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ABSTRACT
Background In the context of a worldwide high prevalence of childhood obesity, the
role of sugar-sweetened beverage (SSB) consumption as a cause of excess weight gain
remains controversial. Conflicting results may be due to methodological issues in
original studies and in reviews.
Objective The aim of this review was to systematically analyze the methodology of
studies investigating the influence of SSB consumption on risk of obesity and obesity
among children and adolescents, and the studies’ ability to answer this research
question.
Methods A systematic review of cohort and experimental studies published until
December 2013 in peer-reviewed journals was performed on Medline, CINAHL, Web of
Knowledge, and ClinicalTrials.gov. Studies investigating the influence of SSB consump-
tion on risk of obesity and obesity among children and adolescents were included, and
methodological quality to answer this question was assessed independently by two
investigators using the Academy of Nutrition and Dietetics Quality Criteria Checklist.
Results Among the 32 identified studies, nine had positive quality ratings and 23
studies had at least one major methodological issue. Main methodological issues
included SSB definition and inadequate measurement of exposure. Studies with positive
quality ratings found an association between SSB consumption and risk of obesity or
obesity (n¼5) (ie, when SSB consumption increased so did obesity) or mixed results
(n¼4). Studies with a neutral quality rating found a positive association (n¼7), mixed
results (n¼9), or no association (n¼7).
Conclusions The present review shows that the majority of studies with strong
methodology indicated a positive association between SSB consumption and risk of
obesity or obesity, especially among overweight children. In addition, study findings
highlight the need for the careful and precise measurement of the consumption of SSBs
and of important confounders.
J Acad Nutr Diet. 2015;-:---.
I
N THE CONTEXT OF A WORLDWIDE HIGH PREVALENCE
of childhood obesity, the role of sugar-sweetened
beverage (SSB) consumption as a cause of excess weight
gain remains controversial.1,2 After a dramatic increase

during past decades,3 SSB consumption seems to have stabi-
lized or even decreased slightly in the US population.4 Howev-
er, SSB consumption remains an important contributor to total
energy intake and the main source of added sugars.5 A recent
study estimated that Americans aged 2 years or older consume
an average of 171 kcal/day (8% of the average total energy
intake) from added sugars in beverages. The top sources were
sugar-sweetened carbonated beverages, fruit drinks, tea, cof-
fee, energy or sports drinks, and flavored milks.6 In Europe,
a study carried out in eight countries showed that adolescents
consumed an average of 221 kcal/day from SSBs.7
Recently, experts and several systematic reviews and
meta-analyses have concluded that SSB consumption pro-
motes weight gain in children and adults.1,8,9 Some au-
thors10,11 have stated that SSB consumption may play a role
in obesity, but were more prudent about a causal rela-
tionship and highlighted inconsistent results. However,
some primary studies12,13 and reviews2,14,15 have concluded
the opposite.
These conflicting results may be due to methodological

issues in original studies and in reviews. A large portion of
the published studies on the association between SSB con-
sumption and obesity were not designed to answer this
question and suffer from diverse methodological bias.
Moreover, some reviews included cross-sectional studies that
are not designed to assess causality.
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The first aim of this review was to systematically analyze
the methodology of cohort and experimental studies inves-
tigating the influence of SSB consumption on risk of obesity
and obesity among children and adolescents, and their ability
to answer this specific research question. Second, conclusions
of studies were reviewed in light of the methodology quality.

METHODS
This systematic review of published cohort and experimental
studies examining the influence of SSB consumption on risk
of obesity and obesity among children and adolescents was
conducted according to a predefined protocol and followed
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement.16

Search Strategy
The literature search was performed with the following
electronic databases: MEDLINE (accessed via PubMed),
CINAHL, and Web of Knowledge. Searches included key
words relevant to any type of beverage (beverage, carbonated
beverages, sugar-sweetened beverages energy drinks, soda, fruit
drinks, and sports drinks) containing any type of sugar (sugar,
sucrose, fructose, dietary sucrose, refined sugar, sweetening
agents, and glucose) and weight or obesity (body weight, ad-
ipose tissue, body mass index, adiposity, overweight, obesity,
body weight changes, and body weight gain). Cohort studies,
interventions, and clinical trials were targeted and filters
were used to restrict the search to children and adolescents.
See Figure 1 for an example of the search strategy. The
ClinicalTrials.gov database was searched using the following
key words: sugar-sweetened beverage-s, soda, sweetened
beverage, weight, and obesity. In addition to the search of
electronic databases, the reference lists of all included arti-
cles, and pertinent systematic literature reviews were
manually searched to identify additional relevant publica-
tions. Conference abstracts and grey literature were excluded.

Study Selection
To be included, studies had to be published in a peer-
reviewed journal in English or French language up to
1. “Dietary Sucrose”[Mesh] OR “Sucrose”[Mesh] OR “Fructose
OR “sugar” OR “sucrose” OR “fructose” OR “sweetening ag

2. “Beverages”[Mesh] OR “beverage*”
3. 1 and 2
4. “Carbonated Beverages”[Mesh] OR “Energy Drinks”[Mesh]

OR “energy drink*” OR “soda*” OR “fruit drink*” OR “sport
5. 3 or 4
6. “Adiposity”[Mesh] OR “Body Weight”[Mesh] OR “Body Ma

“adipos*” OR “body mass index” OR “BMI” OR “overweigh
7. 5 and 6
8. “Cohort Studies”[Mesh] OR “Intervention Studies”[Mesh]

“trial*”
9. Filters: Child : birth e 18 years, English or French

Figure 1. Example of search strategy using MEDLINE for studies on
obesity in children and adolescents. Search strategy was modified
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December 2013 (since the inception of the database); include
healthy children and adolescents (aged �18 years) of any
socioeconomic and racial/ethnic group regardless of weight
status; use one of the following study methodologies: cohort
study (follow up of at least 12 months) or intervention study
(follow up of at least 4 weeks); address the exposure of in-
terest, which was consumption of beverage with any type of
added sugar (eg, fructose, glucose, sucrose, or high-fructose
corn syrup) and exclude studies targeting milk consump-
tion, because other nutrients like proteins or lipids may
confound results; address the outcome of interest (ie, weight
gain, body fat mass, overweight, or obesity); and provide
original data.
Studies that did not analyze the effect of SSBs indepen-

dently of other interventions were not eligible. The selection
of articles was performed in three steps, and Figure 2 de-
scribes this process. First, one of the authors (A.K.) selected
articles by titles. Then, the first author (S.B.D.T.) and second
author (A.K.) independently reviewed all abstracts. Finally,
potentially relevant studies were analyzed independently (by
S.B.D.T. and A.K.) with full-text versions to make a final de-
cision about inclusion. An external panel of three additional
experts helped to resolve discrepancies.

Data Extraction
One author (A.K.) conducted the data extraction, which was
then independently checked by a second author (S.B.D.T.).
Disagreements were discussed and settled through
consensus. The following data were extracted for each study
using a standardized form and following a defined protocol:
study characteristics (eg, authors, publication year, design,
aim, and geographic location); participant characteristics (eg,
sample size, loss to follow up, child age, sex, race/ethnicity,
recruitment, inclusion/exclusion criteria, and enrollment
year); exposure and measurements (eg, type of beverage,
serving size, type of dietary assessment, and type of physical
activity assessment); outcomes (eg, type of outcome,
assessment methods, and norms used); statistical analysis;
main results; secondary results; limitations; strengths;
funding; and final conclusions of the authors on the
”[Mesh] OR “Sweetening Agents”[Mesh] OR “Glucose”[Mesh]
ent*” OR “glucose”

OR “carbonated beverage*” OR “sugar-sweetened beverage*”
s drink*”

ss Index”[Mesh] OR “Adipose Tissue”[Mesh] OR “weight*” OR
t*” OR “obes*”

OR “Clinical Trial”[Mesh] OR “cohort*” OR “intervention*” OR

the influence of sugar-sweetened beverages on obesity risk or
for individual databases.
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Figure 2. Search and inclusion process flowchart of cohort and intervention studies to include in systematic review of the influence
of consumption of sugar-sweetened beverages on obesity risk or obesity in children and adolescents.
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association between SSB consumption and risk of obesity or
obesity.
For each of the following study designs, additional data

were collected. For cohort studies, cohort name and follow-
up duration were collected, whereas for intervention
studies and clinical trials, intervention description for sub-
jects and controls, compliance measurements, and blinding
were collected.

Methodological Quality Assessment
The methodological quality of each study was assessed using
the Quality Criteria Checklist: Primary Research of the
Academy of Nutrition and Dietetics.17 The content of the
Quality Criteria Checklist is based on the quality constructs
and domains identified by the Agency for Healthcare
Research and Quality.18 The checklist includes 10 validity
questions that address scientific soundness:

1. research question statement,
2. selection bias,
3. group comparability,
4. handling of withdrawals,
-- 2015 Volume - Number -
5. blinding use,
6. intervention regimen or exposure factors

description,
7. outcomes definition and measurements,
8. statistical analyses,
9. conclusions, and

10. potential funding bias.

The analysis allowed for the classification of the studies
into three categories: Positive (indicates that the report has
clearly addressed issues of inclusion/exclusion, bias, gener-
alizability, and data collection and analysis); Neutral (in-
dicates that the report is neither exceptionally strong nor
exceptionally weak); or Negative (indicates that the previ-
ously described issues have not been adequately addressed).
A positive answer to questions 2, 3, 6, and 7 and at least to
one additional question was necessary to obtain a positive
rating. If most (six or more) of the answers to the validity
questions were answered in the negative, the report received
a negative rating. Other articles were rated Neutral.
For the present review, answers to the 10 questions of the

checklist were specifically related to the research question of
JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 3
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interest (SSBs and obesity). Therefore, quality ratings re-
ported here are not representative of studies’ overall quality.
The first and second authors independently conducted the
quality analysis. Disagreements were discussed and settled
through consensus. If the data needed to answer the checklist
were only partially reported, the corresponding author was
contacted for details.

Data Analysis
Due to the heterogeneity of study methodologies and mea-
sures of exposure (eg, SSB definition and measurement tools)
and outcomes (eg, obesity, risk of obesity, and adiposity),
studies were individually described and synthesized in a
narrative form. Because this systematic analysis focused on
the assessment of methodological issues potentially affecting
conclusions, a comparison between methodological quality
ratings and conclusions as stated by study author(s) was also
conducted.

RESULTS
Search Results
As depicted in Figure 2, the initial literature search resulted in
1,416 potentially eligible articles. After title and abstract se-
lection, 128 full-text articles were screened for the final se-
lection. The evaluation of full-text articles resulted in the
inclusion of 29 cohort studies and 3 randomized controlled
trial (RCT) meeting the inclusion criteria.

Characteristics of Studies
Characteristics of included studies are detailed in Table 1
(cohort studies) and Table 2 (experimental studies).
Among the 32 studies identified to answer our

research question, 12 concluded that SSB consumption was
associated with an increased risk of obesity in children or
adolescents19-30 and 13 foundmixed results31-43; for example,
increase in girls but not in boys, among overweight children
but not normal-weight children, or influence on body mass
index (BMI) z score but not body fat percentage. Seven found
no association12,13,44-48 between SSB consumption and risk of
obesity. No study found a negative association.

Quality Analysis of Included Studies
These apparently discrepant results become somewhat
clearer when taking quality into consideration (see Table 3).
Among the 32 identified studies, fewer than one-third (n¼9)
had a positive quality rating. The other 23 studies had at least
one methodological issue potentially affecting the conclu-
sions. No study was found with a negative quality rating.
Details of the methodological quality rating are presented in
Table 3. Ultimately, studies with positive quality ratings
found an association between SSB consumption and risk of
obesity or obesity (n¼5) (ie, when SSB consumption
increased so did obesity) or mixed results (n¼4), whereas
studies with a neutral quality rating found a positive associ-
ation (n¼7), mixed results (n¼9), or no association (n¼7).
Results are presented in two parts. First, the methodolog-

ical issues in studies of neutral quality rating are detailed.
Second, the three RCT and six cohort studies with positive
quality ratings are presented.
4 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
Methodological Issues in Studies with a Neutral
Quality Rating
Twenty-three studies received the Neutral quality rat-
ing.12,13,24-30,35-48 The methodological issues noted were
mostly due to the complexity of assessing and measuring
dietary intake. Because the majority of these studies were not
designed to investigate the influence of SSB consumption on
adiposity, the dietary tools used to collect data on SSB con-
sumption were not optimal. The other problems were related
to the definition of SSBs and selection bias.

Problems in Measuring Exposure. Five types of dietary
intake measurements were used in the included studies: food
records (weighed or not),27,28,30,37-39,45 24-hour recalls (single
or multiple),24,26,43,44,47 interview by a dietitian,42 food fre-
quency questionnaires,41,48 and isolated questions in general
questionnaires or interview.12,13,25,29,35,36,40,46 Exposure mea-
surement was problematic in nine studies12,13,25,26,29,40,43,44,46

out of 23.
Three studies used single-day assessment.25,43,44 Because

food intake has large within-person variability,49 the analysis
of a single day of food intake is sufficient to determine the
mean nutrient or food intake when a large group is consid-
ered. But, multiple observations per individual are necessary
to allow individual ranking within a group,50 which is pre-
cisely the goal of these studies. Moreover, in some studies
weekends were underrepresented in exposure mea-
sures,25,43,44 although SSB consumption may be greater dur-
ing weekends.51,52

Food frequency questionnaires or selected questions out of
general questionnaires were used in 10 studies with Neutral
quality rating. Four of these studies35,36,41,48 included a
semiquantitative evaluation of portion sizes, but six used
nonquantitative items; for example, asking a participant to
evaluate the frequency of consumption of SSB consumption
(eg, several times per day, every day, or several times per
week), without any indication of portion size.12,13,25,29,40,46

Heterogeneity in SSB Definition. In the absence of a
consensus for a definition of SSBs, some studies with Neutral
quality rating limited their analysis to sugar-sweetened
carbonated beverages,40,41 most included all beverages with
added sugar,12,13,25-28,35-39,42-48 while others have included
beverages with added as well as natural sugar (ie, fruit juice).
In two studies,24,29 SSBs were not differentiated from artifi-
cially sweetened beverages during the measures or analysis;
therefore, the specific effect of SSBs could not be isolated.
Another study illustrates the heterogeneity of SSB definitions.
In that study,38 beverage intake was precisely measured with
a weighed food record. For the analysis, beverages were
stratified into seven categories, including “soda” (carbonated
caloric beverages), “diet soda” (carbonated noncaloric bev-
erages) or “soft drinks” (soda, diet soda, and fruits drinks).
Lastly, in one study,47 milkshakes and liquid yogurt were
included in the same category as SSBs. However, because
these products also contain protein and fat, this study may
provide information on the influence of liquid calories, but
not isolate the effects of added sugar.

Selection Bias in Retrospective Cohorts. Loss to follow
up is a well-known problem in cohorts and can affect both
-- 2015 Volume - Number -



Table 1. Description of cohort studies assessing the influence of sugar-sweetened beverages (SSBs) on obesity or obesity risk among children and adolescents

Author(s), y,
country

Sample
characteristics

Exposure
assessment
method Outcomes Confounders

Follow
up Results Conclusion

Quality
rating

Ambrosini and
colleagues,
2013,31

Australia

Na¼1,009
Age: 14 y at
baseline

Western
Australian
Pregnancy
Cohort
(Raine) Study

SSB
FFQb

Overweight
status

WCc

Age
Puberty
PAd

SESe

DIETf

Diet
misreportg

3 y For girls aged 14-17 y,
increasing SSB
consumption to the high
tertile was associated with
greater odds of obesity or
overweight (ORh 4.8, 95%
CI 2.1-11.4; P<0.001), an
increase in BMIi of 3.8%
(95% CI 1.8-5.7;
P<0.001), and of WC (4.2%,
95% CI 2.5-5.9; P<0.001)
compared with the lowest
tertile. For boys, the only
association was an increase
in WC of 2.3% (95%
CI 0.7-4.0; P¼0.007)

Mixed
results

þj

Berkey and
colleagues,
2004,32

United States

N¼11,755
Age: 9-14 y
at baseline

Growing Up
Today Study

SSB (servings/d
and increase)

FFQ

BMI (self-
reported)

Overweight
status

Age
Puberty
Race/ethnicity
Prior
anthropok

DIET
PA
SEDENTl

2 y Mixed
Consumption of SSB
associated with BMI for
boys (b¼.03�.014;
P¼0.04) but not for girls
(b¼.02�.012; P¼0.096)

Associations nonsignificant
after adjustment for total
energy intake

Mixed results þ

Blum and
colleagues,
2005,44

United States

N¼166
Age: Mean¼9.3 y
Convenience
sample

SSB (oz/d)
R24hm at
baseline and
at 2 y

BMI z score
(measured)

Age
Sex
Energy
intake

2 y No association between
SSB consumption and
BMI z score
change

No
association

0n

(continued on next page)
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Table 1. Description of cohort studies assessing the influence of sugar-sweetened beverages (SSBs) on obesity or obesity risk among children and adolescents (continued)

Author(s), y,
country

Sample
characteristics

Exposure
assessment
method Outcomes Confounders

Follow
up Results Conclusion

Quality
rating

Carlson and
colleagues,
2012,35

United States

N¼254
Age: 6-7 y
at baseline

Convenience
sample

SSB and SSB þ FJo

questionnaire
Overweight
status

BMI z score
BF(%)p

Age
Sex
Race/ethnicity
Parent educq

Height

2 y Decrease of 1 SSB serving/d
associated with a decrease
of 1.40 (95% CI 0.09-2.72;
P<0.05) in BF(%). No
association between
SSB consumption and BMI

Mixed
results

0

Cunningham
and Zavodny,
2011,12

United States

N¼6,128
Age: 5th grade
at baseline

Early Childhood
Longitudinal
Study,
kindergarten
class
1998-1999

SSB
questionnaire

BMI z score
Overweight
status

Sex
Age
Race/ethnicity
PA
DIET
Beverages
SES
Parent educ
Cluster

3 y No association between
SSB consumption and
BMI z score

No
association

0

DeBoer and
colleagues,
2013,36

United States

N¼6,800
Age: 2 y at
baseline

Early Childhood
Longitudinal
Survey e Birth
Cohort

SSB
questionnaire

BMI z score Sex
Race/ethnicity
SES
Parent
anthropor

SEDENT

3 y Children consuming �1
daily SSB at age 2 y had
greater increase in BMI
z score in the 2 following
years compared with
infrequent or nondrinkers
(P<0.05).

No difference in BMI
z score change between
frequent and infrequent
or nondrinkers between
ages 4 and 5 y

Mixed
results

0
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Table 1. Description of cohort studies assessing the influence of sugar-sweetened beverages (SSBs) on obesity or obesity risk among children and adolescents (continued)

Author(s), y,
country

Sample
characteristics

Exposure
assessment
method Outcomes Confounders

Follow
up Results Conclusion

Quality
rating

Dubois and
colleagues,
2007,19

Canada

N¼1,499
Age: 2.5 y

at baseline
Longitudinal
Study of Child
Development
in Québec

SSB between meals
(servings/d)

FFQ þ R24h

Overweight
status

Sex
Maternal
smoking

Prior
anthropo
Parent
anthropo

PA

2 y Regular SSB consumption
increased the odds of
being overweight at
age 4.5 y by 2.36
compared with
nonconsumers
(95% CI 1.03-5.39; P<0.05)

Association þ

Fiorito and
colleagues,
2009,24

United States

N¼166
Age: 5 y
at baseline

Convenience
sample

SSB and diet
beverage
together

3 R24hs at ages
5, 7, 9, 11, 13,
and 15 y

Overweight
status

BF(%)

Beverages
Energy
intake

Parent
educ

SES
Parent
anthropo

10 y SSB consumption at
age 5 y was a significant
predictor of adiposity
at each age from
5-15 y

Association 0

Jensen and
colleagues,
2013,37

Denmark

N¼359
Age: 6 y
at baseline

Copenhagen
School Child
Intervention
Study

SSB
7-d FRs at 6
and 9 y

BMI change
BF(%)

Prior
anthropo
Cluster

Sex
Puberty
SES
Energy
intake

PA
Parent
anthropo

Beverages

7 y No association between
SSB consumption at age
6 y and change in BMI or
BF(%) at age 9 or 13 y. Weak
association between SSB
consumption at age 9 y and
BF(%) at age 13 y

Mixed
results

0
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Table 1. Description of cohort studies assessing the influence of sugar-sweetened beverages (SSBs) on obesity or obesity risk among children and adolescents (continued)

Author(s), y,
country

Sample
characteristics

Exposure
assessment
method Outcomes Confounders

Follow
up Results Conclusion

Quality
rating

Johnson and
colleagues,
2007,45

England

n¼521 (age 5 y)
and n¼682
(age 7 y)

Age: 5 y
at baseline

Avon
Longitudinal
Study of Parents
and Children

SSB, FJ
separately
(servings/d)

3-d FR at 5
and 7 y

BF(%) Sex
Height
Prior
anthropo
SEDENT

Parent educ
SES
Parent
anthropo

Diet
misreport

4 y No association between
consumption of SSB at
age 5 or 7 y and BMI at
age 9 y. Inverse association
between SSB and body
fat mass

No
association

0

Kral and
colleagues,
2008,38

United States

N¼42
Age: 3 y
at baseline

SSB and diet
beverages
together and
separately

3-d FR

BMI z score
WC

Energy
intake

3 y Greater 3-y increase in
sugar-sweetened
carbonated beverage
intake was associated with
an increased change in
waist circumference
(b¼.04�.009; P<0.01).

No association of baseline
consumption of SSB with
BMI at follow up

Mixed results 0

Laska and
colleagues,
2012,13

United States

N¼693
Age: 15 y at
baseline (mean)

SSB
Questionnaire
(4 questions)

BMI
BF(%)

PA
Puberty
Race/ethnicity
Parent educ
SES
Age
Cluster
Energy intake

2 y No association of baseline
consumption of SSB with
BMI or BF(%) at follow up

No
association

0

Laurson and
colleagues,
2008,46

United States

N¼268
Age: 10 y
at baseline

SSB
questionnaire

BMI
Overweight
status

— 1.5 y No association of baseline
consumption of SSB with
BMI at follow up

No
association

0

(continued on next page)
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Table 1. Description of cohort studies assessing the influence of sugar-sweetened beverages (SSBs) on obesity or obesity risk among children and adolescents (continued)

Author(s), y,
country

Sample
characteristics

Exposure
assessment
method Outcomes Confounders

Follow
up Results Conclusion

Quality
rating

Libuda and
colleagues,
2008,39

Germany

N¼244
Age: 12 y at
baseline (mean)

DONALDt study

Energy from SSB,
SSB and FJ intake
(servings/d)

3-d FR

BMI
Overweight
status

BMI z score
BF(%)

Age
Time
Energy intake
Prior anthropo
Puberty
Parent anthropo

5 y No association of consumption
of SSB with BF(%)

In girls, initial consumption
of SSB was not associated
with BMI change, but an
increase in consumption
was associated with an
increase in BMI (0.07 BMI
standard deviation change
for each 240 kcal SSB;
P¼0.01).

No association for boys

Mixed results 0

Lim and
colleagues,
2009,20

United States

N¼365
Age: 3 y
at baseline

Detroit Dental
Project

SSB (oz/d)
FFQ

BMI
Overweight
status

BMI z score

Age
Sex
Energy intake
Parent educ
SES
Parent anthropo

2 y For each additional 30 mL
SSB consumed/d,
the odds of developing
excess weight
increased by 4% (OR
1.04, 95%
CI 1.01-1.07)

Association þ

Ludwig and
colleagues,
2001,21

United States

N¼548
Age: 11 or 12 y
at baseline

Planet Health

SSB
FFQ

BMI
Overweight
status

Prior anthropo
Age
Sex
Race/ethnicity
Cluster
DIET
PA
SEDENT
Energy intake

1.5 y
(19 mo)

SSB consumption at baseline
was associated with an
increase in BMI (þ0.24 per
serving; P¼0.03). For each
daily additional SSB serving
consumed, the odds of
becoming obese increased
1.6 times (OR 1.60, 95%
CI 1.14-2.24; P¼0.02)

Association þ

(continued on next page)
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Table 1. Description of cohort studies assessing the influence of sugar-sweetened beverages (SSBs) on obesity or obesity risk among children and adolescents (continued)

Author(s), y,
country

Sample
characteristics

Exposure
assessment
method Outcomes Confounders

Follow
up Results Conclusion

Quality
rating

Millar and
colleagues,
2013,25

Australia

N¼4,164
Age: 4 or 5 y
at baseline

Longitudinal
Study of
Australian
Children

SSB and FJ
separately

1 question
(nonquantitative)
in questionnaire

BMI z score DIET
Parent anthropo
SES
Sex
Time

6 y BMI z scores were associated
with daily consumption of
SSB. For each additional
daily SSB consumed, BMI
z score increased by 0.015
(P<0.01)

Association 0

Mundt and
colleagues,
2006,47

Canada

N¼217
Age: 8-15 y at
baseline (range)

University of
Saskatchewan’s
Pediatric Bone
Mineral
Accrual Study

SSB (milkshakes
and liquid
yogurt included)

3 R24h/y

BF(%) Age
Prior anthropo
Energy intake
PA

7 y SSB consumption was not
associated with BF(%)

No
association

0

Nissinen and
colleagues,
2009,40

Finland

N¼2,139
Age: 3-18 y at
baseline (range)

Cardiovascular Risk
in Young Finns
Study

SSB
Questionnaire

Adult BMI
Adult
overweight
status

Age
Prior anthropo
Parent educ
Smoking
PA

21 y For women, BMI increased
by 0.45 for every 10-unit
increase in SSB
consumption/mo
(SE¼0.12; P<0.01).

No association was found
for men

Mixed
results

0

Olsen and
colleagues,
2012,26

Denmark

N¼359
Age: 9.6 y (mean)
Danish part of

European
Youth Heart
Study

SSB
R24h
Liquid sucrose in
beverages and
lemonades

WC change
BMI change
BMI z score

Prior anthropo
DIET
PA
Parent anthropo
Sex
Puberty
Cluster
Energy intake

6 y Intake of liquid sucrose was
associated with changes
in WC (b¼.226; P¼0.07;
R2¼0.17) and BMI z score
(b¼.031; P¼0.05; R2¼ 0.30)

Association 0

(continued on next page)
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Table 1. Description of cohort studies assessing the influence of sugar-sweetened beverages (SSBs) on obesity or obesity risk among children and adolescents (continued)

Author(s), y,
country

Sample
characteristics

Exposure
assessment
method Outcomes Confounders

Follow
up Results Conclusion

Quality
rating

Phillips and
colleagues,
2004,41

United States

N¼141
Age: 8-12 y at
baseline (range)

Massachusetts
Institute of
Technology
Growth and
Development
Study

Energy from SSB
FFQ

BMI z score
BF(%)
(measured)

PA
SEDENT
Parent anthropo
Race/ethnicity
DIET
Age
Puberty

7 y Consumption of SSB
significantly associated
with BMI z score: þ 0.17
for Quartile 3 and 4
compared with Quartile 1
(P<0.01)

No association of
consumption
of SSB with BF

Mixed
results

0

Stoof and
colleagues,
2011,42

The Netherlands

N¼238
Age: 13 y
at baseline

Amsterdam
Growth and
Health
Longitudinal
Study

Convenience
sample

SSB and SSB þ FJ
(servings/d)

Interview by
dietitian

BMI
Overweight
status

BF(%)
(measured)

Energy intake
Puberty
PA

30 y For men, each additional
serving of SSB consumed
at baseline was
associated with a higher
total BF(%) (þ1.14%, 95%
CI 0.04-2.23; P<0.05) and
trunk fat (þ1.62%, 95%
CI 0.14-3.10; P<0.05) in
adulthood

No associations were
observed
for women

No association of baseline
consumption of SSB with
BMI in adulthood

Mixed
results

0

Striegel-Moore
and
colleagues,
2006,27

United States

N¼2,371
Age: 9 or 10 y
at baseline

National Heart,
Lung, and
Blood Institute
Growth and
Health Study

SSB
8x 3-d FR

BMI Cluster
Energy intake
Beverages
Race/ethnicity
Age

10 y Consumption of sugar-
sweetened carbonated
beverages was positively
associated with BMI: increase
of 0.01 (�0.005; P<0.05)
unit of BMI unit per each
100 g sugar-sweetened
carbonated beverages/d

No association of BMI with FJ
or fruit drinks

Association 0

(continued on next page)
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Table 1. Description of cohort studies assessing the influence of sugar-sweetened beverages (SSBs) on obesity or obesity risk among children and adolescents (continued)

Author(s), y,
country

Sample
characteristics

Exposure
assessment
method Outcomes Confounders

Follow
up Results Conclusion

Quality
rating

Tam and
colleagues,
2006,28

Australia

N¼281
Age: 7.7 y
(mean)

Nepean

SSB
3-d FR

BMI z score
Overweight
status

— 5 y “BMI gainers” (n¼32) had a
higher median
consumption of SSB
compared with children
with normal weight during
the entire follow up
(29 g/d vs 20 g/d). This
difference was
statistically significant

Association 0

Vanselow and
colleagues,
2009,48

United States

N¼2,294a

Age: 15 y
at baseline

Project EATu

SSB
(servings/wk)

FFQ

BMI
Overweight
status
(self-
reported)

Age
Sex
Race/ethnicity
SES
Prior anthropo
Beverages
Cluster
PA
SEDENT

5 y No association of baseline
consumption of SSB with
BMI at follow up

No
association

0

Viner and Cole,
2006,29

England

N¼4,461
Age: 16 y at
baseline

British Birth
Cohort (1970)

SSB and diet
beverages
together

Questionnaire

BMI
Overweight
status

BMI z score

Sex
SES
Height
Prior anthropo

14 y Daily consumption of 2 or
more servings of carbonated
beverage (no distinction
between sugar-sweetened
and diet) predicted an
increase in BMI z score over
the 14-y follow up (b¼.13, 95%
CI 0.01-0.26; P¼0.04) compared
with no consumption

Association 0

(continued on next page)
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Table 1. Description of cohort studies assessing the influence of sugar-sweetened beverages (SSBs) on obesity or obesity risk among children and adolescents (continued)

Author(s), y,
country

Sample
characteristics

Exposure
assessment
method Outcomes Confounders

Follow
up Results Conclusion

Quality
rating

Weijs and
colleagues,
2011,30

The Netherlands

N¼120
Age: 4-13 mo
at baseline

Convenience
sample

SSB þ FJ
2-d FR at baseline
and at 8 y

Overweight
status
(self-
reported)

Sex
Age
Breastfeeding
Prior anthropo
SES
DIET
Time
Parent anthropo
PA
Energy intake

8 y Baseline consumption of SSB
(continuous variable) was
associated with an increased
risk of overweight at age 8 y
(adjusted OR 1.13, 95%
CI 1.03-1.24; P<0.01)

Association 0

Welsh and
colleagues,
2005,33

United States

N¼10,904
Age: 2-3 y at
baseline

Pediatric Nutrition
Surveillance
System
and Missouri
Demonstration
Project

SSB þ FJ
FFQ

Overweight
status

Age
Sex
Race/ethnicity
Prior anthropo
DIET
Energy intake

1 y Association between SSB
consumption and
overweight status
was strongly influenced
by baseline BMI. A direct
association between
baseline consumption
of SSBs and the risk of
developing obesity was
found among both
normal-weight and
overweight children at
baseline, but the association
was statistically significant
only among overweight ones.
Overweight children
consuming 1 to <2 servings
of SSB/d were 2.0 times
(95% CI 1.3-3.2) more likely
to become obese compared
with those consuming
<1 serving/d

Mixed
results

þ

(continued on next page)
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Table 1. Description of cohort studies assessing the influence of sugar-sweetened beverages (SSBs) on obesity or obesity risk among children and adolescents (continued)

Author(s), y,
country

Sample
characteristics

Exposure
assessment
method Outcomes Confounders

Follow
up Results Conclusion

Quality
rating

Zheng and
colleagues,
2013,43

Denmark

N¼283
Age: 9 y
at baseline

European Youth
Heart Study

SSB
1 R24h

BMI (absolute
value)

BF(%)
WC

PA
Puberty
Parent educ

12 y Consumption of >1 daily SSB
serving at age 15 y was a
significant predictor of
increased BMI (b¼.92; P<0.05)
and WC (b¼2.69; P¼0.04) at
age 21 y. No significant
association was observed
from 9-21 y

Mixed
results

0

aN¼number of subjects analyzed longitudinally in the study.
bFFQ¼food frequency questionnaire.
cWC¼waist circumference.
dPA¼physical activity.
eSES¼socioeconomic status.
fDIET¼dietary factors (eg, percent energy from fat, fruits and vegetables consumption, and high-fat foods consumption).
gDiet misreport¼dietary or energy intake misreporting.
hOR¼odds ratio.
iBMI¼body mass index; calculated as kg/m2.
jþ¼positive quality rating.
kPrior anthropo¼prior anthropometrics (eg, birth weight, BMI z score at baseline).
lSEDENT¼sedentary activities (eg, television watching and video games).
mR24h¼24-hour recall.
n0¼neutral quality rating.
oFJ¼fruit juice.
pBF(%)¼body fat percentage.
qParent educ¼parental education.
rParent anthopo¼parental anthropometrics (eg, maternal BMI and parental overweight).
sFR¼food record.
tDONALD¼Dortmund Nutritional and Anthropometric Longitudinally Designed.
uEAT¼Eating Among Teens.
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Table 2. Description of experimental studies assessing the influence of sugar-sweetened beverages (SSBs) on obesity risk or obesity among children and adolescents

Author(s), y,
country Participants Intervention Control

Intervention
duration

Food intake
measure Outcomes Results Conclusion

Quality
rating

De Ruyter and
colleagues,
2012,22

United States

N¼641
Age: 4-12 y

250 mL
artificially
sweetened
beverage/d

(sugar-free
group)

250 mL SSB/d
(double-
blinded
intervention)

18 mo N/Aa Weight
change

BMIb

z score
BF(%)c

(measured)

BMI z score increased
0.15�0.42 in the SSB
group and 0.02�0.41
in the sugar-free
group (e0.13, 95% CI
e0.21 to e0.05,
P¼0.001). Fat mass
increased,
respectively,
1.58�2.47 kg and
1.01�2.62 kg,
equivalent to a
difference of e0.57
kg (95% CI e1.02 to
e0.12; P¼0.02)
between groups

Association þd

(continued on next page)
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Table 2. Description of experimental studies assessing the influence of sugar-sweetened beverages (SSBs) on obesity risk or obesity among children and adolescents
(continued)

Author(s), y,
country Participants Intervention Control

Intervention
duration

Food intake
measure Outcomes Results Conclusion

Quality
rating

Ebbeling and
colleagues,
2006,34

United States

N¼103
Age: 1-18 y

Delivery of 4
servings of
noncaloric
beverages/
d at home
plus advised
not to
consume SSB
plus monthly
telephone
call plus 3
home visits
with parents

Usual beverage
consumption

(no advice and
no home
delivery)

25 wk R24he at
baseline
and twice
at the end
of the
intervention

BMI change Mean change in BMI,
after adjustment for
sex and age, was
0.07�0.14 in the
intervention group
and 0.21�0.15 in
the control group.
The net difference,
e0.14�0.21, was
not statistically
significant. Effect of
the intervention
was significant for
obese adolescents.
For participants in
the upper baseline
BMI tertile, the net
difference in BMI
change between
intervention and
control groups was
e0.75�0.34
(P¼0.03)

Mixed
results

þ

(continued on next page)
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Table 2. Description of experimental studies assessing the influence of sugar-sweetened beverages (SSBs) on obesity risk or obesity among children and adolescents
(continued)

Author(s), y,
country Participants Intervention Control

Intervention
duration

Food intake
measure Outcomes Results Conclusion

Quality
rating

Ebbeling and
colleagues, 2012,23

United States

N¼224
Age: 14-15 y

Delivery of 4
servings of
noncaloric
beverages/
d at home
plus advised
not to
consume SSB
plus monthly
telephone
call plus 3
home visits
with parents

Usual beverage
consumption

(no advice and
no home
delivery)

1 y (þ 1 y
follow up)

R24h at
baseline, 1 y,
and 2 y

BMI change
BF(%)

At the end of the
beverage delivery,
BMI had increased
0.06�0.20 in the
intervention group
and 0.63�0.20 in
the control group
(difference
e0.57�0.28;
P¼0.045). 1 y after
the end of the
intervention, the
BMI difference
between groups
was no longer
statistically
significant

Association þ

aN/A¼not applicable.
bBMI¼body mass index.
cBF(%)¼body fat percentage.
dþ¼positive quality rating.
eR24h¼24-hour recall.
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Table 3. Quality assessment of studies evaluating the influence of sugar-sweetened beverages on obesity risk or obesity among
children and adolescents, using the Academy of Nutrition and Dietetics Quality Criteria Checklist17

First author, y Design Q1a Q2b Q3c Q4d Q5e Q6f Q7g Q8h Q9i Q10j QAk

Ambrosini, 201331 Cohort Yl Y Y UCm N/An Y Y Y Y Y Poso

Berkey, 200432 Cohort Y Y Y Y N/A Y Y Y Y Y Pos

Blum, 200544 Cohort Y UC Y UC N/A No Y Y Y UC Neup

Carlson, 201235 Cohort Y UC Y Y N/A Y Y Y Y Y Neu

Cunningham, 201112 Cohort Y Y Y Y N/A No Y Y Y Y Neu

DeBoer, 201336 Cohort Y Y UC Y N/A Y Y Y Y Y Neu

De Ruyter, 201222 RCTq Y Y Y Y Y Y Y Y Y Y Pos

Dubois, 200719 Cohort Y Y Y Y N/A Y Y Y Y Y Pos

Ebbeling, 200634 RCT Y Y Y Y Y Y Y Y Y Y Pos

Ebbeling, 201223 RCT Y Y Y Y Y Y Y Y Y Y Pos

Fiorito, 200924 Cohort Y UC Y UC N/A Y Y Y Y UC Neu

Jensen, 201337 Cohort Y UC UC UC N/A Y Y Y Y Y Neu

Johnson, 200745 Cohort Y Y UC UC N/A Y Y Y Y UC Neu

Kral, 200838 Cohort Y UC UC UC N/A Y Y Y Y Y Neu

Laska, 201213 Cohort Y UC Y UC N/A Y Y Y Y Y Neu

Laurson, 200846 Cohort Y No Y UC N/A UC Y No Y Y Neu

Libuda, 200839 Cohort Y UC Y UC N/A Y Y Y Y Y Neu

Lim, 200920 Cohort Y Y Y Y N/A Y Y Y Y Y Pos

Ludwig, 200121 Cohort Y Y Y Y N/A Y Y Y Y Y Pos

Millar, 201325 Cohort Y Y UC Y N/A No Y Y Y Y Neu

Mundt, 200647 Cohort Y Y Y UC N/A UC Y Y Y Y Neu

Nissinen, 200940 Cohort Y Y Y Y N/A UC Y Y Y Y Neu

Olsen, 201226 Cohort Y Y Y UC N/A UC Y Y Y Y Neu

Phillips, 200441 Cohort Y UC UC UC N/A Y Y Y Y UC Neu

Stoof, 201142 Cohort Y UC UC UC N/A Y Y Y Y UC Neu

Striegle-Moore, 200627 Cohort Y UC Y UC N/A Y Y Y Y Y Neu

Tam, 200628 Cohort Y Y UC Y N/A UC Y No No UC Neu

Vanselow, 200948 Cohort Y UC Y Y N/A Y Y Y Y Y Neu

Viner, 200629 Cohort Y UC UC UC N/A No Y Y Y UC Neu

Weijs, 201130 Cohort Y No UC Y N/A Y Y Y Y Y Neu

Welsh, 200533 Cohort Y Y Y N/A N/A Y Y Y Y Y Pos

Zheng, 201343 Cohort Y Y Y Y N/A UC Y Y Y Y Neu

aQ1¼Question 1: Was the research question clearly stated?17
bQ2¼Question 2: Was the selection of study subjects/patients free from bias?17
cQ3¼Question 3: Were study groups comparable?17
dQ4¼Question 4:Was method of handling withdrawals described?17
eQ5¼Question 5: Was blinding used to prevent introduction of bias?17
fQ6¼Question 6: Were intervention/therapeutic regimens/exposure factor or procedure and any comparison(s) described in detail? Were intervening factors described?17
gQ7¼Question 7: Were outcomes clearly defined and the measurements valid and reliable?17
hQ8¼Question 8: Was the statistical analysis appropriate for the study design and type of outcome indicators?17
iQ9¼Question 9: Are conclusions supported by results with biases and limitations taken into consideration?17
jQ10¼Question 10: Is bias due to study’s funding or sponsorship unlikely?17
kQA¼quality assessment.
lY¼yes.
mUC¼unclear.
nN/A¼not applicable.
oPos¼positive quality.
pNeu¼neutral quality.
qRCT¼randomized controlled trial.
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external and internal validity.53 Particularly in studies looking
at the relationship between food consumption and excess
weight gain, people who gained more weight may be more
likely to be lost to follow up, weakening the association be-
tween the exposure and the outcome of interest. In our
analysis, six studies29,30,37,39,42,48 were identified with such a
potential selection bias.
Studies with a Positive Quality Rating
Recently, two intervention studies directly tested the influence
of SSB consumption on adiposity by manipulating the con-
sumption of SSBs. In these studies, participantswere randomly
allocated to either the intervention or control group, resulting
in equal distribution of potential cofounders between groups.
In thefirst, deRuyter andcolleagues22 designed and conducted
an RCT with 641 initially normal-weight children aged 4 to 12
years who commonly drank SSBs. The control group received
250mL SSB during 18months, whereas the intervention group
received 250 mL artificially sweetened beverage (ASB). Chil-
dren received their beverage during school time, and the
interventionwas double-blinded. In this study, the BMI z score
increased on average by 0.15�0.42 in the SSBs group and
0.02�0.41 in the ASB group (difference e0.13, 95% CI e0.21 to
e0.05; P¼0.001). Fat mass, measured by electrical bio-
impedance analyses, increased, respectively, 1.58�2.47 kg and
1.01�2.62 kg, equivalent to adifferenceof 0.57 kg (95%CIe1.02
to e0.12; P¼0.02) between groups.
In the second study by Ebbeling and colleagues,23 results

showed that the replacement of SSB consumption bynon-SSBs
(eg, water or ASB) slowed down the increase in BMI signifi-
cantly in adolescents already overweight or obese (mean
age¼15 years). In this randomized controlled trial, the inter-
vention group (n¼110) had 4 servings of noncaloric beverages
per day delivered at their home during 12 months and were
advised not to consume SSBs. Monthly telephone calls and
three home visits were organized with parents, where con-
sumption of SSBs was discussed. Adolescents in the control
group (n¼114) continued their usual beverage consumption
(baseline consumption¼1.7�1.1 servings per day). They
received no advice and no home delivery. All the participants
were followed another year after the end of the intervention.
At the end of the beverage delivery (at 1 year), BMI had
increased 0.06�0.20 in the intervention group and 0.63�0.20
in the control group. The net difference between groups was
e0.57�0.28 (P¼0.045). One year after the end of the inter-
vention, the difference in BMI between groups (e0.30�0.4;
P¼0.46) was not statistically significant anymore.
Before that study, Ebbeling and colleagues34 conducted a

pilot study with a smaller sample (n¼103) of adolescents
aged 13 to 18 years of all weight statuses. In that study, the
effect of decreasing SSB consumption was strongly related to
BMI at baseline. Mean change in BMI, after adjustment for sex
and age, was 0.07�0.14 in the intervention group and
0.21�0.15 in the control group. The net difference
(e0.14�0.21) was not statistically significant. However, the
effect of the intervention was significant in obese adoles-
cents: For participants in the upper tertile of baseline BMI,
the net difference in BMI change between intervention and
control groups was e0.75�0.34 (P¼0.03).
In our review, six cohort studies19-21,31-33 stood out because

of their rigorous methods and received a Positive rating in the
-- 2015 Volume - Number -
quality assessment. The study by Ludwig and colleagues21

was published in 2001. This cohort of 548 children aged 11
to 12 years had a duration of 19 months and showed that SSB
consumption at baseline was associated with an increase in
BMI. For each additional serving of SSBs consumed per day,
the odds of becoming obese increased 1.6 times (odds ratio
[OR] 1.60, 95% CI 1.14 to 2.24).
Dubois and colleagues19 studied 1,499 children between

ages 2.5 and 4.5 years. They showed that the weekly con-
sumption of four (or more) SSBs between meals more than
doubled the odds of being overweight at age 4.5 years
compared with children who did not consume SSBs at all.
This association was not affected by adjustment for con-
founders such as sex, maternal smoking during pregnancy, or
physical activity of the child.
During 2 years, Lim and colleagues20 followed a group of

365 African-American children aged 3 to 5 years. For each
additional 30 mL SSBs consumed per day, the odds of
developing excess weight increased by 4% (OR 1.04, 95% CI
1.01 to 1.07).
In a large retrospective cohort study (more than 10,000

children aged 2 to 3 years old at baseline), Welsh and col-
leagues33 found that the association between SSB consump-
tion and excess weight prevalence was strongly influenced by
baseline BMI. A direct association between baseline con-
sumption of SSBs and the risk of developing obesity was
found among both normal-weight and overweight children,
but the association was statistically significant only among
the overweight children. Overweight children consuming 1
to <2 servings of SSBs per day were 2.0 times (OR 2.0, 95% CI
1.3 to 3.2) more likely to become obese compared with those
consuming <1 serving per day.
Berkey and colleagues32 followed more than 11,000 ado-

lescents, whose mothers participated in the Nurses’ Health
Study II for 2 years. Analysis revealed a weak linear associa-
tion between SSB consumption and BMI gain in boys (þ0.03
per daily SSB serving; P¼0.04). For girls, a similar tendency
was observed, but it was not statistically significant (þ0.02;
P¼0.096). After adjusting for total energy intake, estimates
became noticeably smaller, suggesting that calories mediate
the association between SSB consumption and weight gain.
Ambrosini and colleagues31 used the Western Australian

Pregnancy Cohort (Raine) Study to test the hypothesis that
higher SSB intakes were associated with increased car-
diometabolic risk factors between ages 14 and 17 years.
Compared with girls who maintained SSB consumption in the
lowest tertile, girls who increased SSB consumption to the
highest tertile between ages 14 and 17 years had greater odds
of obesity or overweight (OR 4.8, 95% CI 2.1 to 11.4; P for trend
<0.001), an average increase in BMI of 3.8% (95% CI 1.8 to 5.7;
P for trend <0.001), and an increase in waist circumference of
4.2% (95% CI 2.5 to 5.9; P for trend <0.001). For boys, the only
association was an increase in waist circumference of 2.3%
(95% CI 0.7 to 4.0; P for trend¼0.007). All these associations
were weakened after adjustment for a dietary pattern score,
but remained significant.
DISCUSSION
The present systematic analysis assessed 32 original studies
for the influence of SSB consumption on risk of obesity and
obesity in children and adolescents, and highlighted that
JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 19
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more than two-thirds of them had at least one major meth-
odological issue. Measuring eating habits and analyzing the
association between a specific food or beverage and a health
issue as complex and multifactorial as obesity is a research
challenge. It took time before the first randomized controlled
trial directly testing the influence of SSBs was conducted.34

For many years, the influence of SSB consumption on risk
of obesity was not the main goal of research, which might
explain the lack of strong methodology frequently observed
in our review. This might have contributed to conflicting
messages and a general vagueness about the role of SSBs in
obesity among youth. Moreover, it should also be noted that
children younger than age 8 years cannot accurately recall
food, estimate portion size, or conceptualize frequency
correctly.54-56 After age 8 years, they are capable of accurately
self-reporting their dietary intake, even if portion size esti-
mate remains imprecise.54,55

The physiologic mechanisms underlying the association
between SSB consumption and obesity are not yet completely
elucidated,57,58 and whether the effect of sugar and calories
from SSBs is worse than the effect of some other food is
unclear.59 Because SSB consumption adds extra calories to
the diet, adjustment for total energy intake is suspected to
underestimate the association between SSBs and the risk of
obesity.1 Other factors could also confound the relationship
between SSB consumption and obesity. First, SSB consump-
tion may be a marker of a generally poor-quality diet.31,60 It is,
therefore, difficult in cohort studies to isolate the effect of
SSBs from the overall diet. Several studies12,21,25,26,30-33,41

used indicators such as a “healthy dietary pattern” or
“Western dietary pattern” score, fruits and vegetables or
high-fat foods consumption, or percentage of calories from
fat to adjust for the general quality of a diet. Second, although
physical activity is classically associated with a decreased risk
of obesity and healthier lifestyle,61,62 some studies have
shown that higher physical activity or organized sport
participation was associated with higher sport drinks intake,
a form of SSB consumption,63 whereas others found no dif-
ference.64 Third, adolescence is characterized by a change in
body composition, and puberty should be taken into account
for this age group, as done in nine studies.13,26,31,32,37,39,41-43

Finally, some racial/ethnic minorities (eg, African Americans
and Hispanics), as well as individuals with lower education
and income, are more likely to develop obesity65 and
consume more SSBs.66 However, these factors were adjusted
for in the majority of the cohort studies.12,13,20,21,24,25,27,29-
33,35-37,40,41,43,45,48 On top of these factors, residual con-
founders cannot be excluded.
With obesity being a multifactorial problem, it is difficult to

isolate a specific risk factor, which often weakens the
strength of the association. It is important to keep in mind
that in some studies, the risk of obesity or weight gain is
expressed for each ounce or cup of SSBs consumed, whereas
the consumption of several servings per day of SSBs is
frequent. Moreover, some effects, considered “weak” during
the time of the observation in a cohort study, may accumu-
late over time.
Despite regular sugar-sweetened carbonated beverages

being the most prevalent SSBs consumed by adolescents,3

recent studies have shown that consumers are experiencing
a shift in beverage consumption. The consumption of sugar-
sweetened carbonated beverages is decreasing, at least in
20 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
some subgroups; however, the consumption of energy
drinks, sports drinks, ready-to-drink sweetened teas, and
fruit juices is increasing.66,67 A consensus on the definition of
SSBs is necessary, and future research should focus on the
effect of these various types of beverages on risk of obesity
and health in general.
The main strength of this systematic analysis is the

rigorous and standardized assessment of the quality of the
included studies. We evaluated whether the methodology
used allowed for answering the specific research question of
the influence of SSB consumption on risk of obesity and
obesity. Although quality assessment remains subject to
interpretation, having two researchers performing the eval-
uation independently and using a standardized approach
would be expected to improve reliability. A limitation of our
study is the inclusion of published studies only. Publication
bias cannot be excluded, because studies with positive results
tend to be more easily published.68

CONCLUSIONS
The analysis of eating habits and their influence on obesity
development requires specific designs and measures. The
present review revealed that more than half of the published
studies focusing on SSB consumption and risk of obesity or
obesity presented at least one methodological issue poten-
tially affecting the conclusion. Our review shows that the
majority of studies with strong methodology indicated a
positive association between SSB consumption and risk of
obesity or obesity, especially among overweight children. In
addition, our findings highlight the need for the careful and
precise measurement of SSB consumption and important
confounders.
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