‘¥'90C-) 0°€LT doneyaq
¥80" =d (5¥Z8

‘1°75-) 798¢ @oud
:9seyoind

(P1eam/w] aia)
uondwnsuo) ‘eseyoind

S9)elIBAOD :pajshipe §|

anjen d ‘(12) ‘anfeA

(YO 10 ‘@duasayip
a.ud/3sod

dnoJ8 uiypum Jo
‘dnoJ8 |043u0d SA
uoljuaAIRIUL

alq) ainses|n

awodnQ a8esanag
paua}aams-sesng

/uondwnsuod

J191em papiroid
-elia394ed] aiq)
uondwnsuod parIasqO
awioy e SulAl| uaJp|iyd
JO Jaquinu ‘awodul
ployasnoy ‘snjels
|e3ew ‘yiq Jo Asaunod
‘a8e ‘eaJe Juswydled
juedpiped Joy paisnipy

L0 =d

(S8€L ¥'62—) 9'¥SE
65 =d

(1'9S¥ ‘5'65C-) £'86
8 =d

(0°£9€ ‘0'662-) OvE
:uondwnsuo)

1€8 =d ‘(r'81¢€
6'952-) TTE YI0q
G68 =d (091€
‘0'9£2-) 0°0C olneyaq
04T =d (Svéy
‘€'£8-) 9°€0¢ @oud
:aseydind

(Proam/w] aia)
uondwnsuo) ‘eseydind

S9)e1IeA0D :pajsnipe J|

anje d (12) ‘anfeA

(4O 10 ‘@duasallp
a.ud/3sod

dnoJ8 uiyum Jo

‘dnoJ3 |osu0d
SA UOIJUSAIRIUL
,dlq) ainsesiy

3wWo2INQ 493ep\

G Jo a8uel) ‘shep #'GT
jusuodwod dnd €z
01 91 a8uel) shep 2'0¢
:uauodwod a8eusis
3U3 JO uoijelnp ues UN

(%0'26) ¥LS

AN 144%

(pa19|dwod

%) paiajdwo)

auljeseq

uopejuswajdw (le3ol)
40 JuUaIX3 9z 9|dwes

SUYM dlUedsiH -UON %t
oJuedsiH %0t
oe|g dluedsiH-UON %EZ

AN

Slews} %001

pasopsipun %z ¢

000 YOTV$ < %L'9C

666 €0T-000 ZSV$ %T'ST
666 15-0V$ %¥C

DWodUl pjoyssnoy |enuuy
eale §35-MO| Ul 3| %t b

uloq Uellensny %' T/

(L€t uea) A 09-8T

so1IsLa3oeIRYD
d|qejou BYI0

9leWdy % 1I9pUID

S3s

$9110331eD :AJIAIJRU /20RY
(ueaw) ‘98uel :a8y

uonejndod

snowAuoue
‘uonuans.d
pue |0J3u0) Mo
aseasiq
10} SIJU3D) 1D¥ J4a3snD
Mo
joJ3u0)

Joineyaq + aoud :¢ dnoud
UOoIUaAIRIU|

a3ueyd

Jolneyaq ;g dnou3
UoIUaAIRIU|

uol3onpas aud 7 dnoud

[1PUNOD uoluaAIRIU|
yoJeasay sy
|EJIP3IN pue

y}|eaH |euoieN [ELOYOE) We-IN0Y ‘] DY

SuIeIUNOJ J91EM
eLI9)2)ed |ooYds
0} }Xau pajjejsul
sJasuadsip dnD

syjuow g

(uBisap [eli010e))
SsuLie oM} Ul
JUE}NSUOD UBHIBIP
aul|uo ‘WnJoy
QUI|UO ‘S19133|SMAN

unoasip %0¢
1J93em pa|130q
19xewsadng

93835 pauN

2GT0C Asuuay

eljesysny

sz510¢ lied

uSisap Apnjs [eL} pa||0J3uod paziwopuey

qSelq JO Sy
SSWIY
adA]

Josuods seig jo

sty pue ugisaq Apnis

SO13SIIa}DBIBYD PUB MBIAISAO APNiS

s|ie3op [euonippy
uoieing

poyew
uonowo.d Ja3epp
J133eM 4O 324n0S

UOIJUSAIDIU| 123EAN

Auno)
PLEEYN
Joypny

Apms

T 37avl



DIBAY MOGHADAM T AL.

234 WILEY. Obesity Science and Practice

(senunuo))
(TT90TT
]043uod
0} uoijuaAI=sul >E<
%01 =ald-8L =d
€C's0)
‘T°T :]043u0d 0] 43|00D)
%90=0Qld‘TL =d
w90 Tt
:[043u0d 03 Jasuadsig

([youn| e sdis may
€ Ueyj aJow Jo axejul
3uiuodad syuspnis %]

aid “Yo) uondwinsuo)

(N
|D pue sueaw :2}0N))

(82 =d ‘€T =(9£'7)d)
uoijesaUl
swi-Aq-dnou3d

1094J9 JuediIuSIS ON

([so3e12A9q dLI0[€D
[[e wouy Aep/jeax]
aiq) uondwnsuo)

100" >d

(01— L'S)'%ee—
awo23nQ 98el1anag
pauajeams-tesng

SYTT)

‘6'Z = 4O :|013u0d

0} UORUSAISIUI AUy
%L0T =aAld LT =d
(L€'80) ‘LT

= YO :|03U0d 0} U3]00D)
%6'8T=Ald ‘¥00" = d
(£9%'T)'TE =40
:|043u0 03 Jasuadsiq

([youn| 1e sdis may

e ueyj} aJow Jo axejul
3uiuodad syuapnis %]
aid “Yo) uondwnsuo)

(IN
1D pue sueaw :2}0N)

sa3eJanaq dlojeduou
pajunodsip 4o (L6 =d
‘P€0°0 = (9£2)d)
uondwnsuod Jou
(Tr=dce

= (06'2)4) seseyaund
J3Y3}I3 404 uoijdesajul
swi-Ag-dnos3
Juesyusis oN

([Aep/swes3] aiq)
uondwnsuo)
‘(P1eamy/suejjop]
aiq) seseydind

100" > d

T V) ‘%r6
([s3uapnis %]
‘aiq) pouad younj
wc_‘_s_u J9)eM 231}
)€} OYM sjuapnis

100" >d

(06'0°£Z°0) 70850
([s?ouno

‘poriad youn|/3uspnis

3WO2INQ 493eM

AN

dN

*Ajpuaisisuod sdnd
a3 8ud03s Yim
swia|qo.d pajiodas
S|OOY2S OM ]
“Juawade|dal
pasinbal sia3sod
‘S|ooYyds Z IV (¢z 0¥
uonejuswajdwy

40 Juaxy

SleWd] %ES

AN

Y10 %81

Japueys|

dljided/uelsy %91
UedLIBWY UBdLYY %02
dluedsiH/oune %95

(%0°86) 565

(s3uapnys
509) slooyas

||ppiw ZT (9T ues) -9 sepelo

Slewa4 9%60L

AN

AN %C

PYO %C

ojuedsiH %ET

Uelsy %6

UBdLIBWY UBdLYY %6T

(%1'58) LS SUYM %95

L9 (5'£€ ues) A 69-Tg

Slewad %S

JUSWI|0IUS [00YDS
aWodUl MO %09

[e1eIBINN %2

UBISY %6
(lexol) uonejndog
9z1g a|dwes

yyesH

30 seInsy|
|euoneN
‘weudold
yoJeasay
sune3 AyjjesH
uolepuno
uosuyor
POOA H3q0Y

Adljod

pue yoieasay
Jlwouod]
pue |e1>os
J0J 91nnsu|
Ajisianiun
elquinjop
‘uonzepuno4
uosuyor
POOM H3q0Y

usapiss 'y
UINPIN

Jo Adowsw
ul uorjeuop

Josuods

awos

1013Uu0D

sdnd + Jasuadsip
191em .z dnoud
uoUIAIRIU|
sdnd + 49]00d
J91em T dnoud
uoljuUSAIRIU|
SUY

12¥ 433snD

awos

124

seig Jo
siy pue usisaq Apnis

Syoam 9

sjuapnys Joy sazud

£19139|SMau Jualed

‘sjuawadUNoUUe

olpne

apim|ooyds ‘a8eudis

sdnd yum selsajayed $91e3S paiuN
|OOY2S Ul 493|002 JO

Jasuadsip Ja3e 0e910C [93ed

syoam g

dnou3

10J3U0d 03 SWal
pooj Auyyjeay 4o 3si7
dnoug

Junodsip 03 synpoud

PaIUNOsIP JO 3517

WNodsIp %05
Joxsewssdns

91815 paun

ulsalem paIog o ETOZ 9199190

SoaM g

si193sod

pue uoijeanp3
UoIjUaAIR}U| J3JeAA Apmis

(penupuod) T 3714VL



ﬂ (
pO
i
-
2

)
N
k3]
@©
b
a
gel
=
@
@
9]
=
LD
(9]
n
>
£
v
@
Q
(@]

DIBAY MOGHADAM ET AL.

ssnunuo))

(auedyiusis

-uou)To" < d ‘(AN 12)
Aep/qw ¢H— :epos
100" >d ‘(N 1D) ‘G'€C—
:92In[ padexedaid

([Aep/qw]
‘alq) uondwnsuo)

S9)eLIeAD
awes 10} pasnlpy

v¥ =d ‘AN D)

“dN ueaw :(a3esanaq
131p SA Ja3em) asueyd
dno.g sso.oe pajsnipeun

100 > d ‘(4N D) ‘09LE
:dnou8 a8eianaq 101p
100" > d ‘(N 1D)
‘e'gze :dnoJs uajem
:s93ueyd dnou3 ulyupn

([Aep/qw] Qi@ pue
sa8ueyd dnoud

uiym) uoidwnsuo)

S9}eleA0d swes
3y} 10} passnipe YO

%80=dld 0L =d
awodnQ a8esanag
paua}eams-1esng

10 <d ‘(N D) ‘TT

([Aep/1w] ‘@iq)
uondwnsuo)

S3INS34 Jejjwis pap|sIA
SaWO023N0 awes

3y} 104 s|opow 103449
-paxiw pajsnipe xas
pue ‘e3e ‘A31su3

100" >d

‘(4N 1D) "UN uesw
:93ueyd (98esan9q
131p SA 193em) dnoud
$s0.oe pajsnipeun

N (AN 1D) T6L~
:dnou8 a8eJanaq 3a1p
100" > d ‘(N 1D)
‘G'£88 :dnoJ3 Jajem
:s93ueyd dnou3 ulyipA

([Aep/w] aia
pue saSueyd dno.3

uIyHM) uondwnsuod

snjejs ulog-sn pue
‘woy je uayods
93en3ue| ‘AJdIuyIa
/9281 ‘X3s ‘o8e
:s21)s14910BIBYD
21ydes3owapoId0s
104 YO passnipy

%611 =aAld :20 =d

3wo2INQ 491ep\

(8T 40 Wnwixew) 66
sem S1aAISa.1ed
/sjuaJed Joj 9400s
uonejuswa|dwl
ues|\ ‘(€ 40
wnwixew) £°'9T sem
suajediapuny

10} 9402S
uonejuswa|dwi
ues|p|

'SUOISSas A|yjuowl
t'G dnoug
93eJaA9( 191p pue
SuoISSas A|yjuowl
'S papuspe
dnous Ja1epn

uonejuawajdwy
40 Juax3

Sewd) %G8

SIeaA T > UoipeINpa
SIBLIOW %S°gE

:uoljeonpy
dN
4N
(0059
:198.1.3) ¥N (L7 uesn) AGG-G'¢
SlewsS %8
snid
91enpeJs 239)|0D %56
989]|02 swoS % T
$$9] 40 |00Y2s YSIH %/
:uonyednpy %
PYIO %S
uedLIWY UL %/S
(%9°€L) ¥€T SHYM %0Y
81e (€2 UeaW) A 59-81
(lexol) uone|ndod
azI§ a|dwes

sjuaJed Joj sjelalew
|euoizeanps ‘sse|d ul
sJolAeyaq 3uidnoeld
‘s19]00y2said 40y
S9I11IAI10E [euoliednp3

a.ed Aep ‘sjooydsaid $9143UN0d
swos ‘suagiegispurny ueadoun3 9
UoISSIWIWOD je suoiels
ueado.n3 12Y 433sn[D SupjuLIp J91eA 26910¢C IMuld
syjuow 9
sadelanaq 1a1p
J0 (dnoug ia3em)
J91eM JaY}Ia
yum sadesanaq
awos pauajaams
JlI0[ED JO (|edy
|043u0) 002<) p/s3uinias
yleaH 98eJanaq 3a1p iz dnoud 2z aanisgns
JO saIN3ISu| Uo[UaAIRIU| :SUOISSaS UOIeINPd
|euoneN 191em T dnoud dnoJ3 Alyjuo
‘uoljepuno4 Uo[UaAISIU|
uosuyor POOAA swy sSunyeaw Ajyuow $93e1S pajuN
1390y VSN Je papiroud
SI93EM d3SSN 124 191eM pajog ,z€10C seuisld
Josuods seig Jo UOIJUSAISIU| JoJB M Apmis
Jsiy pue udisag Apmis
(penupuod) T 3N4avl



DIBAY MOGHADAM T AL.

236 WILEY. Obesity Science and Practice

(sanuiuo))

§§' =d
(¢€'7-09°0) 68°0 4O

([Aep uani3

uo uondwnsuod

Aue ynm %] 40)
uo3dwnsSuod JuLp Jos

S93elIeA0d
awes 1oy pajsnipy

(¢L0°'9€0) 150
([40] |00yds 03 gSS
1ySnouq 9%) uoieAIasqO

(¥zz'8L0)zet

:Aep AJaA3 gSS % MO
(£¥'0°9€°0-) SO0

:(ou) Aep/s8uintes 9SS
(061 ‘00T —) Aep/qw OF
:podal pjiyd

(V€T L¥'0) 6£0

:Aep AJaAs gSS % HO
(92°0- 28°0-) ¥S°0—

:(ou) Aep/s3uinIes gSS
(00T— ‘08Z—) Aep/qwi
06T— :odau Juaied

(40O 4o [Aep Jad
s3uinas pue Aep/qwi]

aiq) uondwnsuo)

S3]elIeA0d
awes ay3 Joj pajsnipy

3wodINQ d3esansg
paua}eams-sesng

(8LT-SOT) TLT
([4op40 usqued
/xoquaunj ui Jajem]
YO) UoleAdsqo

€=d

(€2-8L°0) T¥'T WO
([Aep

/491eM sasse|8 g <]
¥O) uondwnsuo)

19A13548D 3y}

JO [9A9)] |euoljeINpa
pue ‘pjiyd ay3

J0 snjels Jysiom pue
punousyoeq d1uyla
‘1opuas ‘opeJs ‘jed
-|ooyds pue axejul
suljaseq o) paisnipy

(pa3i0dau anjeA 4 ou)
AN (00 ‘0t"0-)

‘0T Hodad pjiyd
(pai0dau anjeA 4 ou)
AN (080 ‘'0¥'0-)
‘o€ Hodau jualed

([Aep/1w] @lQ)
uondwnsuo)

A1unood pue ‘35
‘x9s ‘93e 40j paisnipy

3Wo2INQ 4938\

‘Ad1jod

Ua93ued UM pey
ZT/€ (paruswa|duwl
Ajjusjsisuod o

(Ajjeuon2as-ssoud
pa329)|00
ejep :3]0N)

(%9°88) u4p|iyd

Ajopim se pajel asay} 908C/(%LT6)
J0 G) Ad1j0d 3unes s|ooyds gz

Ayljesy pey sjooyds
UoUIAIRUI ZT/6 uapjiyd
papodal siedpulld  £9TE/S|00YdS 7
(%€°82)

usJp|iys 6007
10} pawuoyiad
9( p|noo sisAjeue
ased a39|dwod
QU0 3589 1Y

(e3ep pajodal
PIIYd) £8€
(eyep payodau
juaied) 9Ge

(syuspnis
G/TT) slooyds
AN Aewnd

uopejuswa|dw
JO Juaix3

(le30.)
9z 9|dwes

AN

|eusared %G°€T
leutsjew %911

0T opes8 s

uoljeonpa jualed 535

AN

AZT-§

SleWdd %/'99

Y3IH %925

MOT %0'SH
C\SOCV_ED %S°C
:uoljeonps jualed

SUIsSIN %02
(ueddoUolN /ysing)
yonQg-uoN %8
YaIna %L ve

(4N ues) ‘A g1-9 a3uey

uonendod

JUSWUISA0D)
3}€1S UBLIOIIA

jJuswdojanag
pue yoieasay
YiesH 1o}
uoneziuedio
spuepaysN
-MNUOZ

Josuods

awog

12y 493snD

awog

123 4938nD

seig 4o
sty pue ugisag Apmis

SleaA g'g

saljod
|00Yds ‘s9330q Jajem
‘uoizeanps jualed

s|ooyds ul younj je eljessny
J91em apinold ‘sdey
J9)em papesddn £ TOT SI19¥eM
syjuow 1
S910q ‘saiiAlRoe
‘s193s0d ‘sjuang
spuelayoN
uoleanpa [edisAyd
Suunp yealiq Jajem 167702
‘looyds je Ja3em 3214 Jees) ap uea
SoIM ¢
UOIJUSAIDIU| J3JEAN Apnis
(penupuod) T 374VL



)
N
k3]
@©
b
a
gel
=
@
@
9]
=
LD
(9]
n
>
£
v
@
Q
(@]

DIBAY MOGHADAM ET AL.

(senunuo))

‘T€'T = YO Auup spods
%L~ =qAld

9% =d (T1'99°0)
‘68'0 = YO epos

(9SS paidads Suelp %]
ald “Yo) uondwnsuo)

9)elenod
swes 404 pajsnipy

(4N 1D pue uesw)
90t" = d "IN anjeA

([Aep/sasse|s] @iq)
uoidwnsuod JuLp 1Jos

Y0’ =d
000 ‘vz'0-) 210~

([Aep/sasse|]
aiq) uondwnsuo)

S3)eLIEA0D
awes ay} 104 pajsnipy

awodInQ a8esanag
pauajeams-sesng

%Y'6 =dld
‘€00" =d (£STTT)
‘9/'T = YO :924n0s Aue

{([@24n0os payy1dads
wioJy Jajem jueap %]
aid *4o) uondwnsuo)d

punoud3oeq
|euoijesSiww|
404 paysnipy

100" > d (¥'T-£°0)
‘Aep/sasse|3 T'T

([Aep/sesseis] i)
uondwnsuo)

05" =d
(Ly'0'eT’0-) 210

([Aep/sasse|3] Iq)
uoipdwnsuo)

‘(dwoy 3e

uayods ysij3u3 Ajuo)
Adluyis pue ‘uonisod
2ILIOU0290120S
ployasnoy ‘xas pue

a3e pjIyd ‘suleseq e
uojpodoud Joy pajsnipy

€0’ =d

awodINQ 433

AN

's9sse[d

4O %1/ Ul Jsjem
3unjuup jo uoisiroid
Alleq@ ‘uonuaAsRlul
1noys3nouyy wayy
panunuod Jo %t pue
‘UOISSaS 493500( T<
pajuswaldwi %89 “||e
pajuswa|dwl %97
‘Z< pajusws|dwi
%G8 ‘Su0ssa|
woo0Jsse[d 7 9y}

JO T< pajuswa|dwi
S13Y2ea} 343 JO %16

daN

uonejuswajdwy
30 JuaX3

(%6°68) ¥9€

SO

(%€°C6) 056€
(syuapnys

061€) slooyds
Aejuswspe zg

(%€8) LLE

%94

(le3o)
9z|s a|dwes

uedaWy

uestyy %07
Japueys|

dlIoed/UBISY %Ze

dpuedsiH %£s

(8'CT ueaN)
YN 28uey

Slewa) %L 6%

seaJe paAlidap ul
pa3e20]| S|ooYdS

punou3doeq
JueIBIW YUM %t

(€'8 UBSN)
sopeJ3 pig pue g

S[eWa) %S

AN

AN

(7'TT Uesn) A 41-0T

uonje|ndod

|eaiuld uosuyor
POOM H3q0Yy
‘sanuedsig
yesaH

pue yijesH
AjuIoul|p Joy
J31Ua) |euoneN

sauysnpu|
J91BAA pUE S
uew99 ayj Jo
uoleIossy
‘uop3daslold
Jawnsuo)

pue ‘2injnoudy
‘poo4 jo Ansiulin
|eJopa4 uewlaD

|1PUN0D
yoJeasay
ueadoing
‘eqniy Jo
AjisIaAIUN

Josuodg

1$93U00

Me ‘sazud) sanjiAioe

Jeuonowoud ‘saj130q

J91eM 3|qesnay

9]eJapoN sel19)a)ed
|ooyos ul
104N J9suadsip 191N

syjuow Of

uoi3edNpPa ‘s3j130q
1§ sjuspnis
djay ‘apioq o3em
S3eI9pON
sjooyos ul

LO¥N J23sn|D uleunoy Jajem

saje3s pajun

¢ 1T0T [9%ed

Auewan

£600C
Janeqaxanin

usisap Apnjs [el Pa||0J3u0d PIZIWOPUEIUON

syoam g

amoq
lajem m_ﬂmijh

SEVNEREVRI K|

ysiH uondwnsuod
J31eMm 910Wo0ud (S|d)

10y 4938nD S192UaNjjul 193
seig jJo UOIJUBAISIU| J3JEAN
siy pue usisa@ Apms

(panuiuo))

eqniy

z8T0T uadjuely

Apms

T 31avl



DIBAY MOGHADAM T AL.

238 WILEY. Obesity Science and Practice

(sanunuo))

9am Jad sawiy 9T°0—
‘(T 9|ge3 woJy pajejndjed)
aiq pasnipeun
(paodau jou

Qia passnipe Jo anjen)
(uonoelaIul UOIIPUOD

X awn) gge’ =d ‘1D ou
‘v£°0 = 4 (parsnipe) AiQ
:shog

([se13un0d g ssoJoe
pajood 3oam/bauly)
ai@j uondwnsuo)

S9}elIeAOd swes
10} pagsnipy

%6'9 =did

‘80" =d (G£'T°£6°0)
awodnQ a8esanag
paua}eams-sesng

saw} G0°0 (T 2lqeL
wo.y pajejnojed)

Qi@ paisnipeun
(pa340dau Jou

diq pa3snipe jo anjea)
(uonoetazul uoKIPUOD
Xawn) 998" =d ‘1D ou
‘€00 = 4:A1Q parsnipy
:shog

([ss13unod g ssouoe
pajood 3oam/bauy]
aiq) uondwnsuo)

ANiqi8ije weidoud
youn- jooyds
|euonieN pue ‘awoy
Je usxods a3en3ue|
Atewnd ‘Adiuyle
/32l ‘xas ‘o8e ‘looyds
1e J93em Supjuup
Jo uondwnsuod
uonuaAIdjuI-aid
‘SNJe3s UojuanIaul
104 YO passnipy

(S1ge|ieAe j0u anjeA 4
pue |D .>>®_>w\_ SIY3 JoJ
pajejndjes gid nwuocv
%8/ =dld

‘500" =d (0z'€'€T’T)
‘66'T = O ¥0q
J93eM a|gesnal
%8T—=d1d /8 =d
(T¥'1'6£°0) ‘€0'T

= YO 433em paj130q
%0°€ =Ald ‘60" =d
(€£'2'€6°0) ‘65T = YO
:924N0S Jajem Qmu J9yjo
%98 =Ald ‘20 =d
(66T ‘SO'T) ‘S¥'T = ¥O
-ujejunoy jooyss

3wWo23NQ 493ep\

dlewd) %1 6y

aJejlom
uo 10 paAojdwaun
sjuased y3oq %€°0

‘saljiwey

AQ paAIadal Jou
sem weJSoud ayy jo
Yonw wnidjag ul ‘88
‘ANIPPY Y31y Yam
PaJaAI|ap Jou sem
UOIUSAIRIU|

peo.qe uloq
(%89) TOT TT jualed auo %z'9T

88¢ 91 (09 uesw) A 6'6-C

Slewad %SG

Anqisiie weiSoud
youn [ooyds
|euoeN %e9

PUYI0 %0T
uonejusws|dwy uonejndod

30 Ju3x3

(le3oy)

921§ a|dwes

pajeasd-piy ‘4aded
|00Y2s ‘saAIde
WOo0ISSe|d ‘SMOpUIM
210)S Ul 5193504

Aep jooyds

Suunp sj130q Jajem

asn ‘9|qey Jauulp

1€ 191em a3eunodua

‘sooe|d o1jgnd

pue ‘spunoJ3Aed

SnoLRg ‘(pspinoad
uolun sdnd Jaded ym)
1DYN 493snD

ueadoin3 S|ooyPs 3e suleuno4

Syeam g

siasuadsip

0} 3xau sdnd

Jaded pappe ‘4

wesSo.ud 329M U] "uoizeanpa

slejoyos ‘(sjuswiadunouue

Josuodg seig jo UO[JUSAIRIU| J3JEAN

sty pue ugisaq Apnis

(panupuo?)

S9LI3UN0d
ueadouny g

,£5T0C

finypneapinog
°d

Apnis

T 37avl



(senunuo))

> /3uapnys/qw] wopBuIy papun
E ([Aep jooyds ERIEIETTIo} ¥N 4N suy
L /3uspnis/qu] aduaJayip dnoug uiynm) P¥1 spood sjooyds ul ££500C
lam dnoJ3 uiyum) sajes papiaoad Ja3epp AN G962 (4N Ues|N) AQT-TT ysiag usap uep 128N 139|002 J33eAA 93puy3no
W 1000 > d
(T1'9¢— ‘08'SvT-) 100" =d (T'91Z'6'99)
.m 9%'8€C = AS ‘96'58— ‘9'0v =3S ‘G'9¢ET
w |013U0D (1918M
a + Ojul PaAIda.
e 1000 >d Ajsnoiaaud jeyy
% (65'96-€L9¥C) wile ul ‘uouaniaiul
m GZE€=AS ‘99 TL1~ A99M-E SIY3 JO pud
m sdnoJ3 + Ja3em + ojul 1€) sdnoJ3 auljuQ snouasg
QV.... saseyd
= (papodau T000 =d ‘(#'9€T wInJoj uoissnasip UOIJUSAIDIUI OM)
M ]0.J3U0D SA UOIJUSAISIUI VTIET) ‘892 = IS ‘lo1u0d g aseyd JO YJED J0J SHoOM €
O ala sem Jou pajuasaud ‘6'€8T (uonuaAIaul Slewsy %09 193em + uoijewiojul
jou spoliad awi Jsyio] 99M-¢ SIY3 JO pus 1e) ‘uonewuojul sjuaJled Joy
JuUBWI|0IUD U9 Jedh uoisinoad Jajem AN $21wouod3 ‘lo13u0d T aseyd WINJoj pue suoissas
3UO 0} duljaseq :2j0u) + Uonew.oyu| JO |ooYyds Sy uol3edNpa auluQ
([Aep/w] (%1°92) vEE AN uopuoT puejod
93ueyd dnou3 ul ([Aep/qwi] i) ‘Yoseasay saseyd uoiuaAISuI SWoY 0] paJaAllRp
uiym) uonndwinsuo)d uondwnsuo) dN 6EY (v uesaN) A 9-¢ auoueq [euanbas LM [ DUN 193eM JO S3|130q £9 9e£10C SHueld
[9A3] UoizeINpPa
S9]e1IeAOD dWeS |ejua.ed pue
104 pajsnipy a8e 10) paysnipy
SIedA g
Yoom Jad Yoom Jad sawi}
sawiy £0'0— (T 3lqeL €7°0 :(T 3|qeL (quswajdut
wouy pajendjed) gia woJy pajejnd|ed) 03 9A0qe
paisnipeun aiq paisnipeun SUOIIURAID)UI
(pawodad jou (papodau Jou QIQ ‘Aue J1 ‘yaiym
@i paisnipe jo anjea) pajsnipe jo anjeA) 9509 $91IS :9]0N)
(uonoeJsayul uoIPUOD (uonoelajul UoHIPUOD
X 3Wn) 0L£9" =d ‘1D ou Xawh) 0ZZ =d ‘1D ou S9Ssep
‘81°0 = 4 :(paisnipe) Aid ‘16°T = 4 :Q1Q paisnipy pue uonesnps
r SHID SHID |eaisAyd Suunp
m |ooyds 3e  Sjuswow,
AMn Yoam Jsad Supjuup Ja3em ‘spe
ADn awodnQ asesanag awodINQ J9jeM uonejuswadw| (le3ol) uone|ndod Josuods selg Jo UOIJUSAIDIU| JBJEAN Apms
W pausjaams-sesng JO Juax3 92|15 9|dwes Jsiy pue usisag Apnis
Wn (penunuod) T 314Vl
=)
[a)




DIBAY MOGHADAM T AL.

240 WILEY. Obesity Science and Practice

(senunuo))

03 uiBuliq paAIasqo
$J€3S Jo uaJIp|iyd

10 >d
‘(AN 1D) ‘65—

([Aep/3x/8]
93ueyd dnou3
uiyum) uondwinsuo)

s|ooyds ssoude pajood
S3InsaJ Jodau jou pip
‘8uysay |edNsijels oN

Aep/w G'ze—

1€ |00YydS |043U0D
ejep dn moj|o4

0u :Z |00Yy2S [0J3U0D)
Aep/qwi g0 :auljaseq
1T |00YydS |043U0D
Aep/qw z'g—

i€ |00YDS UO[USAISIU|
Aep/qwi €T

1Z |00YdS UOIIUDAIRIU|
Aep/w yp—

1T |O0Y2S UOUSAISIU|

([Aep/ndnd/qw]
‘dnoJ3 ulyum) ssjes

G—~ :dnou3

Ja1em 01 dnousd
uorzowoud pue uajem
ST—~

:|o43u0d 0} dnoJ3
uojjowoud pue uajem

awo2)nQ 28elanag
pauajaams-tesng

weJi3o0.d jo aseme uaJp|Iyd 0SS

Aj@rewixoiddy

Suj8ulqg paasasqo

1JB3S 10 UIp|IYD sjuaJed 4O %69

(%S6

pawnsuod agesane
uo pue Aep/q T
paAISal sjueddiped
se pajiodal
‘pajiodai 3593
|e211513€3S OU) 0G6 ‘Aselp 1odau
-J|9S Ul papJodas
([Aep/qw] a8ueyo (%9'68) €LT
dnou3 uiyum)
uondwnsuo)

Se J91eM JO %56
jueJp syuedpiped
P33jou INg YN €61

'S9[170( Ja1em

3y} asn jou pip
sjidnd oam T 1YY
‘Aep USAI3 uo 439|002
J91eM Pasn sjuapnls

40 %0¢ "uolusAIUL 4N
1noy3noJy) paxyom

AN $43]003 J93EM 9985
01T~ :dnoJ3
J193em 03 dnoug
uojowoud pue usjem
/TT~ :|0Jju0d 03 dnoud
uonowo.d pue Ja1em
([Aep jooyds

awodINQ J93e M\ uonejuswajdwy] (1e3ol)

Jo jJuaxg 921§ 9dwes

(8L uesW) A ZT-¥

W/ ST < INg
3S[ewd) %9
AN

4N

(TeT uesW) A gT-ZT

AN

AN

AN

(T UBSN) A 6T-2T

N sease
paAudap

150w 2y}

woJj sjooyds
Arepuodag
youn| 9944

104 9|q18113 %9¢

uonejndod

350d-a4d |euoi3das
-sso42 dnoud aj3uls

uoijeAouu| pue

‘ASojouyda ]
CRlIETbIN y3iH
10} Aduady
ysiueq ayj pue Loy
pieog Aleq we-1, e Ul pajsau)
ysiueq sy 3s0d-aud dnoug 9|3ulg
spuepayaN SnoLas
943 jo yijesH
Jo Ansiuin sy 123N
snoLas
|1013u0D
Ajuo
191em :z dnoud
uoljuUaAIRIU|
uopowoud pue
Ja1em T dnousd
uojUIAIRIU|
Josuods seig jo

YIsiy pue usisag Apms

J93em Suiduuq

a8esnooug 1,7TOZ 3999
S39IM ZT
SuoN
sewuaqg
sjuedpijed
03 papiroid o?10C
J91eM pajog uasapuy

uSisap Apnis 3sod-aud dnous aj3uis

syoam 9T

samoq
J91eM 2314
spuepayaN
sjooyos ul

13|00 J23eAA £c0TOT 43Y2SSIA

tpuow T

w.e sauo

ul sjpuad

pue ss|30q
leuojowoud ‘sasse|d
pue Ajquiasse
Jooyds ul uoeanpa
pue s19150d

UOIUIAISIU| J3JEAN Apmis

(penuuod) T 314V1



)
i~
k3]
@©
b
a
gel
=
@
@
O
=
LD
(9]
n
>
£
v
@
Q
(@]

DIBAY MOGHADAM ET AL.

"(92uUaJa4y1p pa||0J3uodUN) dUBISHIP 3s0d-aud dnois 3[8uls pue (2UIBHIP P3]|0J3U0D) paseydind JO PAWNSUOD SESS PUE J3JEM JO SWN|OA Ajlep ueaw dnouS [0J3u0d pue UouSAISIUI UaMIaq did,
"Z 9|qe ul uoneuLiojul pajie}dQ
'S31pN3s paziwopueluou o4 (I-SNIFOY) |-S21PNIS PazZIWopUeIUON U] selg JO sty
"S9IpN3s paziwopuel 1o (0°Z80y) 0°C Selg 40 4siy

"3UOJe UOLI}LID SIY} UO paseq selq Jo sl Y3y se payisse|d sem ugisap 3sod-aud dnous aj8uls v "Apnis dno.s a|3uls I SUON :pash |00,

"ULIE BUO UBY} 3I0W J,

"28BJ9AS( PaUS}PIMS-1ESNS ‘GSS {SNJEYS DILIOUOII0ID0S ‘GG LI0LID PIEPUE)S ‘IS ‘UOIIBIASP PIEPUE)S ‘(S ‘|el] Pa]|0Jjuod paziwopued

‘10Y ‘s12ouanjjul 133d ‘S|d ‘O13ed SPPO YO ‘[el PI||0JIUOD PIZIWOPUEBIUOU ‘| DYN ‘Pa10dal JoU “YN {S2OUBISHIP Ul 9dUIBHIP ‘Q|Q ‘[BAISIUI SDUSPLUOD ‘| Xapul ssew Apoq ‘||Ng :Suoljeinaiqqy T d|qel

(paAJssqo

auou) O :A8J8ud

10 >d (66— 'S¥1-)
‘%1'ZT— :spods

10" >d (S'S—‘S¥T-)
‘%0°0T— :dod/epos
es

AN (00

‘9'0—) ‘€'0— :ASJ9ud
UN(€e

‘T°G-) ‘%6°0— ‘sHods
10 >d (0T=‘0v-)
‘%G'¢— :dod/epos
ualpiygy

([3uso4ad
91n|josqe] adualayip
|euoi329s-sso4)) dwed

awo2nQ a8esansg
pauaj)eams-tesng

AN (2L
‘T8T-) ‘%8G~
Hes

AN (0°6T°07—) ‘%SL
uaJpiiyo
([3uao4ad a3njosqe]

ERITEYEN B [=CTibEN
-ss0.4D) dwed 03

3W02INQO 4938\

‘pautesy

Sulaq pajesipul
4J€3S JO %G/ pue
uopnejuswajduy
J0 Jua)X3

(sanseaw
pajeadau
|euoidas

-SS0.2)

9ABM D€

je sdwed { je
Hels G1-¢T pue
(fe3o1)

azi§ s|dwes

Slewd) %/

AN

JluedsiH
-uou apym %91

uonjejndod

UresH
J0 SISyl
[euoneN

Josuodsg

UsiH
Suol}eAIaSqO
3sod oM} yum

seig Jo
Sisy pue uisag Apms

SH9IM TT

(s|rews Apeam
‘xoqyounj| Ayjjesy
03 apIn3) uoyeanpa
JJ€3s pue |ejualed
‘(Bwiy wims

elIxe ‘s19ydn
a1Aow ‘39) uaJp|iyd
104 S3AI3UDU|

dwed Jswwns
0} dwoy wo.y

UOIJUSAISIU| 1D3BAN

(panuiuOD)

sajels panun

Apms

T 318avl



DIBAY MOGHADAM T AL.

242 WILEY. Obesity Science and Practice

consumption.?”¢ One installed water cup dispensers in schools.?? All
three of the studies without an effect on SSBs installed water dis-
pensers (coolers, fountains, etc.) and promoted water in schools and
observed only small changes in water consumption.®%*>*® Among the
10 studies with low or some/moderate risk of bias, five increased
water and two of these reported reductions in SSBs.

4 | DISCUSSION

This systematic review of 17 studies found little evidence that inter-
ventions aimed at increasing water intake consistently reduce the pur-
chase or consumption of SSBs. The most common interventions were
provision of water and water education or promotion activities. Of
the 10 studies with low or moderate/some risk of bias, two showed
both statistically significant decreases in SSB consumption and
increases in water, one reported a decline only in SSBs, and three
noted an increase only in water. Among all of the 17 included studies,
seven reported a statistically significant decrease in SSB consum-
ption/purchases, although only three of them included a comparison
group.

Two previous reviews have summarized the effectiveness of
water promotion and SSB reduction interventions. Neither described
the effects of the water promotion interventions on SSB consump-
tion, independent of co-interventions targeting SSBs. Vargas-Garcia
reported on 40 studies with interventions to increase water and/or
decrease SSB consumption.* Eleven of these studies measured water
intake, and it was possible to do a meta-analysis of the seven that
included children. In these studies, the interventions increased water
intake. However, because six of these seven studies included a SSB
intervention, this analysis did not address the question of this review.
Cradock recently summarized the evidence from 25 studies aimed at
increasing water consumption among children ages O to 5 years. > Of
the 19 studies that positively impacted water consumption, three
focused solely on water interventions, too small a number to draw
any conclusions about effects on SSBs. Two of these studies showed
a decrease in SSB consumption.

This review differs from the Cradock and Vargas-Garcia reviews
in several ways.'**5 First, this review focused on whether water pro-
motion, absent any SSB co-intervention, can reduce SSB intake. Sec-
ond, it included only studies that reported on both water and SSB
purchases or intake. Third, it included all age ranges while the review
by Cradock focused on children.

If the hypothesis that water promotion decreases SSB intake by
increasing water consumption which then leads to SSB reduction
through a substitution effect is correct, the expectation is that SSB
reduction would be observed primarily in studies that increased water
intake. However, the results of this review did not confirm this expec-
tation. Out of six studies that increased water, only three decreased
SSB consumption. 2729.36 On the other hand, three studies were iden-
tified that decreased SSB consumption despite failing to increase
water intake. 283141 These studies did not have SSB reduction com-

ponents, making the mechanism by which they affected SSBs

uncertain. In addition, two of them were at high risk of bias. Franken
et al posited that “children understand the implicitly promoted mes-
sage that SSB consumption is in fact unhealthy.”?® The intervention
described by Beets et al increased fruit and vegetable consumption,
and the authors speculated that the added produce displaced SSBs
from the diet.** In conclusion, SSB consumption did not consistently
decrease when water consumption increased and the association of
changes in water and SSB intake was inconsistent across studies.

Among the studies in this review, home-based interventions that
included home water delivery were more frequent among studies that
reported significant SSB decreases compared with those that did not.
This finding suggests that an individually focused, more intensive, and
costly intervention may be needed for water promotion to affect SSB
intake. Provision of water and water education or promotion activities
appeared to decrease SSB intake, compared with lowering the price
of water or multicomponent community interventions with a water
promotion element.

The included studies had several limitations. They did not
define SSBs uniformly. While all definitions included soda, the
inclusion or exclusion of other beverages (eg, sports drinks, energy
drinks, fruit drinks/cordials, 100% fruit juices, sweetened flavored
water, teas, coffee, dairy, or alcohol) differed or was not specifi-
cally reported.

Outcome measures for both SSBs and water were not consistent
nor optimal. The metric for beverage outcomes was most often vol-
ume consumed per day or week, but studies also used calories per
day, drinking more than a few sips, number of glasses, participants
observed consuming, and volume sold per day or week. Measures in
some studies lacked precision, and data were often obtained through
lower-quality methods such as limited food frequency questionnaires
and observed consumption. Several studies limited assessment of
intake to beverages consumed at the intervention setting and thus did
not assess effects on total daily consumption. These limitations may
have contributed to the inconsistent effects of water intervention on
SSB outcomes that we observed.

Most studies had some/moderate or serious/high risk of bias. Half
of the studies did not employ a randomized study design. The most fre-
quent study limitations that contributed to increased risk of
bias included lack of blinding, inadequate control for confounding, miss-
ing data, and deviations from intended interventions. Many of the non-
randomized studies did not adjust for potential confounding factors.

Most studies were of short duration, and few included post-
intervention follow-up to assess durability of intervention effect.
In some cases, interventions were incompletely or inconsistently
implemented, and most studies did not report on the extent and fidel-
ity of implementation.

Nearly all studies focused on children in educational settings.
Thus, there is limited information available on the value of water pro-
motion for reducing SSB intake among adults or in other
settings. There were insufficient data to make clear conclusions about
comparative effectiveness across different population subgroups.
However, studies took place in many countries and included diverse

participants, suggesting that findings may be generalizable.
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Risk of Bias 2.0 for Randomized studies

Random Sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data

Selective reporting

Other bias

0 1 2 3 4

(€]

Low risk of bias Unclear risk of bias

W High risk of bias

Risk Of Bias In Nonrandomized Studies - | for Non-randomized

studies

Bias due to confounding
Bias in selection of participants into the study
Bias in classification of interventions
Bias due to deviations from intended interventions
Bias due to missing data
Bias in measurement of outcomes
Bias in selection of the reported result
0 1 2 3
Serious risk of bias

Low risk of bias Moderate risk of bias

This review is subject to several limitations. Only high-income
or middle-income countries were included, as they have higher
levels of SSB consumption relative to low-income countries. Grey
literature was not searched given the focus on peer-reviewed pub-
lications. A positive study was defined as one that found a statisti-
cally significant decrease in SSB consumption or purchases either
in comparison to a control group (difference in differences) or in a
pre-post analysis of a single intervention group. While it would
have been preferable to include only the former, the limited num-
ber of available studies required the use of a more liberal defini-
tion. Additionally, the limitation of using statistical significance as
the criterion for a positive study is well-recognized. Finally, some
of studies may have been underpowered for detecting changes in
water or SSB consumption. Only two studies described a power
calculation for water and one for $SBs.2?*! QOverall, studies based
power calculations on other outcomes (eg, weight) or did not
report a power calculation. In addition, among studies using a clus-
tered design, few described a power calculation that accounted for
clustering (eg, used intraclass correlation coefficient).

This review has several strengths. It is the first systematic
review to our knowledge that examines whether water promotion,
in and of itself, can reduce SSB intake and what intervention char-
acteristics are associated with lower SSB intake. Review guidelines
from the Cochrane Collaborative and the National Academies of
Medicine were followed.?'?? Studies were identified using a strat-
egy designed by a medical librarian which was peer-reviewed and

employed inclusive search criteria. Two reviewers independently

4

B Critical risk of bias

FIGURE 2 Risk of bias 2.0 for randomized
studies
7 8 9 10
|
5 6 7 FIGURE 3 Risk of bias in

nonrandomized studies-| for
nonrandomized studies

reviewed studies for selection, extracted data, and rated risk of
bias using standard Cochrane tools.

Further research is needed to evaluate the hypothesis that
water promotion can decrease SSB consumption, whether indepen-
dently or synergistically with strategies that directly target SSBs. A
randomized controlled trial that uses a factorial design to examine
the independent and combined effects of water promotion and SSB
reduction strategies on both water and SSB consumption and/or
purchases would be a useful addition to the literature. Such a study
should include rigorous dietary assessment methods with standard
consumption measures that allow for the examination of substitu-
tion effects so that impacts on total 24-hour beverage consumption
and possibly overall diet quality can be determined, along with
objective measures such as sales data. Ideally, the intervention dura-
tion would be least 6 months, and the evaluation would assess
postintervention sustainability of any observed effects.

Given the lack of evidence that water promotion alone can
decrease SSB consumption, it is prudent to deploy strategies that
focus directly on SSBs to reduce SSB consumption. There is evi-
dence that interventions that directly target SSBs (education,
decreasing access, and increasing price) reduce SSB consump-
tion.*>*” Water promotion may have other benefits unrelated to
SSB reduction. 1146
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