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Effectiveness of behavioral interventions to reduce the intake
of sugar-sweetened beverages in children and adolescents:
a systematic review and meta-analysis

Abir Abdel Rahman, Lamis Jomaa, Lara A. Kahale, Pauline Adair, and Cynthia Pine

Context: Consumption of sugar-sweetened beverages (SSBs) among children has
been associated with adverse health outcomes. Numerous behavioral interventions
aimed at reducing the intake of SSBs among children have been reported, yet evi-
dence of their effectiveness is lacking. Objective: This systematic review explored the
effectiveness of educational and behavioral interventions to reduce SSB intake and to
influence health outcomes among children aged 4 to 16 years. Data Sources: Seven
databases were searched for randomized controlled trials published prior to
September 2016. Studies identified were screened for eligibility. Study Selection:
Trials were included in the review if they met the PICOS (Population, Intervention,
Comparison, Outcome, and Study design) criteria for inclusion of studies. Data
Extraction: Data were extracted by 2 reviewers following Cochrane guidelines and
using Review Manager software. Results: Of the 16 trials included, 12 were school
based and 4 were community or home based. Only 3 trials provided data that could
be pooled into a meta-analysis for evaluating change in SSB intake. Subgroup analy-
ses showed a trend toward a significant reduction in SSB intake in participants in
school-based interventions compared with control groups. Change in body mass in-
dex z scores was not statistically significant between groups. Conclusions: The qual-
ity of evidence from included trials was considered moderate, and the effectiveness of
educational and behavioral interventions in reducing SSB intake was modest.

Systematic  Review  Registration: ~ PROSPERO  registration =~ number

CRD42014004432.
INTRODUCTION are sources of high energy that have poor nutritional
value and are considered the primary source of added
Sugar-sweetened beverages (SSBs), namely soft drinks, sugar in children’s diets.”™* The high consumption of
carbonated beverages, fruit juices, and sweetened milk," SSBs is a widespread phenomenon among children and
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adolescents worldwide.” Recent figures show that 80% of
youth in the United States consume SSBs on a regular ba-
sis, contributing to approximately 11% of daily energy in-
take.” Similar intakes are evident globally in both
developed and developing countries. For example, SSBs
contribute 14% of total energy intake among children in
the United Kingdom (aged 4-18 years)’ and 10% of total
energy intake among children in Mexico (aged 6-11
years).” The increase in SSB intake is one of several die-
tary changes that have been attributed to the nutrition
transition, which is characterized by rapid changes in die-
tary intake favoring the intake of energy-dense foods and
beverages coupled with reduced physical activity. In fact,
the high intake of SSBs among children and adolescents
has been also associated with lower intakes of water,
milk, fruits, and vegetables and a higher intake of highly
processed foods and beverages. These changes in dietary
behaviors are alarming because they are associated with
increased risk of adverse health consequences, including
lower micronutrient status and increased risk of dental
caries, weight gain, diabetes, and hypertension.””'

Compelling evidence supports the strong association
and causal relationship between SSB consumption and
increased risk of obesity. Results from well-powered pro-
spective cohort studies and randomized controlled trials
(RCTs) support the association between SSB consump-
tion and weight gain in both the short term and the long
term among children and adults.*'"'* Furthermore, a di-
rect dose-response relationship has been established be-
tween SSB consumption and long-term weight gain.*
Several plausible biological mechanisms have been pro-
posed to explain these strong associations, such as de-
creased satiety and failure to reduce energy intake at
meals subsequent to the consumption of liquid calories
such as SSBs, which can lead to a positive energy balance
and weight gain.” Other proposed mechanisms include
increased blood glucose and insulin concentrations
resulting from consumption of rapidly absorbed sugars
in SSBs, leading to high dietary glycemic loads and a cas-
cade of changes in appetite-regulating hormones and in-
flammatory biomarkers. These changes in turn can
contribute to increased risk of type 2 diabetes and car-
diovascular disease in children.”'>"*

Public health interventions targeting SSB consump-
tion and other unhealthy dietary behaviors in children
have increased over the past 2 decades in an effort to
help curb the rising rates of obesity. The majority of
these interventions adopt educational and behavioral
approaches that focus on changing the knowledge, the
attitude, and, subsequently, the behavior of children to-
ward SSBs. These interventions have been conducted
through school-based didactic lessons and interactive
classroom activities'>'” or through home- and
community-based strategies, including the distribution
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of simple educational messages to parents highlighting
the importance of replacing high-calorie beverages with
healthier alternatives.'®*° Other supportive interven-
tions include environmental changes, such as school-
level policies to limit the availability of and the access to
SSBs and other competitive foods and beverages with
minimal nutritional value within the school environ-
ment,*""*?as well as in-school price policies,”> govern-
mentally mandated SSB taxes, or regulations restricting
sales within retail and food service establishments.** >
Despite the use of diverse interventions to limit SSB
consumption among children and adolescents, evidence
of what constitutes successful and effective interventions
is still minimal. Few reviews’>*’ to date explored the ef-
fectiveness of interventions aimed at reducing SSB con-
sumption among children and adolescents, with 1
recently published review examining the effects of inter-
ventions on both SSB and water intake among children,
adolescents, and adults.*® Given the serious implications
of high SSB consumption for children’s diet and health
and the importance of identifying which educational
interventions best predict behavioral change, the aims of
the present systematic review are as follows: (1) to ex-
plore the impact of educational and behavioral interven-
tions to reduce the intake of SSBs among children and
adolescents across different settings (school and non-
school settings); and (2) to assess the effect of these inter-
ventions on change in body weight and other health
outcomes, taking into consideration which behavioral
change techniques were included in these interventions.

METHODS
Inclusion criteria

Table 1%° describes the PICOS (Participants,
Interventions, Comparisons, Outcomes, and Study de-
sign) criteria used to define the research question for this
review. In addition, the systematic review and meta-
analysis were performed in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines (see Appendix S1 in the
Supporting Information online). Given that RCTs are
considered the gold standard for establishing causal con-
clusions and providing reliable evidence because they
minimize the risk of confounding factors influencing the
results,” this systematic review included only RCTs.

Search strategy

A comprehensive literature search was conducted for
trials assessing the impact of behavioral and educational
interventions on health behaviors and outcomes of chil-
dren and adolescents. The search was limited to articles
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Table 1 PICOS criteria for inclusion and exclusion of studies?’

Parameter

Criteria

Participants
Intervention

Children and adolescents aged 4 to 16 years

Educational or behavioral interventions targeting the reduction of SSB consumption as one of the main purposes.

Acceptable settings in which the educational intervention was delivered were school, home, and community

Primary outcome of interest was the reduction in SSB consumption after delivery of the intervention. Outcome was

measured as a decrease in the intake of soft drinks, sweetened juices, or any sweetened drink defined in the in-
cluded study and was quantified using the difference in consumption of these beverages pre- and postintervention
and after follow-up. Secondary outcomes included any of the following clinical or health outcomes affecting a child’s
health status: reduction in obesity prevalence (status); changes in body composition measures (eg, body mass index
[BMI] z scores based on age- and gender-specific growth charts); reduction in dental caries measured by the differ-
ence in decayed, missing, and filled teeth; reduction in cardiovascular disease risk factors; reduction in risk of any
chronic disease, including type Il diabetes mellitus, hypertension, dyslipidemia, and orthopedic ailments

settings
Comparison Control groups with no intervention
Outcomes
Study design

developing country

Any setting, including school-based and out-of-school (home or community) settings, conducted in a developed or

published in English. Two authors (A.A.R. and L.J.)
conducted the initial search and screened the identified
articles between June and September 2014. The same 2
authors conducted an updated search and screening in
September 2016 by electronically searching the follow-
ing databases from the start of the databases through
September 30, 2016: Applied Social Sciences Index and
Abstracts; Cumulative Index of Nursing and Allied
Health Literature (accessed via EBSCO); Cochrane
Central Register of Controlled Trials; Embase (accessed
via Ovid); MEDLINE (accessed via Ovid); PubMed;
PsycINFO (accessed via Ovid); Web of Science; and
Google Scholar. Appendix S2 in the Supporting
Information online provides a complete list of the
search strategies used for the electronic databases. Two
authors (A.A.R. and L.J.) also hand searched other sour-
ces, including relevant journals such as the Journal of
Nutrition, Journal of the Academy of Nutrition and
Dietetics, Journal of Nutrition Education and Behavior,
and Public Health Nutrition. They closely scanned the
reference lists of all articles included in this review and
of other relevant systematic reviews to identify any ad-
ditional relevant manuscripts or interventions.

Figure 1 outlines the screening process and shows
the number of studies excluded at each stage. A total
of 16 trials were included in the systematic review
(Table 2'>1772031-4%) "\vhereas 58 studies were excluded
from the analysis for reasons summarized in Appendix
S3 in the Supporting Information online.

Data collection and analysis

Two authors (A.A.R. and L.J.) independently screened
the titles and abstracts of the identified articles. Articles
judged as potentially eligible by at least 1 author were
retrieved for full-text review. Authors A.A.R. and L.J.
independently screened the full text of the retrieved

920

articles for eligibility, using a standardized form with
explicit inclusion and exclusion criteria derived from
Cochrane guidelines.*® They resolved disagreements
through discussion or by consulting a third author
(P.A.). Afterward, they independently extracted data
from each included study, resolving disagreements
through discussion. The Cochrane guidelines and for-
mat for data extraction were used when entering data,
and Review Manager software (version 5.3.5) was used
for data management. The collected data were related
to 5 aspects of the review: (1) methods (study design,
unit of randomization, and analysis); (2) participants
(population characteristics and number of participants
randomized and evaluated per arm); (3) intervention
(educational and behavioral components, duration of
intervention and follow-up, and description of control
group); (4) outcomes (primary and secondary outcomes
defined for this review); and (5) other notes such as sta-
tistical methods used, sources of funding, and registra-
tion identifier for interventions and the RCTs, if
available. In addition, the authors attempted to contact
trial authors if reported data were incomplete.
Agreement between A.AR. and L.J. regarding
study inclusion during the title and abstract screening
and the full-text screening was assessed using the Kappa
statistic.”” Kappa values were interpreted as following: 0
to 0.20 represented slight agreement; 0.21 to 0.40 fair
agreement; 0.41 to 0.60 moderate agreement; 0.61 to
0.80 substantial agreement; and greater than 0.80 almost
complete agreement. Agreement between authors on
study eligibility was found to be substantial (x =0.72).

Risk of bias. The risk of bias was assessed at the study
level using the Cochrane risk-of-bias tool. Two authors
(A.A.R. and L.J.) independently assessed the methodo-
logical quality of each of the included studies. They re-
solved disagreements by discussion, and persistent
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Figure 1 Flow diagram of the literature search process.

discrepancies were resolved by discussion with a third
author (P.A.). Risk of bias was assessed according to the
following criteria: random sequence generation (selec-
tion bias); allocation concealment (selection bias);
blinding of participants and personnel (performance
bias); blinding of outcome assessment (detection bias);
incomplete outcome data (attrition bias); and selective
reporting and whether the study was free of selective
outcome reporting (reporting bias). Details about risk-
of-bias assessment for all included studies are presented
in Appendix $4 in the Supporting Information online.

Subgroup analysis and investigation of heterogeneity.
Heterogeneity between trials was assessed by visually
inspecting the forest plots and by estimating the per-
centage of heterogeneity between trials that was not due
to chance. To measure the latter, the I” statistic, as de-
scribed in the Cochrane handbook,*® was used. Sources
of heterogeneity were explored if the I* statistic
exceeded 25%. Subgroup analyses were conducted to

Nutrition Reviews® Vol. 76(2):88-107

explore the reason for heterogeneity and the influence
of the latter on the effect estimate. For subgroup analy-
ses, studies included in the meta-analysis were stratified
into subgroups according to the setting of the interven-
tion (school-based settings and outside-of-school set-
tings such as home- and community-based behavioral
interventions).

Assessment of reporting and publication bias. Selective
reporting was assessed by trying to identify within-
study reporting bias. If the study protocol or trial regis-
tered in a certain trial registry was available, the lists of
outcomes from those sources were compared with the
outcomes reported in the published paper. If not, then
outcomes listed in the Methods section of the published
paper were compared with the outcome listed in the
Results section. Publication bias was further assessed by
creating an inverted funnel plot in the Review Manager
file for the primary outcome relative to the intake of
SSBs.

91



(Panunuod)

Ajuo ajdwes uon
-ednpa |ejualed
J9MO] U] UIS SeM
syuup You-Ab1a
-Ud JO 3¥ejul Uo
19943 "uondwns
-uod A4 pa129y
-Je UOIUdAIIU|
siib
1o} J0u Inq shoq
10} (Ymoub seaul|
Aq umoys) ssew
ues| Jo uonan
-Je pasealdul Inq
SSew 1ej 129)je
Ajpueoyiubis Jou
pip uondwnsuod
abelanaq ul sbuey)

(85°0 = d) dnoib
|0JIUOD Ul %/°9 SA
dnoub uonuanialul 9y} Ul
95970 UM %9°GL *(£50°0
= ) dnoib jo13u0d 3y}
ul %81 sA dnoib uonuaa
-191ul 3y Ul ybramiano
Buiaq %61 yum ‘dnoib
UOIIUSAIDIUI U] PIAIDS
-go sem JyBIaMIDA0 sS3|
J0 puai] 'sdnoib j013u0d
pue UOIIUIAIDIUI UDDIM)
-9q edyiubis Ajjeansn
-B]S JoU sem A}Saqo pue
1yB19MISA0 JO dUBleAdId

(B 110 + 29°0)
dnoub |013u0d Ul ueyy
(6% 1'0 = 76°0) dnoub

UOIJUSAIRIUL UJ J9)edlb
sem ssew Apoq uea

1000 > d ‘(8€C
-91°1L) 99'| sem dnoib
|0J3u0d ul sA dnoib uon
-USAJRIUI U] SHULIP 310
-|e3-yb1y jo uondwnsuod
Mo jo onel sppQ ‘sdnoib
[0J3UOD pUB UOIJUIAID)
-ul yroq buowe paseasn
-ul SyuLIp auoex-ybiy jo
uondwnsuod moj ‘ow 8|
191y *(L0000 > d) SHuup
auojed-ybiy jo uon
-dwnsuod mo| pauodai
dnoib jos3u0d jo
%/’ [t pue dnoib uonuan
-131U1 JO %409 :0W 9 JAYY
dnoJb [0o13u0d ul sbueyd
jou pip pue dnoib
uolIusAIRIUI Ul p/b 0SH
Jo ueaw e Aq pasean
-up ayeyul I "dnoib
[o13u0d Ul p/b 9°€€
¥ 6’1/ £q pasea.ou| pue
dnoib uonuanaur ut p/b
LLE F 0'LLL— o uesw
e Aq paseadap ayelul gss

ow g|
13)je pue ow
9 13)je udye)
SjUSWIAINSEIN
ow g| :uopeing
uonuIAIRUI
paseq-|ooyds

uonuUAAIUI
JO pua

e JUSWINSeI||

ow ¢ :uoneing
UOUIAIIU

paseq-awoH

UOIURAIRIUI SIY}
ul papnjpul sem jusuod
-WO0D JUSWIA|OAUL [eJUBIRY

‘uoljewdoyul buiiod
-dns yum wuopeld 1ou
-191Ul Se [|9m se sabessaw
9|dwis Buipiroid spaed diy
papnjpu| ‘sbuos yum gd
ybnouy: Ananoe jedisfyd
Buisea.dul pue ‘sgss jo
uondwnsuod paseanap
pue juswade|das buipnp
-u1 ‘sugey bupuup pue
pooy buikyipow je pawie
UOIURAIRIUI [eUOIIEINPT
dWoy woly sgss
anowas 01 pabeinod
-ud syuased Ajiwey 3y3 0}
papinoid a1am sabelanaq
paJaAIep 3yl bujwinsuod
INOQe SUO[IdNIISUI [_UOI}
-ednpa ‘pjoyasnoy ay3 ui
Buiiqis yoes Joy p/buinas
| papiroid pue swoy e
SIW PJIBAIRP SISIUORLINN

(sa4nseaw NG
Yum €9v) 89y =u
‘0w g| Jaye
‘|losauod ‘pajenjeny
(saanseaw |INg
Yum 998) 7/8 =u
‘0w g| J3ye ‘uon
-UaAJalul ‘pajenjend
(sainseaw |ING
Yum 99¢) 89y =u
:ow 9 Jaye
‘loJ3uod ‘pajen|en]
(sa4nseaw NG
Yum g¢eg) 058 =u
‘oW 9 Jaye ‘uon
-UaAJR1UI ‘palenjen]
G9g=u
‘JoJuod ‘ow g| I8y
00l = U :UOIIUDA
-J31ul ‘ow g| Jay

095 =u
:[043U0d ‘ow 9 I3y
6701 =Uu:uon

-UdAJ1U] ‘OW 9 RNV
A 9-¢ pabe uaipjiyd

8 = U :jo)uo)
05 = U :UOI3UdAIRIU|
86 = U :pajenjeAy
(s|u16 of pue
skoq z5) A 0L-8
pabe uaip|iyd 86

Kuewson
‘Yaruniy ‘udy
-punsabiapury|
Bunyng pue
‘uodal0Id
lawnsuo)
pue yijesH
‘JusWUOIIAUT JO
Ansiuiy uenieneg

VSN ‘YiesH
JO s2IN}IsU|
|euonen
PEIIC)
|euoneusay|
Aueboq

Auewan
‘elieneg

1£(6002)
‘e 12 Jaheg

)
+(8002)
‘e 1 efeqly

SUOISN|DUOD [[_IIAQ

SaWO02IN0
paiejai-yeay 13yiQ

(uonuansunsod
pue -2.d) uon
-dwnsuod gss ul abuey)

(pa1e1s
41 ‘pouad dn
-MO]|[0} ‘UOIIUDA

-191ul Jo uoneinp
pue adA1) bumas

UOIUSAIRIU|

syuedpiyed
JO sansuaeIRY)

92Inos buipun4

A1unod

EAlIEIETEN]

SaIpn]s papnppul ayY3 Jo sdisURIRIRY) 7 9/GD]

Nutrition Reviews® Vol. 76(2):88-107

92



(panunuod)

IWg utiou

ng sxejul gss

Ul 95e3123p 03 P3|

sa2In[ Bujuieuod

-1ebns yum sgss

JO Juswde|day

'S@SS 40 oxejul

buidnpal 03 uop

-pe ul pabeinodud
sem buiea AyyesH

$31025 Z |INg

pue ‘|ng ‘oxel

-ul gss ul sabueyd

juediiubis

JO uo1eAISqO

10} pamojje sas

-Kjeue dnoibgns

'skoq uj ueyy sj1b

Ul 9A1129J9 3Jow
SeM UOIJUSAIIU|

IWg 40} sdno.b |013u0d
puUB UOIJUSAISIUI USDM]
-9Q DUIBYIP [edNSIIeIS ON

(€000 =d
‘80— = dnoib uonuanial
-u pue €0'0=dnouib jon
-u0d :s|41b 40} 21035 Z [N
ueawl) skoq u1 Jou Inq
S|IB Ul U93S sem $310ds
Z ||Ng UO 10949 UOIIUDAID)Y
-ur ue ‘Areuiis *(#20'0=d
LW/BY 6L sA 0'6L ‘ING)
dnoub j013u0d> wouy spIb
yym pasedwod dnoib
UOIIUSAIIUL WOy S|ID
104 [INg uBdW U SE3IdUI
J9MO| B PIMOYS $1D3)4
uonuIAIRU| "pazhjeue
21om A || pabe uaipjiyd
(S9p=uonusnIaiul pue
658=[01U0d) HZEL ‘NG 104
(€107) "|e 12 puejaphin

"(99°0 = 4) jeaut dInf
u1 3seasnap edubis
ON (2’0 03 8L°0— ‘ID%S6
80°0—) dnoub j013u0d SA
(LL'0— 031 0€°0— "1D%S6
‘70— =aw) dnoib
uoluaAIalUL Ul (200
= () sepos jo uondwns
-U0D Ul 35e3.109p JuediIubIs

Spuaam Jo}
(¥0°0=d P/IP 6'L SA P/IP
|'z=ueaw) dnoib |013u0d
sA dnoib uonuaAIdul Ul
SJIB Ul Jamo| sem ayelul
gss ‘shkepyaam 1oy sdnoib
|0J3UOD PUB UONUIA
-19}U1 U99MIDQ DUIRYIP
JuedIUbIS ON "Passasse
9J9M sAepydam pue spud
-}99M 104 p/|p Ul elul
4SS JO Junowe pue e}

-ut jo fouanbauy :ow g 1YY

.(LL0T) "[e 32 pue||alg

ow 6 :uoneinq
UOUAAIIU
paseq-jooyds

ow 9| :uoneing
(Apnas
S1UIS3|OpY
ul yijeaH)
UONUSAID)

-U| paseq-|ooyds

uonUIAIRIUI SIY}
ur papnpur sem juauod

-WO0D JUBWDA|OAUL |eluled

*$159U0D
Bbuimelp pue bunim pue
‘smoys 19ddnd ‘sainow
Buiydlem ‘saydiays Jae
-9y} ‘saweb papnpul uols
-s9s Ajyuow Inoy-auQ
"SydeUS Passadoid pue
‘1ebns ‘sgss jo uondwns
-uo0d Buiseansp £q su
-qey bunes J1ayy abueyd
03 syuapnis buibeinod

-Us UO pPasnd0j} uoijuaAislu|

UOIIUSAIRIUI SIY}
ul papnjpul sem jusuod
-W0D JUSWSAJOAUL [RIUBIEY

‘uondwnsuod
113y} 35e3.109p 0}
moy pue sabeiansq you
-lebns 1noge sem 33y00q
Ul UoSS3| dUQ "sinoy
$S9224 40§ Juswdinba
suods pue ‘A Apjpam
‘s19150d ‘191004 JUSP
-N1S Y1IM SUOSS3| papnjdul
Ya1ym ‘saibareals [eyusw
-UOJIAUD pUue |euol}ednpy

8c=u
1]043U0D ‘pajen|en]
£LT=u:uon

-UaAJR1UI ‘palenjen]
|87 = U :|osauo)
€6C=u
:UonUBAIU|
(A1) ‘obe
ueaw) ualpiyd v£S

0/6 = U :|013U0)
ws=u
:UOIUIAIDI|
JUSWISSISSR
Kempiw ow-8 Jayy
G/6 = U :]01Ju0)
€9g=u
:UOIUIAIRIU|
A11
pabe uaip|iyd 91z

SUOISN|PUOD |[RIBAQ

S9WO02IN0
paiejal-yyeay Jay10

(uonuanszzunsod
pue -2.d) uon
-dwnsuod gss ul abuey)

(pa1e1s
41 ‘pouad dn
-MO||0} ‘UOIIUIA

-191u1 Jo uoneinp
pue adA1) bumas

UOIUSAIIU|

syuedpiyed
JO sonsuaeIRY)

lizeig
‘olaluer ap
Oy “(r43dv4) lizeig
oJlduer ap oly ‘oJIduef ap
Jo 91815 BY) ory ‘seixe)
10} uoiepuno ap anbnq
yoddns »e(€107)
yoleasay e 13 eyun)
Kemio ‘0[sQ
(€100)
‘le1w
puejapkin
KemioN pue
‘01sQ ‘|Puno) 2¢(5107)
YdJeasay 6 (110T)
ueibamioN  °|e 19 puejelg
A1unod
92nos buipuny ‘DUIRY

panunuo) 7 3jqu]

93

Nutrition Reviews® Vol. 76(2):88-107



(Panunuod)

SUOIIURAJIRIUL
pazijeuosiad 0}
anjea pappe uod
-dns |eauswuol
-IAuD pue poddns
[e3UDIRd "SHIB Ul
1o shoq ui 4a1eM
pue syuLp 1os 1o}
12349 ON ‘Moddns
|euased yum spib
Huowe sawodino
pajeaJ-1e) pa1ddy

-Je UOIJUaAIolU|

dn-mojjoy A-g

10 Juedyiubisuou
Sem [NIg uo 103}
-J3 33 sealaym
‘WJa) 1oys Joj
AJuo 1uapIAS sem

{IUI §SS U0 10943

dn moj|o4 A-z 1e 3590 JO
1ybramiano buiaq syusp
-njs Jo abeyuadiad Jo
M ‘|G U0 129J9 Jued
11ubls ou pey uonUIAIU|

(ow 6 421

-je) Jeak dlwapede ay) Jo

pus ay3 1e sp1b o skoq

Buowe punoy a1om uon

-dwnsuod gss uo saye
uonuaAaul JuedIubIS ON

duedyiubis ou pue

UOIJUSAJIIUI JO 129443 Ou
sem 313y} ‘dn-moj|04 A-Z 1y

‘ow ¥ 1e (#5°0)

1amo| a1am Aep Jad sgss

Jw 0o < bBulwnsuod jo

sppo ‘dnoib uonuaIdul u|

A | :uoneing
UOIUIAIRIUI
paseq-jooyds
Kze
pue auijaseq
1e painseaw
2J3M D\ pue
IWg “dn-mojjoy
A-z 1e pue ‘dn
-MOJ|0} OW-{
1e ‘duljaseq je
paJnseaw aiam
‘31p buipnp
-ul ‘siolneyaq
payiodal-)|as
M QL :uopeing
UOIUIAIRIUI
paseq-jooyds

UOIIUSAIRIUL SIY}
ul papnjpul sem jusuod
-WO0D JUSWIAJOAUL [RIUBIEY
"|ooyds 3y} UIYIM SHULIP
1Jos Jo AMjiqe|ieae sy}
Buisea.dsp pue Jslem pue
sad210yd> pooy Ayyeay jo
Aujige|ieae ay3 buiseasnul
pasudwod yusuod
-W0d [PIUSWIUOJIAUT "UOl}
-dwnsuod Ja1em asealdul
pue ‘uondwnsuod yuup
1JOS Ul 95B3.103p ‘O)e}
-ul A4 Ul 3seaunul :syebuey
[eJoineyaq 93iy] Jusuod
-WOd [BIUSWUOIIAUD dY}
payioddns pue sioineyasq
€ UO Pasnd0} UOIUSAIIUI
Jooyds yusuodwod awoy
e pue jusuodwod |ooyds
2 PIpN|DUl UONUIAIR]

pouad ¥M-Q| e J9A0 Suos
-$9| 8 9y} ulejdxs 03 ujWw
GL USAID 219m SIaydes ]
*Ad JO 3¥e1UI DY} 3seRId
-Ul pue sgss jo 9)ejul sy}
9seanap 03 bulwie (u
-191Ul 3y} UO d|ge|IeAR)
sa|npow g Jo bursisuod
UONURAJIRIUI Paseq-1aulaiu|

dnoib

|0J3U0D SE S|ooYydS
G pue ‘uoddns
|euased Jnoyum
S|00YDS UOIUIA
-J91ul Se sjooyds
G ‘poddns |eyuas
-ed yum sjooyds
UOIIURAJIDIUI Se
S|00Y2S G :S|ooyds

1 wouy spdnd 1667

86€ = U :J0J1u0)
sgy=u

:uonuoAlIalu|
Ael-z1

pabe uaip|iyd €88

wnibjag
‘UBAN3T YijesH
pue A)ADY
|ed1sAyd ‘vods
1o} anua) wnibjag
ydJeasay ‘siapuel4
Ao1j0d 159
93} pue jusw (£007)

-UIaN0B ysiwd|{ ‘| 13 sualseH

spuepayIaN
9yl

«(2100)

°19

polels Jo0N wepuozj

SUOISN|DUOD [[BIIAQ

S3WOdIN0
pajejaJ-y3eay 1ayiQ

(uonuaniaunsod
pue -3.d) uon
-dwnsuod gss ul abuey)

(pa1es
41 ‘pourad dn
-MOJ|0} ‘UOIIUDA
-19)U1 Jo uoneinp
pue adAy) buiniag

UOIIUBAIR|

syuedpiyed
JO sonspaeIeY)

Anunod

924nos buipuny ‘DUIRJRY

panunuo) ¢ /g

Nutrition Reviews® Vol. 76(2):88-107

94



(Panunuod)

puibeinodus
Sem suoin
-UaAJ2IUI Y10q JO
uoR3JIQg "Melul
4ss 104 Aep/sbul
-AJ3S Ul 35R3ID
-9p e pamoys
dnoib uonuania|

ow 9¢
J19)Je JUSpIAS 1ab
-UO| OU SBeM 1D3)J9
1S9pow SIy3 Inq
‘ow | 1e ualpjiyd
95940 pue ybram
-19A0 JO Jaquinu
9y} Ul uondNpal
e Y}IM pajeosse
SeM SyULIp paie
-uoqued Jo axelul
ul uondNpal jlews y

dUIJWN2IP
1s1em Jo ||Ng 4o} sdnoib
[0J1UOD pUB UOJIUDA
-19]U| U99MIDQ DUIBYIP
juedyiubis Ajjednsiels oy
TL'0=d ‘97’0 sem AW
‘88’1 Aq dnoib uonuan
-191Ul Ul paseadu] pue
¥1° A dnoib jo13u0d
ul pasea.dul |INg '90°0
=d'(Lz001000—)
0L°0 sem QI *(85°0
‘as) 10'0 — Aq dnoib
UOIUSAISIUI U] pIseaIddp
pue auljeseq wodj (€50
'as) 010 Aq dnoib joi
-U0D Ul paseasnul $a10ds
Z |INg d11dads-xas pue
-abe ‘A ¢ 1Yy (710 — 03
¥0'0— ‘dS ‘¥0'0 = AW)
91035 7 10 (€0
01 1'0— ‘AS‘€L'0=aw)
I Ul 92UI3Ip Juediiu
-bis ou sem a1y ‘A | 1YY

(60°0 01 6£°0— ‘1D%S6)
61°0— =AW uesyiubis
Kjleuibiew sem asealdap
s1y1 394 ‘dno.b uonuan
-191u1 3Yy Ui sj41b6 buowe
PaAISSCO Sem Uuol}
-dwnsuod gss uj aseanaq

suoleWI| dwil
0} NP paJnseawl Jou sem

SGSS JO MjeIul ‘oW 9€ 1y
SUUp
paieuogied bujuieluod
-lebns jo uondwns
-U0d U] UoIdNPaJ JURdYIU
-bis oN dnoub |013u0d Yy
Ul paseasdul pue (€°1-1°0
'D%S6 ‘£°0=aW) dnoib
|0J3U0D 33 SA UOIIUIA
-191U1 3y Ul pasea.dap
sabeianaq pajeuoqied |je

Jo uondwnsuod ‘ow 7| 1y

A z :uoneing
UOIIUSAISIUI

paseq
-Auunwwo)

ow 9¢

1e dn-moj|04
1eak jooyds

| :uoneing
(sjooyds
ul swwelbold
uonuANId
Ausaqo
Y2anyIsuYd)
UOIIUSAIDY

-u| paseq-|ooyds

‘P91ONPUOD UM
sbunesw Ajyyuow ‘ow
0T 1se| 9y3 Joj pue ‘syued
-d1ed yum pajnpayds
2J9Mm sbunesw ApPeam
ML asiy ayL AT
J9A0 PIIINPUOD SUOISSIS
€ papn[aul UoUBAIIU|
*>ed1Y3 |edos pue
Wa1$3-4|9S 03} paje|al
UOIIUSAJIRIUI BAJRUIDYE
ue paAlddal dnoub |0J3u0)
'sgssS
Jo uondwnsuod padnpail
Buipnpul ‘131p paduejeq
Ajjeuonnu e bujwns
-uod pue Ayanoe [ediskyd
Buiseasou; uo buisndoy
UONUIAIRIUI [eIOIARYDY

SYULIP 3SY] JO S1I3YD
|njuLIRY 3y} UMOYS 0}
sabeianaq pareuoqied ul
pasiawwl Y100} e uaAIb
Sem ssed yoea ‘uonip
-pe u] "Ad jo bunsey pue
J131em Jo bupjuup pajow
-0.d abessa|y “abessaw
9Y) pa3eIalial siaydes|
"W} jooyds Yyoea
Buunp uoissas uonednpa
Yijeay jeuonippe jo y |
Uo PasNd0§ UOIUIAIDIU|

£01-8
pabe spb sn €0g

6/C=U:0W | 1Y
¥0€ = U :suljseseq 1y
:|03u0d ‘pajrenjeny
Ser=uow gl iy
L9€ = U sul|aseq 1y
:uonuaAIUL
‘parenjen]
6L€ =U:j01u0)
sge=u
HUCMIEVVEMT]]
3
‘abe ueaw) £ | |-/
pabe uaip|iyd 779

SUOISN|PUOD |[RIBAQ

S9WO02IN0
paiejal-yyeay Jay10

(uonuanszzunsod
pue -2.d) uon
-dwnsuod gss ul abuey)

(pa1e1s
41 ‘pouad dn
-MO][0} ‘UOIIUDA
-191ul Jo uoneinp
pue adA1) bumas

UOIUSAIIU|

syuedpiyed
JO sonsuaeIRY)

vsn
‘AW ‘epsayag
‘33nnsuy| vsn
poolg ‘NI ‘stydwapy
pue ‘6un ,£(0L07)
‘JedH [euoneN  ‘|e 19 sabsapy
N ‘:o_uco._ _ucm_mcm_
‘uonepuno4 1S9MYIN0S
alebunybIN 0¢(£007)
adUaI0[4 3y} 1. (#007)
woJj diysiejoyds ‘|e 39 sswer
A1unod
92Inos buipun4 EAlIEIEIEN]

panunuo) 7 3jqu]

95

Nutrition Reviews® Vol. 76(2):88-107



(Panupuod)

ua.Ipjiyd
pabe-jooyds
Huowe Aysaqo
pue ybram
-JI9A0 BunuaA
-21d ul 9AIDRYD
sem syusuodwod
[BIUSWUOIIAUD
pue [euoiedNpa
Y}IM UOIUSAIDIU|

pawiNsuod sgss

40 Junowe ayy

ur sdnolb [013u0d

pue UOIIUBAIBIUI

U29MIDQ PANIDS
-0 DUIIBYIP ON

(9€0°0—S¥0°0 '1D%S6
%00°0—) Apuedyiu
-b1s Ja41p 10U pIp ‘s2102S
ds I\Wg aul|aseq 1o}
bunsn(pe ‘sdnoib j013u0d
pue UOIJUSAISIUI USDM]
-9 $24035 (5 |INg Ul
abuey)d (40'0 = d ‘860
—8%°0 '1D%S6 *69°0 = HO)
S|00YS |043U0D
SA S|OOYDS UOIJUAIIUI
ur uasp|iyd W brmIano
JO 9dusjeAaid Ul uondNpaY

dnoub |013u0d J0 uon
-UaAJRUl Ul uondwinsuod
Juup Yos Jo uondwns
-U0d 32IN[ UO 1139 Jued
-1jlublis ou pey uonuaAIR|

edyubls Jou sem
duIP9p sIy3 Inq ‘sdnoib
[0JIUOD PUB UOIUSAID)

-UJ Uf pauIP3p eIl gss

'sdnoJb |043u0d pue uon
-USAJI3)UI U33M]C DUD
-12y1p J9puab Juedyiubis
Ou Sem I3y} ‘uoiyppe
u] 'sdno.b |0.3u0d pue
UOIJUDAIIUI USIMII
auljaseq e jeyul gss ul
9DUIYIP JULdIUDIS ON
oam Jad awi | 1ses|
1e 9SS yuelp spib jo
%97 pue skoq Jo %947

ow 7| :uoneing
uonuIAIRUI
paseq-jooyds

K| 19ye

ue)} SHuBW.IN
-seaw dn-moj|o4

1eak Jjwap
-ede | :uoneing

UOIIUIAIRI
paseq-jooyds

[EIUSWIUOJIAUT
'9Jn3eu Ul }Ind
-11> J193em 3y} pue Apoq
3y} Jo syudwaiInbal
J191eM In0ge SuossI)
Wo0JsSed UIW-G7 104
:Jusuodwiod |euofiednp]
‘uaIp|Iyd ybramiano
JO S 3y} asealdap 0}
pawie pue uondwnsuod
191em paseanu djowo.d
01 syuauodwod |eyuawW
-UOJIAUD pUE |eUOlIeD
-Npa PapN|aul UOUSAIIU]
UOIIUBAIRIUI SIY}
ul papnjaul sem jusuod
-WO0D JUSWIAJOAUL [BIUDIRY
*f103y] aAnubo)
[e120S 3y1 Aq pawIo)
-U] SeM UOIIUSAJIR|
*951n0d bujuiesy
e papuaie Asy) Jaye
siaydealjooyds Aq pald
-AI|9P SeM UOIUSAIIU|
"SHULIP 1JOS pue 1sepjealq
A|leradss “131p Ayyeay
UO PasNd04 SUOSSI| ‘win|
-ndpund jooyds Arewnd
9y1 01Ul pajesbalul M
1ey} susauodwod [euoled
-Npa PapN|aul UOIUAIIU|
JUSWIAIONUD
9AIIsod pue “ydeqpasy
‘buiajos wajqoud ‘bul

-10)juow-J|as ‘buimas |eob

pue buip|ing ||Bjs papnp
-ul sanbjuyday |eioineyag

"UOIIUSAIR1UI SIYY

ul papnpul sem jusuod
-WO0D JUSWLA|OAUL |elualed

60€L=U

:|0J1u0d ‘parenjeAy
L¥y9L = u:uon

-UaAJR1UI ‘palenjen]
K 178 abe

uesw ‘uaippiyd 061€

9€/| = U :parenjend
(S1ew
%LS) A |, abe

ueaw ‘UaJpIyd €61

Auewson
‘uuog
‘uol3r30.d

Jawinsuo) pue

SUOISN|DUOD [[BIIAQ

S3WOdIN0
pajejaJ-y3eay 1ayiQ

(uonuaniaunsod
pue -3.d) uon
-dwnsuod gss ul abuey)

(pa1es
41 ‘pourad dn
-MOJ|0} ‘UOIIUDA
-19)U1 Jo uoneinp
pue adAy) buiniag

UOIIUBAIR|

syuedpiyed
JO sonspaeIeY)

‘21N ndLbY
‘poo4
Jo Ansiuiy
|esapa4 Kuewan
uewsn ay} 6¢(6007)
wolj 9Z0SHS0 e1s
"0U JUBID  JaNeqBPN
Auewan
‘uebnng
‘uoilepuno4 Auewan
Biaquiunm ac¥100)
-uapeg ‘e 13 |99
A1unod
921nos buipun4 EAIEIETEW]

panunuo) ¢ /g

Nutrition Reviews® Vol. 76(2):88-107

96



(panunuod)

uondwnsuod

4SS pue ‘AL

yum Bunes jejul
A "vd [enigey
‘IINg 104 uMoYs
SeM 9IUIPIAS OU
pue ‘quaniys 10u
SeM UOIJUSAJIDIU|
*sdno.b |013u0d Ul
sdoouy uey aiow
saulapInb buiea
Kyyjeay o1 pasay
-pe dnoib uon

-uanaul Ul sdoos )

el gss

U0 1723)43 Ou pey

uonuaAIdu| ‘sabe

-19A3q pue Spooy

asuap-Abiaua ‘Jud

-1INU-MO| JO e}

-ul Ul uonPNpPal

e PIMOYS UOIJUIA

-193U1 3y} PaAId
-91 OYM UIp|IYD

(92°0 = d) syuased
10 (¥5°0 = d) S4B 1oy

]G UO 1039 1uedubis ON  §SS U0 10349 uediiubis oN

el

(8£5°0 = d paxsnipe
'99'L = Y0) sdnoib yioq
ul paseaspul uondwns
-U0d gSS 90N "SI9pUnoy
-u0> 40§ Jusawisnfpe
19)J8 UIA3 ‘UOIIUIA
-19)U1 3y} JaYye pue 3.0}
-9¢ uondwnsuod gss uo
173JJ3 OU peY UOIIUSAIIU|

ow g :uoneing
uonUaAIRIUI

paseq
-fAuunwwo)

ow 9 :uoneinq
(I HUEINET]
paseq-jooyds

JUSWIDIOJUIDI PUE “JUSW
-9ueyUd AdedIYd-J|9S
‘Buipjing ||»s ‘buljapouu
3[04 buipnpui ‘A1oay)
9A1UbHO) |eOS Uo
paseg ‘sawli}jeaw 1e sgss
JO pealsul J91em ulp 01
sem siolneyaq palabiel
3y} Jo duQ ‘siapea| doosy
£q paJaAl|ap UOUIAIRIU
‘awoy 1e paia|d
-Wwod 3q 0} syuswubisse
POAISI3 S|ID) “JUSWSA|OA
-ul |euled pue jusuod
-WOD [BIUSWIUOIIAUD UM
UONUAAJIRIUI [eUONEINPT
K109y] aamubo) [enos
pue [9po|\ uorowoid
Y1|esH uo paseg
"OW 9 JINO SUOISSIS
7L papuane siaydes]
"sabelanaq Jay10 Jo el

-uj buibeinodsip pue el

-uj Ja1em buibeinodus Aq
191p Ay1jesy pajowoid
UOIURAJIIU| "UDIP
-]Iy> 03 pPAJIBAI|AP UOI}
-U9AJI)UI [euoIedINP? (7)
pue ‘siaydea} 0} paIaA|
-9p bujuied] () :syed g
Ul UOIUSAJRIUI [RUOIIRINPT
S9|10q Jajem
onseld paAIedal suapnys
pue ‘S|o0ydS UOUIAIS)
-Ul Ul pa)|eIsul 919M Sule}
-unoy Ja3em :usuodwod

Spb ge=u
:]o13u0d ‘parenjens
SHIb €€ =u :uon

-UaAJR1UI ‘palenjen]

S|IB zi = u :josu0)
sjb

$€ = U :UOIIUIAIIU|

A €1-6 pabe spin

(dnoub jo13u0d
ul €¢| ‘dnolb uon
-UanIaIl Ul LG)
67 = U :palenjeny
Az1-9
pabe uaip|iyd yor

vsn
‘S) ‘eado]
‘sesuey| ¥SN ‘sesuey
10} a1e) Y1|eaH 1,(0107)
:uopepuUNO4 ‘239
JOMOJUNS  ZUBLUISOY
|ebnuod
‘uogsn ‘(104)
eibojouda| [ebnuiod
3 epuID o(€100)

e ejed oedepun{  °|e 19 olIesSOY

SUOISN|PUOD |[RIBAQ

S9WO02IN0
paiejal-yyeay Jay10

(uonuanszzunsod
pue -2.d) uon
-dwnsuod gss ul abuey)

(pa1e1s
41 ‘pouad dn
-MO][0} ‘UOIIUDA
-191ul Jo uoneinp
pue adA1) bumas

UOIUSAIIU|

syuedpiyed
JO sonsuaeIRY)

A1unod

92Inos buipun4 ‘DUIRY

panunuo) 7 3jqu]

97

Nutrition Reviews® Vol. 76(2):88-107



(Panunuod)

131p UO UOIIUIA
~I33Ul JO 1D3Y3 ||ews

Ajuo

SHIb ybramiano

Huowe juedyiu

-b1s sem uondnp

-31 |INg "pautewsal

9yeyul dInf

|B10} padNpal 3zZIS

-eydws 01 pasu

3y} Inq ‘paseasd
-op o)l gss

(6000 = d) panies
-go sem ||\g Ul uoidnNpal
juedyiubls Ajjednsn
-e]S B ‘auljaseq e ybrom
-I3AO0 219M OyM s[I1b
Buowy (010 = d ‘900~
'1D%56 :1'0 = IINg ueaw)
sdnoJb [0J3u0d pue
UOIJUSAIIUI UDIMII
Juedyiubis Jou sem Jeak
|OOYds JO pud 0} duljaseq
woJy [Ng ul 3bueyd ues|y

g apeib UOIIUSAIRIUI

ul 21am SIy1 ul pspnpd
S1U9PNIS USYM -ul sem jusuodwod VSN
DEIETITEN JUSWA|OAUL [eJUdIRd ‘YA ‘elpuexs|y
yis pue yiy “1ebns pappe ‘uoneossy
pue !/ apeib yum sabesanaq pue sa1aqelq
Ul 9J9M Sudp ‘1n( 1n1y Yjiw 1ey-ybiy uedlRWY
-N1S Uaym ‘sial 9)eulwi|d 0} 3J9m sjeob 31 pue ‘ysn
Apnis -S9WIas pIE pue UollUaAJIIUl UonLINN ‘d ‘epsaylag
9y1 JO pud pue auljaseq pug ‘9 apeib ui ‘uonesunNwwod ‘YyesH
U99M13q dnoib |013Uu0d 919M SJuUspNIS pue ‘1o1AeYaq ‘uonedNpPa JO se1MNIsu|
9y} pue dnoib uopuaa usym 191 [ea1sAyd ‘uonianu :syusu |euonen
-191Ul 9Y3 Y10q Ul el -S9WIBS 15| :SI91 -odwod pajeibajul ¢ (dnoib ‘saseasig
gSS ul aseanul ue piem -SowRs Je|nbai JO Pa1SISUOD UOIJUBAIRIU| |0J3U0d Ul H61 Aaupry

-01 pPuUSJ} B SBM 1Y} :910N
'SgSS Jo oxeul
ueaw Joj sdnoib j013u0d
pUB UOIJUSAIDIUI USIMIDC

QduJRYIp uedIubIS oN
(ese3123p %) P/TW 08T
0} p/TW 76T WOJ) paseald
-9p S}uLp pajeuoqied

40 el :dnoib |osu0)
(800 = d) Apyburs
paseasnul uondwnsuod
aInf uniy Ing ‘(€00 = 4
‘9583.103p %€ET) P/1W 87T
01 p/TW G6T WOJ) Paseard
-9p S}uULp pajeuoqsed Jo

elul :dnoab uonuanIau|
‘dnoib
1043U0d 3y} sA dnoib uon
-USAJIIUI Y3 Ul UofdNp
-91 19)eaib ploj- & yum
‘sdno.b yjoq uj paseasd

-9p ¥eIul BPOS UBS|\

S Ul paJanl|

-op UOIUaAIL1U|
(Apnis H1TYIH)
UOIlUsAIa]

-u1 paseq-jooyds

ow / :uoneing
UoIUBAIRIU
paseq-jooyds

"yoea paiybiyby

away} dypads | ‘sawayy

JuaIaylp buiziseyd

-W s)usuodwod [eusW
-UOJIAUD pUB |euol}ednpy

Kpnis
SIY} Ul P10OU Sem Jusw
-9A|0AU] [RIUBJRd paNIWI]
"191eM UM SgSS
9oe|das :abessaw ule|y
"S3[130q 191eM JO UOIS
-In0id pue ‘sisuueq ‘san
-IA112B WooJssepd ybnoiyy
PaJaAI9p uonedINP]
"9)ejul gSs 95np
-9J pue 3de|dal 03 uon
-dwnsuod Ja3em jowoid
ey sabessaw adwis
Buiziseydws (suoissas y-|
X Q1) weiboid jeuoryednp]

pue dnoib uon
-UaAI3IUI Ul Y96 1)
806E = U :pajenjeny
Ay1-0L
pabe uaipjiyd> €09t

g6 =u
|0J3U0) ‘parenjens
ey =u:uon
-UaAJIR1UI ‘palenjen]
809 = U :|0J3u0)
9¢s=u
{UOIUSAIIU|
£z1-6
pabe ualp|iyd ovLL

pue aAnsabiqg
pue sa1agelq
Jo 3nysu|
|euoneN

dY} WoJj sjueiD

|izeig "eljiseig

‘[1DUNO)

yJeasay
|euolien ueijizelg

vsn
2(L107)
‘le1®

zy-ebals

lizeig
<,(6002)
‘e 39 LRIIS

SUOISN|DUOD [[BIIAQ

S3WOdIN0
pajejaJ-y3eay 1ayiQ

(uonuaniaunsod
pue -3.d) uon
-dwnsuod gss ul abuey)

(pa1es
41 ‘pourad dn
-MOJ|0} ‘UOIIUDA
-19)U1 Jo uoneinp
pue adAy) buiniag

UOIIUBAIR|

syuedpiyed
JO sonspaeIeY)

92Jnos buipun4

Anunod
EAIEIETEW]

panunuo) ¢ /g

Nutrition Reviews® Vol. 76(2):88-107



*92UJ3jWindJID 1SIem )

‘UOISINIRY ‘AL ‘s919qeIQ 7 9dA] dlIRIPad JUSARI JO 1831] 03 SAIPNIS ‘AZL-ddOLS ‘obeianaq paua

-19ams-1ebns ‘gss ‘A1ande [edishyd ‘vd ‘9oualayip uesw ‘g 2|qe1aban pue 1niy ‘A4 ‘sisbeuas] ul uonuaaIalu| AUSSqO Y2Ing ‘1104 Dsip 1edwod ‘gD xapul ssew Apoq ‘|G SU0iDINGIqQY

Jloineyaq
yyjesy paiab

-1e} 9y} UO 1D3)4d

OU pey UoNUIAIIU|

SHIB Ul ssauydIYy}
plojuys Jo wns
uo pue ‘wid) buo)
pue yioys yioq

ui ‘syuedidiyied

||e ul 2)ejul gSs
UO S1D344d dARISO

(7
L W/B)SS6L=INg) |01}
-Uod pue (z/'L ‘as ‘,w/by
€5°6L=IWg) uonuaRuI]
sdnoJb |0J3u0d pue uon
-U9AJIDIUI U9IMID] |INg
u1 abueyd ou pauodal
w(€L0T) [@ 12 UdYBUD UeA
sKoq ul ssauydIY}
Jeindedsgns pue ‘sdad
-1q ‘sda214} UO PaAISSqO
S1294J9 UOIUSAIIUI JURD
-jlubis ‘ow g 1y ‘dnoib
uonuaAIRUI SA dnolb
[0J3U0D Ul SAOQ Ul JISMO]
Ajpueoyiubis sem N ‘ow
0z 1e JanamoH ‘dnolb
[013u0d sA dnoub uoiuaA
-193U1 Ul Jamo| Ajpuediyiu
-bis sem Y\ :skoq ‘ow g 1y
(ow oz 12 WW 07— pue
ow g 1e ww ¢'z—) dnoib
1043u0d ul ueyy dnotb uon
-UdAJI)UI Ul S|IB Ul Jamoj
SSOUYDIY3 PIOJUIS JO WNS
([e€'0—01 €L — "1D%S6]
ww /'0— :sdnoib |01u0d
puE UOIJUIAISIUI UMY
-9q abueyd u1 dUIBYIP)
SSauDIY} plojupis sdad
-1g UO $1294J9 UOIIUSAIIUI
juedubIs SpIb ‘ow 07 W

juedubis

jou sem sdnoib

|0J1U0D puUB UOIIUSAID)Y

-Ul U99MIDQ ddUaIRYIa

*(dnoJb [011U0d Ul %6’/

0} %¢ €€ woly pue dnolb

uonuaAIdul Ul dn-moj

-|0} 18 945G 01 duljaseq e

05Z€ W) 3seasnul) Aep

13d sasse|b ¢ > bupjuup

uaJp|Iyd jo abeyuad

-1ad Jaybiy e payodas
p(7107) "2 19 UDBUD ueA

sdnoJb usamiaq 95uaiay
-JIp JuedlubIS ou oW 07 Y
(9sea103p 9%97)
p/1W 17— :s|IB ‘ow
Tl 1e {(3sea.d3p %/'07)
p/1w gz :shoq ‘ow 71 1y
(9583.109p %6°€T)
P/1W 67— :SIB ‘ow g
1e {(35e3123P %5°57)
p/1w £8Z— :shoq ‘ow 8 1y
dnoib
uonuaAIR| Ul S|Ib
pue soq U1 1amo| dye}
-ul gss :ow ¢| pue ow 81y
:s101ARYDq
Kieyalp ui sabueyd

dn

-moj|o} -z snid
ow 9 :uoneing

UOIUIAIRI
paseq-awoH

ow (O pue ow
71 e dn-mojjo4
ow g :uopeing
(L'oq)
UOIUDAID)
-Ul paseq-|ooyds

Kep Jad sasse|b g uey

9JowW J0u 0} 5gsS Jo bul

uup ay) buniwi papnp
-Ul SUOIIUSAJRIUI [eIOINRYDY

ow g pue’e’y

JO s|eaJlul Je syudled 0}
PaJ3JJ0 suoIssas bulsuno)

Apmis siyy

ul papnppul sem jusuod
-WO0D JUSWIA|OAUL [eJUBIRd

juswabeinodua

|eos pue

‘sabueyd [eIUBWUOIIAUD
‘buinas |eob ‘piemal uon
-enjeAs pue bunoyuow
-J|9s :buipnpui ‘ebueyd
|eI0INRYI( JO SPOY1aW
paieibaiul pue [0>0104d
puiddew uonuaniaul ue
pasn uonuadul 104
“131p 3Y} WOJ4 SYdeUS
Kbi1aua-ybiy pue sgss

JO uoneUIWIS 3y} P20y
-ulaJ sabessaly suos

-S3 || Ul papnpoul sem
uonuaAIRUI 1104 By}

30 usuodwiod [euoned

0¥l = u:jonuo)
vsL=u

:uonuaAIRU|

‘10T ‘parenjeny
cc=u

DM ‘|o4u0)
ogc=u

‘INg ‘louo)
9¢=u

DM ‘UonUSAIRIU|
LL[T=U

[Ng ‘UoiUaAIIU|

‘€10T ‘parenjery

887 = U :|J0J1u0)
6ve=u

:UoljuaAILu|

/€9 = U :duljaseq

A g pabe uaipjiyd

saileuuofisanb
9y pasajdwod
€16 pue sainseaw
duawodolyiue
pey /8 :ow 07 3
saileuuonsanb
ay1 pa1ajdwod
/€6 pue sainseaw
dswodolyiue
pey 0z6 ow 7l v
salieuuonsanb
9y pasa|jdwod
086 pue sainseaw
SlRWodolyiue
pey LeoL 0w 81y
9/t = U :|01u0)
e9=u
:UOIUIAIRI|
Ayl-tL
pabe uaip|iyd> 8oL L

SUOISN|PUOD |[RIBAQ

S9WO02IN0
paiejal-yyeay Jay10

(uonuanszzunsod
pue -2.d) uon
-dwnsuod gss ul abuey)

(pa1e1s
41 ‘pouad dn
-MO][0} ‘UOIIUDA
-191ul Jo uoneinp
pue adA1) bumas

UOIUSAIIU|

syuedpiyed
JO sonsuaeIRY)

SpuelayIaN SpueayIaN
Yy} 9yl
‘anbey ay] (71020
‘(Apoq Buipuny W (€107)
Jofew) mpuoz ‘e
WoJj JUeID)  UINYILD UeA
(DYN-4HN)
uonepuno4
1eaH
SpuepayiaN
3y} wiouy
uonuanaid SpuelaylaN
uieb ybram Y}
awuwelb ‘wepJlarswy
-o0id youeas (6002)
-9J SpUBIBYIaN ‘le 12 ybuis
A1unod
92Inos buipun4 ‘DUIRY

panunuo) 7 3jqu]

99

Nutrition Reviews® Vol. 76(2):88-107



Data synthesis. For the meta-analysis of continuous out-
comes, the mean differences (MDs) in the consumption
of SSBs of all trials were pooled using a random-effects
model. Following recommendations in the Cochrane
handbook,*® the unit of outcome data was converted to
a standardized scale before pooling measures. For the
change in SSB intake, the unit of measurement used
was milliliters per day (mL/d). A nutrient analysis soft-
ware was used for converting equations and units in
this review; for example, 1 g of sugar-sweetened fluid is
equivalent to 1 mL, and 1 glass of sugar-sweetened fluid
is equivalent to 240 mL (NutritionistPro software, ver-
sion 7.1.0, First Data Bank, Axxya Systems, San Bruno,
CA). Instead of crude body mass index (BMI) measure-
ments, BMI z scores were used to assess change in BMIL.
Body mass index z scores, which are equivalent to BMI-
for-age percentiles, are measures of relative weight
adjusted for child’s age and gender that are calculated
using appropriate reference growth charts*® such as the
Centers for Disease Control and Prevention growth
charts,*” the World Health Organization growth
charts,”® or other country-specific references. When
units could not be converted, the trials reporting those
units were not included in the meta-analysis.

RESULTS

Figure 1 shows the detailed steps of the literature search
and screening process. A total of 16 trials were included in
the systematic review, of which only 3 were included in
the meta-analysis of the primary study outcome. Of the 16
trials included, 12 were school based, 8 of which included
educational approaches alone (not combined with envi-
ronmental interventions), whereby the reduction in SSB
consumption of children and adolescents was one of the
main targeted behaviors.'>'”***%4%% The remaining 4
school-based trials included a combination of educational
and environmental components.'®'>******%* As for the 4
non-school-based trials, 1 included an educational inter-
vention only,**** whereas 3 others included both educa-
tional and environmental interventions.”>*”*" Details
about all included trials, including characteristics of study
participants, type of intervention (school or community
based), duration of intervention, and length of follow-up,
are shown in Table 2.

Effects of interventions were explored on the basis
of primary and secondary outcomes of the review.

Reduction in SSB intake (primary outcome)
Of thel6 included trials evaluating change in SSB in-

take, only 3 provided statistical data that could be
pooled into a meta-analysis. Two of these were
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conducted in a school-based setting'>* and 1 in a

home-based setting.”” The first school intervention,
conducted by Muckelbauer et al.,” included educa-
tional and environmental components, whereby four
45-minute classroom lessons highlighting the water
needs of the body and the water circuit in nature,
among other nutrition messages, were provided to stu-
dents by trained teachers. In addition, the intervention
component included installing water fountains in inter-
vention schools and providing students with plastic wa-
ter bottles to be refilled during the school day. The
intervention group in the school trial conducted by
Sichieri et al."” received only an educational program,
which consisted of ten 1-hour sessions supported by
classroom activities, banners, and the distribution of
plastic water bottles to all students. In the home-based
study conducted by Albala et al.,”* milk was distributed
to children at home, and parents were provided with
educational instructions supporting the consumption of
the delivered beverages and the removal of SSBs from
the home environment.

The meta-analysis of these 3 trials (n = 3004 partic-
ipants) showed that behavioral and educational inter-
ventions are associated with a trend toward reduction
in SSB intake compared with no intervention; however,
this trend did not reach statistical significance [MD,
—283.54; 95%CI, —642.65 to 75.57; P = 0.12)
(Figure 2). The I? value indicated that the percentage of
the variability in effect estimates, which is due to het-
erogeneity rather than to sampling error (chance), was
very high (I = 99%). Thus, the outside-the-school
study conducted by Albala et al.** was removed from
the meta-analysis. Sensitivity analysis excluding this
study reduced heterogeneity (I* =6%) while increasing
the overall strength of the results to borderline signifi-
cance (MD, —26.53; 95%CI, —53.72 to 0.66; P = 0.06).

Reduction in prevalence of overweight and obesity
and reduction in BMI (secondary outcomes)

Two trials assessed the change in overweight and obesity
status and reported change in terms of prevalence.'>'”*
The Christchurch Obesity Prevention Programme in
Schools (CHOPPS) trial conducted by James et al.*® was
focused primarily on discouraging the consumption of
soft drinks among children in southwest England and
replacing this behavior with a healthier one. The authors
found a significant difference in the prevalence of over-
weight children between the control and intervention
groups at 12 months after the study initiation, but that dif-
ference was smaller and nonsignificant after 3 years.”® In
the school trial by Sichieri et al.,'” the significant decrease
in the intake of carbonated beverages was not coupled
with a significant decrease in obesity prevalence. On the
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Figure 2 Forest plot showing the reduction in sugar-sweetened beverage (SSB) intake in the intervention and control group (no in-
tervention) in children in schools (1.1.1), outside schools (1.1.2), and overall. A random-effects model method was employed to calculate

standardized mean difference with 95%Cls.

contrary, prevalence of obesity increased in both arms
within that study, although the difference did not reach
statistical significance.

In addition to overall prevalence of overweight and
obesity, change in BMI was reported in 11 trials that
were included in this review. However, only 3 trials
reported this change in terms of age- and gender-
adjusted BMI z scores, which could be pooled into 1
analysis.'”>**®*® The 2 school-based trials included in
the meta-analysis, ie, the educational CHOPPS inter-
vention by James et al.'”*® in the United Kingdom and
the combined educational and environmental interven-
tion by Muckelbauer et al.>® in Germany, focused on in-
creasing water consumption and reducing the
consumption of carbonated beverages and sweetened
drinks. Similarly, the out-of-school intervention con-
ducted by Albala et al.* in Chile focused on reducing
SSB consumption by providing milk as a healthy re-
placement within the home setting, along with support-
ive educational messages. The meta-analysis of the 3
trials, which included 3474 participants, found that be-
havioral and educational interventions, compared with
no intervention, had no significant effect on the reduc-
tion in adjusted BMI z scores (MD, —0.01; 95%CI,
—0.05 to 0.03; P=0.71) (Figure 3). The percentage of
the variability in effect estimates that could be attrib-
uted to statistical heterogeneity rather than to sampling
error (chance) was moderate to high (I =60%). In ad-
dition, the test for subgroup effect was not statistically
significant for the subgroup analysis (in-school inter-
ventions vs out-of-school intervention), with a P value

Nutrition Reviews® Vol. 76(2):88-107

of 0.27. None of the other health-related secondary out-
comes, as defined for the present review, were assessed
by the trials included in this review.

Quality of the evidence

Overall, the quality of the evidence from the 16 trials in-
cluded in this review, as assessed separately by 2
reviewers, was considered moderate, given that the ma-
jority of the studies scored “low risk” in the domains re-
lated to selection bias (random sequence generation),
attrition bias, reporting bias, and other bias. In addi-
tion, slightly less than half of the studies scored low in
the domain related to performance bias, which includes
blinding of participants and personnel. The majority of
the studies scored “unclear risk” in the domain of allo-
cation concealment. However, more than a quarter of
the included studies scored “high risk” in the domain
related to detection bias (blinding of outcome assess-
ment), with the remaining studies scoring between low
and unclear risk. Figure 4 shows a summary of the risk-
of-bias assessment across all included studies. A more
detailed justification supporting the judgments on each
of the risks of bias is provided in the risk-of-bias figure
shown in Appendix S4 in the Supporting Information
online.

DISCUSSION

This systematic review aimed to assess the effectiveness
of educational and behavioral interventions in reducing
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Figure 3 Forest plot showing the reduction in body mass index (BMI) z scores in the intervention group relative to the control group
(no intervention) among children in schools (1.3.1), outside schools (1.3.2), and overall. A random-effects model method was

employed to calculate standardized mean difference with 95%(Cls.

Random sequance generation (selection bias) | .

Allocation concealment (selection bias) | I I

Blinding of and personnel bias) | | -
Blinding of outcome assessment (detectionbiasy [ | |
Incomplete outcome data (affrition bias) | I -

Selective porting bias) [ I -

Other bias [ =

IrI:I% 25‘% 50“'& ?EE% 1 EII]"b;

[ClLow risk of bias [l unciear risk of bias W High risk of bias |

Figure 4 Risk of bias across all included studies.

SSB intake among children and adolescents aged 4 to 16
years and to determine the impact of such interventions
on change in body weight and other related health out-
comes. Overall, educational and behavioral interven-
tions included in this review, when compared with no
intervention, were found to be successful in reducing
SSB intake as the primary outcome among children and
adolescents. Meta-analyses of a subset of included stud-
ies validated results from individual trials showing that
the trend toward reduction in SSB consumption
approached statistical significance in those studies con-
ducted within school-based settings (P =0.06).
However, there was insufficient evidence to support a
positive effect of these interventions on secondary out-
comes such as a reduction in the prevalence of over-
weight and obesity among children and adolescents as
well as other physical measures such as change in BMI z
scores adjusted for age and gender.

The present review goes beyond pooling results
from various trials into 1 meta-analysis, as it examines
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the characteristics of interventions and the different
approaches used to change the behavior of children and
adolescents toward SSB consumption. School-based tri-
als were examined separately from home- or commu-
nity based trials, and the different intervention
strategies and techniques used to implement an educa-
tional vs a combination of educational and environ-
mental interventions were elaborated in light of the
existing literature.

Effect of school-based educational and environmental
interventions on reduction of SSB intake

Twelve school-based trials were included in this review.
Results from the meta-analysis of 2 school-based tri-

1539 showed a trend toward reduction in SSB intake

als
among young children in the intervention groups com-
pared with the control groups, and this trend
approached statistical significance. This finding was in
line with results reported in 6 of the remaining 10
school-based trials,'”!*?134>43

There are several reasons for the positive impact of
school-based interventions in reducing SSB consump-
tion. First, schools are well positioned to conduct edu-
cational and behavioral interventions, since children
spend prolonged periods of their day within this setting.
At school, children can receive developmentally and
culturally appropriate didactic lessons and be involved
in interactive activities that promote healthy dietary and
lifestyle behaviors.'”®! In addition, schools provide

Nutrition Reviews® Vol. 76(2):88-107



children with practical opportunities to translate
learned concepts from the classroom setting to daily be-
havioral choices reflected in the foods selected from the
cafeteria, vending machines, fundraising activities, and
other school-based events. In fact, the school environ-
ment can dictate what foods and beverages are offered
or sold within the school and how these choices can ne-
gate or reinforce nutritional messages delivered through
the curriculum and other supportive educational strate-
gies. Furthermore, children have the opportunity to
learn from their teachers, who can serve as role mod-

615,51’52

and from their peers, through observation of
peer behaviors and direct personal interaction. In fact,
peer influence is considered one of the main factors
that can contribute to the change in dietary and lifestyle
behaviors of adolescents and has been suggested as an
integral component in prevention and intervention
efforts aimed at promoting and maintaining healthy
behaviors.”

Another possible reason for the success of school-
based interventions is the use of behavioral change the-
ories in the design and implementation phases. The
Social Cognitive Theory and the Theory of Planned
Behavior were the most commonly used behavioral
change theories in the included trials,'®?*?>8-4043
These theory-based educational interventions included
a number of constructs that can be summarized as fol-
lows: increasing the confidence of children and young
people (self-efficacy); developing the knowledge and
skills needed to change targeted behaviors (behavioral
capacity); and role modeling of healthy behaviors (ob-
servational learning). However, only 1 trial, namely the
Dutch Obesity Intervention in Teenagers, conducted
among 12- to 14-year-old schoolchildren in
Amsterdam,*>* assessed the impact of the planned
interventions relative to the mediators of change when
addressing  targeted  behaviors, including SSB
consumption.

The benefits of using theoretical frameworks and
constructs in the design of educational and behavioral
interventions targeting dietary and lifestyle behaviors
have been well established in the scientific literature.
These benefits include the ability of program planners
to specify methods for changing behaviors, identify the
timing and duration needed for interventions to be ef-
fective, and explore the combination of strategies that
can best lead to the anticipated outcomes.” In addition,
theories can assist researchers and program evaluators
in identifying what components of interventions suc-
ceed in changing mediating variables, which in return
can change the intended behaviors.”® Thus, robust
instruments need to be developed and used to measure
which components or constructs of theories can best

Nutrition Reviews® Vol. 76(2):88-107

explain the reasons behind the success of
interventions.”

Other factors that may explain the effectiveness of
school-based interventions in reducing SSB intake in-
clude parental involvement. A commonly used strategy
for involving parents in 7 of the school-based tri-
als!> 11271343842 4y this review was the dissemination
of educational materials in the form of booklets, tip
cards, and fact sheets that promote healthy eating, in-
cluding the reduction of SSB consumption and replac-
ing SSBs with healthier alternatives such as water and
unsweetened milk. These materials are intended as
reminders for parents to reinforce at home those mes-
sages that children receive at school. In fact, research
has shown that involving families and parents in
school-based interventions targeting the dietary behav-
iors of children can be effective, particularly among pre-
schoolers and young children.”* > Parents can play an
important role in guiding the dietary intake and physi-
cal activity of their children by providing adequate and
healthy foods at home, encouraging children to con-
sume adequate amounts and types of foods, modeling
healthy behavior, and encouraging children to be physi-
cally active while at home or at school.

Four school-based trials in this review utilized envi-
ronmental strategies in addition to educational compo-
nents within the classroom to change the availability
and accessibility of soft drinks and to promote water as
a healthier alternative.'®*>** It is worth noting that
these environmental strategies are in line with the
school policies and programs that have gained momen-
tum over the past decade in an attempt to prevent, if
not reverse, the problem of childhood obesity through
limiting the consumption of low-nutrient, energy-dense
beverages, including SSBs.”®™®' Despite these policies,
researchers disagree about whether limiting the avail-
ability of sodas is sufficient to reduce soda consumption
if other nonsoda energy-dense SSBs are still available
within schools and if specific nutritional guidelines for
all competitive foods and venues are not implemented
as part of school policies.®” This is addressed in the trial
of Sichieri et al.,'® included in the current review, which
shows that the reduction in SSB intake within a school-
based intervention was accompanied by an increase in
the intake of powdered fruit-flavored juice drinks,
which have a higher sugar content than the regular
sodas. Thus, evidence suggests that efforts aimed at de-
creasing energy intake through liquids should focus on
all SSBs, and not just sodas. Furthermore, these studies
highlight the need for more than policy- and
environmental-level changes to achieve the desired be-
havioral change among children and young people.
Environmental interventions alone, without educational
interventions at the school level, may not be sufficient
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to change the attitude and preference of children to-
ward the various types of SSBs and might be inadequate
to achieve the buy-in of students, who are the main tar-
get group of such programs.

Effect of out-of-school educational and environmental
interventions on reduction of SSB intake

In this review, 4 trials were conducted in out-of-school
settings: 2 were home/family based,”*** 1 was commu-
nity based,”' and 1 included a mix of community- and
family-based interventions.”” One trial used an edu-
cational approach only,”” while the remaining 3 trials
included a combination of educational and environ-
mental components.”>*"** It was not possible to pool
the results of the 4 community-/home-based interven-
tions into 1 meta-analysis because the effects of the
interventions were reported differently. Nevertheless, 2
of these trials showed independently a significant re-
duction in SSB intake favoring the intervention,”*”
whereas the other 2 showed no significant effect.
The first trial that showed a positive effect included the
delivery of milk to homes, combined with minimal sup-
portive educational material,”® whereas the second,
more elaborate trial was based on the Social Cognitive
Theory and included 34 educational sessions conducted
over 2 years at local community centers.”” As noted ear-
lier, the use of theories of behavioral change, particu-
larly the Social Cognitive Theory, has been shown to be
effective in changing the dietary behavior of school-
aged children. However, the study by Klesges et al.’and
the 2 other trials conducted in out-of-school set-
tings,‘“’44 all of which used theoretical models, did not
explore the impact of these interventions on the media-
tors of change. Thus, it is still not possible to evaluate
what constructs best predict a change in behavior, as is
the case with educational school-based interventions.

41,45

Effect of SSB reduction on BMI and the prevalence of
obesity

This meta-analysis did not support a positive effect of
behavioral interventions targeting SSB intake on a re-
duction in the prevalence of overweight and obesity.
These results are not surprising, given that the only 2
trials identified to measure the change in prevalence of
overweight and obesity among children in this review,
those by Sichieri et al.'> and James et al.,'” focused on a
single message that included reducing soda consump-
tion, which may have been insufficient to limit excessive
weight gain. Obesity is a complex and multifactorial
problem,” and thus other dietary and lifestyle behav-
iors besides the consumption of SSBs may have contrib-
uted to excessive weight gain in children.®*"*® Another
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explanation is that compensatory behaviors may be
adopted by children when sodas are replaced by other
sugar-loaded, energy-dense beverages, including sports
drinks and flavored juices. The consumption of sugar-
rich beverages and low-nutrient, energy-dense foods as
a replacement for soda consumption may offset the re-
duced caloric intake, which in turn can lead to excessive
weight gain.'”

Furthermore, of the 11 trials in this review that
reported changes in BMI, only 3 provided statistical
data that could be included in the meta-analysis, which
showed no statistical difference between intervention
and control groups with regard to reduction in age- and
gender-specific BMI scores.”””>* In addition, no spe-
cific pattern or significant difference in the effect of
interventions on changes in BMI was observed when
subgroup analysis was conducted to compare school-
based interventions with out-of-school interventions.
According to the published literature, school-based
interventions have considerable impact on the health
behaviors of children and adolescents, yet results re-
garding the effect of these interventions on children’s
body weight, BMI, and other anthropometric measure-
ments are inconsistent.””>>® This may be attributable to
variations in study design, sample size, and duration of
the interventions. Other limiting factors may include
high dropout rates, lack of follow-up, and potential se-
lection bias, whereby generally only motivated families
permit their children to be enrolled and followed up in
these studies.””

STRENGTHS AND LIMITATIONS

This review has a number of strengths. It includes a rig-
orous methodology whereby explicit eligibility criteria,
an exhaustive literature search, and systematic
approaches to study selection, data abstraction, and
data synthesis were used. In addition, this review in-
cluded studies with single and multicomponent inter-
ventions conducted in various settings (school, home,
and community based) and in different countries.
Furthermore, the various characteristics of the studies
and the behavioral change techniques adopted in these
interventions were explored.

On the other hand, findings from this review need
to be considered in light of several limitations. The
overall completeness of the data from trials was a major
challenge: 13 of the 16 eligible trials could not be in-
cluded in the meta-analysis because of the variability in
scales used to report the outcomes of interest. These 13
studies would have contributed 17,555 additional par-
ticipants within the meta-analysis (as compared with
the 3004 participants actually included). In fact, this is a
common challenge in the meta-analysis of continuous
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outcomes, as different scales and units of measure are
often used, making it difficult to meta-analyze and in-
terpret outcomes from different interventions.”*® It is
also worth noting that there has been no clear consen-
sus about the minimum number of studies that can be
used in a meta-analysis.”” Nevertheless, according to a
study by Valentine et al.,” at least 2 studies are needed
to conduct a meta-analysis, given that other synthesis
techniques may be less transparent and are less likely to
provide valid results. Despite this limitation, most of
the trials included in the present review showed effects
similar to the findings reported from the meta-analysis
conducted of fewer studies within the same review.

As with other reviews, this systematic review may
have been subject to potential biases that could not be
accounted for, such as clinical heterogeneity. Such het-
erogeneity may be attributed to variability in the setting,
baseline characteristics of participants, or intervention
strategies of different trials. Nevertheless, the heteroge-
neity of trials was taken into consideration, as a
random-effects meta-analysis was chosen over fixed-
effects meta-analysis. The former is preferable because
it allows for differences in treatment effects between
studies.”’ In addition, as in other meta-analyses, publi-
cation bias is a potential concern. However, inspection
of the funnel plot in this systematic review produced
limited evidence of publication bias. Another limitation
of this review is the exclusion of non-English studies.

CONCLUSION

Findings from this systematic review indicate that be-
havioral interventions conducted in schools are possibly
superior to no intervention in reducing SSB intake, al-
though the evidence is still relatively modest. In view of
the importance of devising sound public health inter-
ventions and policies that aim to reduce SSB consump-
tion and associated adverse health outcomes, the
following guidelines are suggested for researchers and
reviewers: (1) develop and include well-designed pro-
spective cohort studies in addition to RCTs to increase
the pool of studies that might report on continuous out-
comes; (2) explore which theories and mediators of
change can increase the effectiveness of interventions
aimed at reducing SSB consumption and associated ad-
verse health outcomes, including obesity; (3) determine
whether single-strategy interventions (educational strat-
egies alone) are more effective than combined-strategy
interventions (with educational and environmental
components) in reducing SSB consumption; (4) exam-
ine whether interventions that target multiple behaviors
(eg, reduced SSB intake and increased water, fruit, and
vegetable consumption) are more advantageous than
single-component interventions in addressing the

Nutrition Reviews® Vol. 76(2):88-107

specific behavior of interest; and (5) utilize standardized
evaluation schemes to assist researchers in improving
their study protocols and minimizing risks of bias while
supporting the task of reviewers and public health pro-
fessionals in synthesizing the evidence to develop
sound, scientifically valid recommendations.
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