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ABSTRACT
Background: The relation between sugar-sweetened beverages
(SSBs) and body weight remains controversial.
Objective: We conducted a systematic review and meta-analysis to
summarize the evidence in children and adults.
Design: We searched PubMed, EMBASE, and Cochrane databases
through March 2013 for prospective cohort studies and randomized
controlled trials (RCTs) that evaluated the SSB-weight relation.
Separate meta-analyses were conducted in children and adults and
for cohorts and RCTs by using random- and fixed-effects models.
Results: Thirty-two original articles were included in our meta-analy-
ses: 20 in children (15 cohort studies, n = 25,745; 5 trials, n = 2772) and
12 in adults (7 cohort studies, n = 174,252; 5 trials, n = 292). In cohort
studies, one daily serving increment of SSBs was associated with a 0.06
(95% CI: 0.02, 0.10) and 0.05 (95% CI: 0.03, 0.07)-unit increase in
BMI in children and 0.22 kg (95% CI: 0.09, 0.34 kg) and 0.12 kg (95%
CI: 0.10, 0.14 kg) weight gain in adults over 1 y in random- and fixed-
effects models, respectively. RCTs in children showed reductions in
BMI gain when SSBs were reduced [random and fixed effects:
20.17 (95% CI: 20.39, 0.05) and 20.12 (95% CI: 20.22, 20.2)],
whereas RCTs in adults showed increases in body weight when SSBs
were added (random and fixed effects: 0.85 kg; 95% CI: 0.50, 1.20 kg).
Sensitivity analyses of RCTs in children showed more pronounced
benefits in preventing weight gain in SSB substitution trials (compared
with school-based educational programs) and among overweight chil-
dren (compared with normal-weight children).
Conclusion: Our systematic review and meta-analysis of prospec-
tive cohort studies and RCTs provides evidence that SSB consump-
tion promotes weight gain in children and adults. Am J Clin Nutr
2013;98:1084–102.

INTRODUCTION

As the search for solutions to the worldwide epidemic of obesity
continues, the relation between consumption of sugar-sweetened
beverages (SSBs)4 and body weight has become a matter of much
public and scientific interest. SSBs are composed of energy-con-
taining sweeteners such as sucrose (50% glucose, 50% fructose),
high-fructose corn syrup (HFCS; most often 45% glucose and
55% fructose), or fruit juice concentrates that are added to the
beverage by manufacturers, establishments, or individuals and
usually contain .25 kcal per 8 fluid ounces. Although temporal
patterns from the United States have shown a decrease in added
sugar consumption between 2000 and 2008, primarily from re-
ductions in SSBs, average intakes still exceed recommended limits
and SSBs continue to be the largest contributor to added sugar and

top sources of calories in the US diet (1). Globally, intake of SSBs
has been increasing steadily, because of rapid urbanization and
heavy marketing in low- and middle-income countries (2).

Within the past 2 decades, a number of epidemiologic studies
both in children and adults have evaluated the association between
SSB intake and weight gain and obesity. In general, findings from
large observational studies support a link between SSB con-
sumption and development of obesity (3, 4). However, controversy
remains whether the association is causal and whether public action
should be taken on the basis of the observational evidence. Re-
cently, several randomized controlled trials (RCTs) have been
performed to evaluate whether adding SSBs into the habitual diet
can increase body weight or if substituting SSBs by other low- or
noncaloric beverages can reduce weight gain or facilitate weight
loss. The results have been mixed as a result of heterogeneity in
study design, sample size, and study duration.

For clinicians and policymakers to make informed evidence-
based recommendations about SSBs, the totality of the available
evidence needs to be examined in a thorough and systematic
manner. Thus, we conducted a systematic review and meta-
analyses of prospective cohort studies and RCTs in children and
adults to provide a comprehensive summary of the literature
evaluating SSBs and body weight gain.

METHODS

Literature search

Standard methods were used for conducting and reporting
meta-analyses (5). Relevant articles were identified by searching
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PubMed (http://www.ncbi.nlm.nih.gov/pubmed; since 1966),
EMBASE (http://www.embase.com; since 1947), and the
Cochrane library (http://www.thecochranelibrary.com/; since
1951) databases from the index date through March 2013 for
studies evaluating the association between SSBs and body weight
in children and adults. Our search strategy combined various
terms for SSBs (eg, carbonated beverages, sweetened beverages,
soda, sports drink, fruit drink) and body weight (ie, body weight,
BMI, overweight, obesity), related cardiometabolic outcomes (ie,
diabetes mellitus, insulin resistance, cardiovascular diseases,
hypertension), and study design/epidemiologic methods (ie,
epidemiologic studies, cohort, case-control, clinical trials) by
using exploded versions of nedical subject headings terms and
corresponding key words in titles and abstracts. Additional ar-
ticles were identified from reference lists of included studies and
relevant reviews. Full details on our search terms and strategy are
shown in Supplemental Table 1 under “Supplemental data” in the
online issue. The current meta-analysis focused on outcomes
related to body weight. Our search strategy included terms for
cardiometabolic outcomes because some of these studies also
report outcomes for body weight.

Study selection

Studies were considered for inclusion in our meta-analysis if
they met the following criteria: 1) were original research, ie, not
a review, abstract, editorial, letter, or commentary; 2) were
prospective cohort studies or clinical trials conducted in children
or adults; 3) reported multivariable-adjusted coefficients for the
association between SSBs and body weight (any available
metric) from prospective cohort studies or the difference in
changes in body weight (any available metric) between in-
tervention and control groups from clinical trials; 4) did not
combine SSBs with other beverages, foods, or lifestyle factors as
a composite exposure; and 5) had a control group and intervened
for at least 2 wk in clinical trials. We restricted publications to
the English language, and we did not consider cross-sectional or
ecologic studies because they are highly prone to confounding
and reverse causation. Titles and abstracts of identified studies
were screened, and potentially relevant articles were selected for
full-text review, which was performed independently by 2 in-
vestigators (VSM and AP). Discrepancies were resolved by
consensus or consultation with a third author (FBH).

Data extraction

For each article identified, we extracted information on study
characteristics (authors, publication year, geographic location,
sample size, and duration), participant characteristics (sex, age,
and baseline body weight), SSB assessment method [food-
frequency questionnaire (FFQ), 24-h recall, or diet record], type
of SSB and serving size, body weight assessment method (mea-
sured, self-report), intervention design (crossover trial, parallel
trial, or cluster RCT), intervention and control modality, and
analysis strategy (statistical models, adjustment for total energy
and covariates). For prospective cohort studies, we extracted
multivariable-adjusted b coefficients and corresponding SEs for
the association between SSBs and any available measure of body
weight. Because total energy intake partly mediates the associ-
ation between SSBs and weight, where possible we extracted

estimates that were not adjusted for total energy. For RCTs,
we extracted means and SDs of changes in body weight (any
available metric) from baseline to the end of follow-up for in-
tervention and control regimens. If a trial did not report the SD
for the measurement of change, we imputed this value by using
the correlation coefficient method referenced in the Cochrane
Handbook for Systematic Reviews of Interventions (6). We used
a correlation coefficient of 0.95 because the correlation between
body weights at the 2 time points was assumed to be very high.

Data synthesis and analysis

For a number of studies it was necessary to obtain data from
authors or apply scaling factors and transformations with various
assumptions to generate consistent units for the meta-analyses
(see Supplemental Table 2 under “Supplemental data” in the
online issue). For prospective cohort studies in children, our
primary estimate of interest was the predicted change in BMI
per one 12-oz–serving/d increment of SSBs during the time
period specified in each study. Studies that reported serving sizes
in units other than 12 oz were scaled accordingly. Studies by
Blum et al (7), Newby et al (8), and Mundt et al (9) were scaled
from 1-oz servings to 12-oz servings. Studies by Striegel-Moore
et al (10), Johnson et al (11), Libuda et al (12), and Olsen et al
(13) were scaled from 100 g/d, 180 g/d, 1 MJ/d, and 10 g/d to
one 12-oz serving/d, respectively. For studies that did not
specify a serving size (14–19), we assumed the standard serving
size of 12 oz. Two studies were converted from servings per
week to servings per day (15, 19). Studies reporting estimates
using BMI z score (7, 12, 13, 18, 20, 21) were converted to BMI
by using the LMS method developed by Cole (22), and studies
reporting estimates of fat mass (kg) were converted to BMI by
dividing the coefficients by average height in meters squared (9,
11). Finally, studies reporting estimates categorically (18, 19)
were converted into continuous variables by assigning medians
to each intake category, which were plotted against weight
change by using least squares linear regression to obtain the
slope (b) and SE. This transformation makes the assumption of
linearity. Because studies evaluating change in SSB intake in
relation to change in weight have some features of a quasi-ex-
perimental design, we conducted a separate meta-analysis for
the 1-y change in BMI per 1-serving/d increment of SSBs by
using studies that reported change versus change estimates (12,
14–17, 19, 21). Units were converted to 1-y change by dividing
b coefficients by the time period specified in each study (see
Supplemental Table 2 under “Supplemental data” in the online
issue).

For trials in children, our primary estimate of interest was the
mean difference in BMI between intervention and control reg-
imens (see Supplemental Table 2 under “Supplemental data” in
the online issue).

For prospective cohort studies in adults, our primary estimate
of interest was the 1-y change in weight (kg) per 1-serving/d
increment of SSBs by using studies that reported change in
weight in relation to change in SSBs (23–29). Units were con-
verted to 1-y change by dividing coefficients by the time period
specified in each study, and the serving size was assumed to be
12 oz, consistent with most cans and glasses. Two studies (23,
27) were converted from servings per week to servings per day,
and one study (28) was converted from change in 1 percentage
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unit of SSBs to servings per day. The study by Palmer et al (25)
was converted into continuous data by assigning medians to
each intake category, which were plotted against weight change
by using least squares linear regression to obtain the slope (b)
and SE. Data were converted from pounds to kilograms by
multiplying coefficients by 0.45. For trials in adults, the unit of
interest was the mean difference in weight in kilograms from
baseline to end of follow-up between intervention and controls
(see Supplemental Table 2 under “Supplemental data” in the
online issue).

Summary estimates were calculated by combining inverse-
variance–weighted study-specific estimates using random-
effects models, which accounts for between-study heterogeneity
and is generally considered the more conservative method (6).
Fixed-effects models were also evaluated for comparison. Forest
plots were used to visualize individual and summary estimates,
and the Cochrane Q test and I2 statistic were used to evaluate
between-study heterogeneity (30, 31). An I2 value .50% was
generally considered to be high (32). Potential sources of het-
erogeneity, including adjustment for total energy, duration, age,
dietary assessment method, sample size, and baseline weight
status, were explored by using univariate meta-regressions and
stratified analyses (36). We also tested the influence of in-
dividual studies on the results in sensitivity analysis (36). The
potential for publication bias was evaluated by using Begg’s test
and visual inspection of funnel plots (33, 34). All analyses were
performed by using Stata 10.0 (StataCorp).

Risk of bias assessment

Study-level risk of bias was assessed by 2 authors (VSM and
AP), and disagreements in ratings were discussed until con-
sensus. For cohort studies, the Newcastle Ottawa scale was used
(35), which assesses 3 broad areas: the selection of exposed and
unexposed participants, the comparability of the groups, and the
assessment of the outcome. A star was awarded for high quality in
each area, with a maximum of 4 stars for the “Selection” cate-
gory, 2 stars for “Comparability,” and 3 stars for “Outcome.” For
comparability, we awarded a star for studies that provided co-
efficients that did not adjust for total energy intake (36) and for
those that adjusted for age and other important factors. Studies
with a score $7 were considered as good quality and those with
a score ,5 were considered as poor quality. RCTs were re-
viewed by using the Cochrane Collaboration’s risk of bias tool
(6), which rates 7 domains (sequence generation, allocation
concealment, blinding of participants and study personnel,
blinding of outcome assessment, completeness of outcome data,
selective reporting of outcomes, and other threats to validity, eg,
contamination of intervention, baseline imbalance, and carry-
over effect in crossover trials) as having a low risk of bias,
a high risk of bias, or an unclear risk of bias.

RESULTS

Literature search

Our search strategy identified 9833 unique citations, of which
60 were selected for full-text review after screening titles and
abstracts, plus an additional 5 articles identified from reference
lists (Figure 1). After reviewing full texts, 33 articles were

additionally excluded. Among cohort studies in children, 11
studies were excluded because we were not able to obtain data in
the necessary units from transformations or author correspon-
dence: 4 presented ORs (37–40), 2 did not report longitudinal
data for SSBs (41, 42), one presented data as frequencies by
weight change group (43), one presented SSBs in grams of
carbohydrate per day by BMI gainers/losers (44), one did not
present weight change data for all categories of beverage intake
(45), one modeled SSBs dichotomously (46), and one presented
standardized b coefficients (47). Among RCTs in children, 2
studies were excluded because one was a follow-up of an in-
cluded trial (48) and the other was conducted in a duplicate
study population (49). Another study was excluded because it
substituted SSBs with flavored milk (50).

Among cohort studies in adults, 6 studies were excluded
because of unavailability of data or heterogeneity of outcome
measures: 2 reported ORs (51, 52), one reported results stratified
by weight gain before baseline (53), 2 reported BMI rather than
body weight (54, 55), and one presented data in a figure that could
not be extracted (56). Two studies were additionally excluded
because they were conducted in duplicate study populations (57,
58). Among intervention studies in adults, the study by Raben
et al (59) was excluded because the intervention combined
beverages and foods.We did not include the trial by Tate et al (60)
because unlike other trials, which evaluated the effects of adding
SSBs on body weight, this study substituted SSBs with water or
artificially sweetened beverages in a context of active weight-loss
intervention (60). Therefore, the data could not be combined
because of the different study questions. After final exclusions, 32
original articles were included in our meta-analyses: 20 in
children (15 prospective cohort studies and 5 trials) and 12 in
adults (7 prospective cohort studies and 5 trials). The excluded
studies were evaluated qualitatively.

Study characteristics

Characteristics of the prospective cohort studies included in
our meta-analyses are shown in Tables 1 and 2. Among the 15
cohort studies in children, the majority were from the United
States (n = 10), Europe (n = 4), and Canada (n = 1), with ages at
baseline ranging from 2 to 16 y (Table 1). The number of par-
ticipants in each study ranged from 141 to 11,703, with dura-
tions of follow-up ranging from 6 mo to 14 y. Studies used
a variety of methods to assess diet, including FFQs (n = 5), 24-h
recalls (n = 4), diet and lifestyle questionnaires (n = 3), and diet
records (n = 3); and all studies adjusted for additional diet or
lifestyle risk factors, although 2 studies did not adjust for age
(13, 20) and one study adjusted only for age and time (12). Only
3 studies adjusted for total energy intake (7, 8, 10). Among the 7
cohort studies in adults, the majority were conducted in black or
white populations from the United States (n = 6) and one study
was from the Netherlands (Table 2). Cohorts ranged in size from
173 to 120,877 participants, with durations of follow-up ranging
from 1 to 20 y. Two studies were conducted exclusively in
overweight or obese women (27, 28), and one study was con-
ducted in participants with prehypertension or stage 1 hyper-
tension (26). All but one study (28) used an FFQ to assess diet,
and all studies adjusted for additional diet and lifestyle factors,
although one study did not adjust for age (27). None of the
studies adjusted for total energy intake.
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Characteristics of the RCTs included in our meta-analyses are
shown in Tables 3 and 4. Among the 5 trials conducted in
children and adolescents, 2 were from the United States, 2 were
from Europe, and one was from Brazil (Table 3). All of these
studies evaluated the effect of reducing intake of SSBs on body
weight. Two studies were school-based interventions using fo-
cused nutrition education (61, 62) for 1 school year among 644–
1140 children aged 8–10 y, and 3 studies were randomized trials
replacing SSBs with noncaloric beverages (63–65) for 25 wk to
18 mo among 103–641 children ranging in age from 8 to 16 y.
One trial used a double-blind design (65), and one was con-
ducted exclusively in overweight adolescents (64).

The majority of trials conducted in adults were from Europe (2
United Kingdom, 2 Denmark, 1 Switzerland) and one was from
the United States, with sample sizes ranging from 29 to 133
(Table 4). All studies evaluated the effect of adding SSBs to the
diet on body weight. Most studies compared SSBs (sucrose- or
HFCS-sweetened beverages) with artificially sweetened bever-
ages in either a parallel (66–68) or crossover (69, 70) design, for
3 wk to 6 mo, with intervention doses ranging from 600 mL to
.1 L SSBs/d. One study included semiskim milk and mineral
water in addition to artificially sweetened beverages as control
regimens (68), and one study compared SSBs with dietary ad-
vice (70). Three (59, 67, 68) of the 5 studies were conducted
exclusively in overweight individuals.

Risk of bias

Risk of bias is summarized for cohort studies in Supplemental
Table 3 under “Supplemental data” in the online issue. Among
studies in children, scores ranged from 4 (8) to 8 (14, 16, 21) out
of a possible score of 9. Sixty percent of studies received a score
$7, denoting good quality (9, 11, 12, 14, 16, 17, 19–21),
whereas 40% were considered to be of poorer quality (7, 8, 10,
13, 15, 18). Among the 7 studies in adults, 3 studies received
a score of 6, and 4 studies received a score $7 (25, 26, 28, 29).

Risk of bias summaries for RCTs are shown in Supplemental
Table 4 under “Supplemental data” in the online issue. For
studies in children and adults, risk of bias tended to be low or
unclear for most domains assessed. A quantitative summary for
each domain can be found in the footnote to the table.

SSBs and body weight in children

Prospective cohort studies

On the basis of data from 20 comparisons of the 15 studies
(25,745 children and adolescents), we found a positive associ-
ation between SSB consumption and BMI. The pooled estimate
for the change in BMI (in kg/m2) during the time period specified
in each study associated with each one 12-oz serving/d increase
in SSBs was 0.07 (95% CI: 0.01, 0.12; random-effects model;

FIGURE 1. Flowchart of study search and selection. PubMed, http://www.ncbi.nlm.nih.gov/pubmed; EMBASE, http://www.embase.com; Cochrane, http://
www.thecochranelibrary.com/. SSB, sugar-sweetened beverage.
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Figure 2). Results from the fixed-effects model (0.16; 95% CI:
0.15, 0.16) differed from the random-effects model and was
most likely a result of the high degree of between-study hetero-
geneity (I2 = 91.6%, P-heterogeneity , 0.001). Meta-regressions
for duration (P = 0.51), age (P = 0.70), adjustment for total
energy (P = 0.37), use of an FFQ (P = 0.43), and sample size
(P = 0.95) were not significant, suggesting that these factors may
not be substantial sources of heterogeneity. However, when we
stratified the analysis by whether a study had adjusted for total
energy, the estimate was greater in studies that did not adjust for
total energy (0.08; 95% CI: 0.02, 0.14; I2 = 91.1%; n = 17)
compared with those that did (0.04; 95% CI: 0.00, 0.07; I2 = 0%;
n = 3). In general, studies with greater statistical weight (.5%)
tended to have positive associations, except for the study by
Mundt et al (9). This study (9) along with the study by Johnson
et al (11), evaluated fat mass (kg) as the outcome, which may
not be comparable to BMI despite our scaling. We made the
assumption that differences in fat mass are equal to differences
in body weight, which may not be the case. Excluding these
studies that estimated BMI from fat mass (9, 11) slightly in-
creased the strength of the estimate (0.09; 95% CI: 0.04, 0.15)
but had no impact on heterogeneity (I2 = 90.3%). However,
excluding the study by Viner and Cole (18), which had the
greatest statistical weight, reduced heterogeneity byw23% (I2 =
68.3%), yielding more comparable estimates between the ran-
dom-effects (0.05; 95% CI: 0.01, 0.10) and fixed-effects (0.04;
95% CI: 0.02, 0.06) models.

Our analysis of 1-y change in BMI included 7 studies with 11
comparisons in 15,736 children and adolescents. The summary
estimate indicated that BMI increased by 0.06 (95% CI: 0.02,
0.10; random-effects model) for each additional daily 12-oz
serving of SSBs over a 1-y period (Figure 3). Results from the
fixed-effects model were similar (0.05; 95% CI: 0.03, 0.07), and
significant heterogeneity was observed (I2 = 63.8%; P-hetero-
geneity = 0.002). Removing the study by Laurson et al (15) as an
outlier reduced heterogeneity (I2= 44.4%; P-heterogeneity =
0.07) but did not change the summary estimate (0.06; 95% CI:
0.03, 0.09).

Trials

A total of 5 studies including 2772 children and adolescents
were included in our analysis of SSB trials and body weight. On
the basis of these data, we found a nonsignificant difference in
change in BMI from reducing SSB consumption [weighted mean
difference (WMD):20.17; 95% CI:20.39, 0.05; I2 = 74.6%; P-
heterogeneity = 0.003] in the random-effects model (Figure 4).
Results from the fixed-effects model were significant (20.12;
95% CI: 20.22, 20.02). This difference is likely a result of the
random-effects model giving greater statistical weight to smaller
studies and having wider CIs in the presence of heterogeneity
compared with the fixed-effects model. Meta-regressions for
intervention modality (education or beverage substitution; P =
0.08), duration (P = 0.18), and age (P = 0.84) were not signif-
icant, although power to detect a difference was low with only 5
studies. When we stratified our analysis by intervention mo-
dality, we observed a significant weight reduction among the 3
studies that provided noncaloric beverages as substitutes for
SSBs (63–65): the summary estimate was 20.34 (95% CI:
20.50,20.18; I2 = 0%). In contrast, we did not find a significantT
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intervention effect in the 2 studies that used focused school-
based education (61, 62) to discourage SSB consumption (0.01;
95% CI: 20.19, 0.20; I2 = 59.6%). For the study by James et al
(61), although the difference in BMI change did not reach sig-
nificance, there was a significant difference in the prevalence of
childhood overweight and obesity between intervention (0.2%
reduction) and control clusters (7.5% increase). This suggests that
the intervention may be more effective in preventing weight gain
in higher risk children. Heterogeneity was reduced when we re-
moved the study by Sichieri et al (62), which had the largest
sample size in the meta-analysis, from the analysis (20.25; 95%
CI: 20.43, 20.06; I2 = 43.8%; P-heterogeneity = 0.15).

All of the studies except for the one by Sichieri et al (62)
showed a beneficial effect or trend of interventions to reduce SSB
intake on weight. The study by Sichieri et al (62) was a school-
based intervention that used focused education to discourage
consumption of carbonated SSBs, but according to the authors,
students compensated by increasing their consumption of sugar-
added juices and fruit drinks, which may explain the lack of
findings. However, in subgroup analysis, children who were
overweight at baseline showed greater BMI reduction in the
intervention group, which was significant among girls (62).
Similarly, Ebbeling et al (63) found more pronounced benefits of
the intervention among adolescents who were overweight at
baseline, and another study by Ebbeling et al (64), which was
conducted exclusively in overweight adolescents, showed the
strongest intervention effect among studies included in our

analysis. Combining Ebbeling et al (64) with the subgroup
findings from Ebbeling et al (63), we observed an increased
benefit of substituting noncaloric beverages for SSBs on weight
gain (20.64; 95% CI: 21.07, 20.21), suggesting that this type
of intervention may have greater impact on those who are
overweight. We were not able to include the subgroup findings
from Sichieri et al (62) in this secondary analysis because the
data were not available in the necessary units.

SSBs and body weight in adults

Prospective cohort studies

Our analysis of 1-y change in weight (kg) in adults was based
on 7 studies, including 8 comparisons and 170,141 men and
women. We found that each serving per day increase in SSBs was
associated with an additional weight gain of 0.22 kg over 1 y (0.22
kg; 95% CI: 0.09, 0.34 kg; I2 = 70.2%; P-heterogeneity , 0.001)
from the random-effects model (Figure 5). The estimate from the
fixed-effects model was significant but not as strong (0.12 kg; 95%
CI: 0.10, 0.14 kg). This is probably because the random-effects
model gives greater weight to smaller studies compared with the
fixed-effects model and there are a couple of small studies that are
outliers (estimates that fall outside of the 95% CI of other esti-
mates included in the analysis), such as Barone Gibbs et al (27)
and Chen et al (26). Meta-regressions for age at baseline (P =
0.32), duration (P = 0.37), use of an FFQ to assess diet (P = 0.26),
sample size (P = 0.48), and baseline weight status (P = 0.10) were

FIGURE 2. Changes in BMI (95% CI) per 1-serving/d increase in sugar-sweetened beverages during the time period specified in each study from
prospective cohort studies in children. Horizontal lines denote 95% CIs; solid diamonds represent the point estimate of each study. Open diamonds represent
pooled estimates, and the dashed line denotes the point estimate of the pooled results from the random-effects model (D+L). Study weights are from the
random-effects analysis (D+L). Pooled estimates from the random-effects analysis (D + L) and the fixed-effects analysis (I-V) are shown based on 15 cohort
studies (n = 25,745). The I2 and P values for heterogeneity are shown. D+L, DerSimonian and Laird; I-V, inverse variance.
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not significant. However, when we stratified the analysis by
baseline weight status, we observed greater although nonsignificant
weight gain in the 2 studies (27, 28) conducted in overweight
populations (1.22 kg; 95% CI: 20.23, 2.68 kg; I2 = 77.5%) com-
pared with nonoverweight populations (0.15 kg; 95% CI: 0.06, 0.24
kg; I2 = 50.3%). Excluding the study by Barone Gibbs et al (27)
from the overall analysis as an outlier reduced heterogeneity
somewhat (I2 = 59.8%). Excluding the study by Mozaffarian et al
(29) from the overall analysis, which had the largest sample size in
the meta-analysis, increased summary estimates for both the ran-
dom-effects model (0.31 kg; 95% CI: 0.11, 0.50 kg) and the fixed-
effects model (0.18 kg; 95% CI: 0.10, 0.26 kg) but did not reduce
heterogeneity (I2 = 71.3%).

Trials

A total of 5 studies including 6 comparisons with 292 men and
women were included in our analysis of trials in adults. We found
a significant difference in change in body weight (kg) between in-
tervention and control regimens (WMD: 0.85; 95% CI: 0.50, 1.20;
I2 = 0.0%; P-heterogeneity = 0.78) from the random-effects

model (Figure 6). The estimate from the fixed-effects model
was identical. All studies observed significantly greater weight
gain or trends toward greater weight gain in intervention com-
pared with control regimens, and there was no evidence of het-
erogeneity. When we stratified our analysis by baseline weight
status, we observed greater weight gain in intervention com-
pared with control regimens among the 3 studies conducted in
nonoverweight populations (WMD: 0.89; 95% CI: 0.52, 1.26;
I2 = 0.0%;) compared with the 2 studies conducted in over-
weight populations (WMD: 0.47; 95% CI: 20.70, 1.63; I2 =
0.0%;). Adding the study by Raben et al (59) to the analysis,
which was excluded because the intervention contained some
foods in addition to beverages (w70% beverages and 30%
food), increased the overall estimate but introduced some het-
erogeneity (WMD: 1.06; 95% CI: 0.54, 1.58; I2 = 46.3%;
P-heterogeneity = 0.08).

Publication bias

Visual inspection of funnel plots (see Supplemental Figures
1–5 under “Supplemental data” in the online issue) along with

FIGURE 3. One-year changes in BMI (95% CI) per 1-serving/d increase in sugar-sweetened beverages from prospective cohort studies in children using
a change versus change analysis strategy. Horizontal lines denote 95% CIs; solid diamonds represent the point estimate of each study. Open diamonds
represent pooled estimates, and the dashed line denotes the point estimate of the pooled result from the random-effects model (D+L). Weights are from the
random-effects analysis (D+L). Pooled estimates from the random-effects analysis (D+L) and the fixed-effects analysis (I-V) are shown based on 7 cohort
studies (n = 16,004). The I2 and P values for heterogeneity are shown. D+L, DerSimonian and Laird; I-V, inverse variance.
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Begg’s test suggested that publication bias was unlikely in our
analyses in children (all prospective cohort studies, P = 0.12;
prospective cohort studies evaluating change versus change, P =
0.88; trials, P = 0.47) and in trials in adults (P = 0.59). However,
for cohorts in adults there was suggestion of publication bias (P
= 0.02). This may be due to the lack of estimates in the bottom
right quadrant of the funnel plot, indicating a lack of publication
of small, null studies. However, this is complicated by the nar-
row spread of studies about the plot, which is likely a result of
the preponderance of large studies.

Qualitative review of studies not included in meta-analyses

A number of prospective cohort studies evaluating SSB
consumption and body weight in both children and adults were
excluded from our meta-analyses because we were not able to
obtain data in the necessary units from either transformations or
author correspondence. Among these studies in children, 9 of 11
supported the findings from our meta-analysis of a positive as-
sociation between SSBs and body weight (37–39, 41, 42, 44–47),
whereas 2 did not find an association (40, 43). Four studies
found significant positive associations between SSB consump-
tion and weight gain (44–47), with one study reporting associ-
ations for only boys (46). Four studies found positive
associations between SSB consumption and risk of developing

overweight or obesity (37–39, 42), with one study reporting sig-
nificant associations only among children who were at risk of
becoming overweight at baseline (37). One small study (n = 49)
found a positive association between SSB consumption and
change in waist circumference but not BMI z score among chil-
dren followed from age 3 to 6 y (41). Among studies that did not
find an association between SSBs and childhood body weight,
Wijga et al (40) suggested that their lack of findings among 1871
Dutch children followed from age 5 to 8 y might have been a re-
sult of reverse causation and selective underreporting by parents of
children who became overweight. In the study by Sugimori et al
(43), which was conducted in a cohort of 8170 Japanese children
followed from age 3 to 6 y, consumption amounts may have been
too low to observe significant between-group differences.

Similar to studies in children, the majority (4 of 6) of cohort
studies in adults that were excluded as a result of difficulty in
obtaining optimal units found positive associations between
SSBs and body weight in either primary analysis or subgroup
findings (52, 53, 55, 56), whereas 2 studies did not find significant
associations (51, 54). Among studies that evaluated baseline SSB
consumption and weight change, Bes-Rastrollo et al (53) found
that higher SSB consumption was associated with significant
weight gain among subjects with previous weight gain ($3 kg in
5 y before baseline) in a cohort of 7194 adults from Spain fol-
lowed for over 2 y. Odegaard et al (56) found that individuals

FIGURE 4. Weighted mean differences in BMI change (95% CI) between the intervention and control regimens from randomized controlled trials in
children. Interventions evaluated the effect of reducing sugar-sweetened beverages. Horizontal lines denote 95% CIs; solid diamonds represent the point
estimate of each study. Open diamonds represent pooled estimates of the intervention effect, and the dashed line denotes the point estimate of the pooled result
from the random-effects model (D+L). Weights are from the random-effects analysis (D+L). Pooled estimates from the random-effects analysis (D+L) and the
fixed-effects analysis (I-V) are shown based on 5 randomized controlled trials (n = 2772). The I2 and P values for heterogeneity are shown. D+L, DerSimonian
and Laird; I-V, inverse variance.
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with higher SSB consumption had a subtle but significant in-
crease in weight (0.53 kg) compared with those who did not
consume soft drinks (P , 0.001) in a large cohort (n = 43,580)
of Chinese Singaporeans with a mean weight change of 0.10 kg
over 5.7 y. In contrast, Fowler et al (54) did not find an asso-
ciation between SSBs and change in BMI in a small (n = 3371)
US cohort. The authors did, however, find a positive association
between artificially sweetened beverages and BMI change,
which they largely ascribed to reverse causation. Two studies
(52, 55) evaluating baseline SSB intake and risk of obesity
found significant positive associations, although the association
was significant only in women in the study by Inoue et al (55):
a Japanese cohort that included .75% women. The study by
Kvavvik et al (51), which evaluated change in SSBs and risk of
obesity in a small cohort from Norway (n = 422), found that risk
was increased for long-term high-SSB consumers ($3 servings/
wk) compared with long-term low consumers, although this
finding was not significant. Two large cohort studies (57, 58),
which were excluded because they were conducted in duplicate
populations of Mozaffarian et al (29), found significant positive
associations between SSB consumption and weight change.

Among trials in children not included in our meta-analysis, one
found an adverse effect of SSBs and body weight (49), whereas 2
did not find significant effects (48, 50), although the study by

James et al (48) was a follow-up analysis of a previous school-
based intervention (61). This study (48), along with the recent
RCT by Ebbeling et al (64), examined the sustained effects of
their interventions on body weight at 2 and 1 y postintervention,
respectively. Both of these studies found that the beneficial ef-
fects of the interventions dissipated after the interventions had
ended. We combined these studies and observed a summary
WMD in BMI between the intervention and control of 20.26
(95% CI: 20.53, 0.03), suggesting that, despite a beneficial
trend, the interventions did not have a sustained effect on weight
gain, highlighting the importance of active intervention. The
study by Albala et al (50), which evaluated replacing SSBs with
flavored milk beverages providing 80 kcal and 11 g carbohy-
drate/serving, did not find a beneficial intervention effect on
body weight. In contrast, the study by Sichieri et al (49), which
was excluded from our meta-analysis because it was a duplicate
study population, confirmed that consumption of SSBs is a sig-
nificant risk factor for BMI gain.

Among 2 studies that were excluded from our analysis of trials
in adults, one found an adverse effect of SSBs on body weight
(59), whereas the other evaluated a different study question re-
lated to weight loss (60). The study by Raben et al (59) was
excluded because the intervention combined beverages and foods
but found that body weight and fat mass increased in overweight

FIGURE 5. One-year changes (95% CI) in weight (kg) per 1-serving/d increase in sugar-sweetened beverages from prospective cohort studies in adults
using a change versus change analysis strategy. Horizontal lines denote 95% CIs; solid diamonds represent the point estimate of each study. Open diamonds
represent pooled estimates, and the dashed line denotes the point estimate of the pooled result from the random-effects model (D+L). Weights are from the
random-effects analysis (D+L). Pooled estimates from the random-effects analysis (D+L) and the fixed-effects analysis (I-V) are shown based on 7 cohort
studies (n = 174,252). The I2 and P values for heterogeneity are shown. D+L, DerSimonian and Laird; I-V, inverse variance.
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participants who consumed sucrose (mostly from beverages) and
decreased in those who consumed artificial sweeteners after 10
wk. The study by Tate et al (60) found that participants who were
assigned to caloric beverage replacement with water and diet
beverages compared with controls were twice as likely to have
achieved a 5% weight loss during 6 mo, although no significant
between-group differences in weight reduction were found.

DISCUSSION

Findings from our systematic review and meta-analyses of
prospective cohort studies and trials showed an overall positive
association between consumption of SSBs and body weight gain
in both children and adults with the exception of trials in children
from the random-effects model. On the basis of the totality of the
available evidence from prospective cohort studies, a 1-serving/d
increase in SSBs was associated with a 0.06-unit increase in BMI
over a 1-y period among children and adolescents and an ad-
ditional weight gain of 0.12 to 0.22 kg (w0.25–0.50 lb) over 1 y
among adults. In children, it is difficult to gauge the impact of
our findings, because weight gain in childhood varies as a
function of age, maturation, and growth velocity. Adult weight
gain in the general population is a gradual process, occurring
over decades and averaging w1 lb/y (29). Thus, eliminating
SSBs from the diet could be an effective way to prevent age-
related weight gain.

Our findings from trials generally support those from pro-
spective cohort studies. Trials in children were of 2 modalities,
either reducing SSBs by substitution with noncaloric beverages
or school-based education programs aimed at discouraging intake
of SSBs. In sensitivity analysis, we showed that the substitution
trials, which included 2 recent trials that were the most rigorous to
date (64, 65), resulted in significantly less BMI gain compared
with the education interventions. Some of the trials in our
analysis were “effectiveness trials” of behavioral modification
(eg, school-based education programs), which are useful in
evaluating real-world scenarios for policy decisions. However,
these studies evaluate intervention modalities more so than
causal relations because their findings are greatly affected by
intervention intensity and adherence. Thus, a lack of benefit
does not mean that the relation between SSBs and weight gain is
not causal but rather that the given modality might not be ef-
fective at changing behaviors.

The current set of analyses support findings from our previous
systematic review in children and adults (3) and meta-analysis in
children (4), both of which reported a significant link between
SSB consumption and weight gain. Our previous meta-analysis
(4) was a reanalysis of an article that did not find an association
between SSBs and BMI in children resulting from methodologic
errors and inclusion of coefficients that adjusted for total energy
intake (71). In contrast to these previous meta-analyses (4, 71),
here we conducted separate analyses for prospective cohort

FIGURE 6.Weighted mean differences (95% CI) in weight change (kg) between the intervention and control regimens from randomized controlled trials in
adults. Interventions evaluated the effect of adding sugar-sweetened beverages. Horizontal lines denote 95% CIs; solid diamonds represent the point estimate
of each study. Open diamonds represent pooled estimates of the intervention effect, and the dashed line denotes the point estimate of the pooled result from the
random-effects model (D+L). Weights are from the random-effects analysis (D+L). Pooled estimates from the random-effects analysis (D+L) and the fixed-
effects analysis (I-V) are shown based on 5 randomized controlled trials (n = 292). The I2 and P values for heterogeneity are shown. D+L, DerSimonian and
Laird; I-V, inverse variance.
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studies and trials, qualitatively reviewed studies that were not
included in our analyses, and independently evaluated prospec-
tive cohort studies that used a change versus change analysis.
This type of analysis has some of the features of a quasi-
experimental design, although it lacks the element of randomi-
zation in a clinical trial. An advantage of this design is the
generalizability to a noncontrolled setting, relative to a controlled
setting, because participants are able to change their diet and
lifestyle without investigator-driven intervention. We also in-
cluded a number of more recent cohort studies (11–15, 18, 19,
21) and trials (62, 64, 65) in children that were not included in
these previous analyses. To our knowledge, this is the first meta-
analysis to evaluate prospective cohort studies of SSBs and body
weight in adults. A previous meta-analysis of 6 trials found
a significant dose-dependent increase in weight among studies
that added SSBs to the diet but found no effect on BMI among
another 6 trials that attempted to reduce SSBs (72). However,
a significant benefit on body weight was observed among in-
dividuals who were overweight at baseline (72), a finding that
we also observed in children. These analyses combined studies
in children and adults and included various trials excluded from
our analyses, such as a study that substituted flavored milk for
SSBs (50), a doctoral dissertation, and a study of postinter-
vention follow-up after completion of the trial (48). Our anal-
yses also included more recent trials in children (64, 65) and
adults (67, 68, 70).

The studies included in our meta-analyses varied substantially
with respect to study design, exposure assessment, adjustment for
covariates, and specific outcomes evaluated. Although we did not
identify these factors as significant sources of heterogeneity, we
cannot rule them out. Estimates from cohort studies are also
likely to be underestimated because of random measurement
error in SSB assessment. The relatively high degree of un-
explained heterogeneity observed in our analyses may limit the
validity of our summary estimates. In addition, the data trans-
formations that we performed to obtain consistent units across
studies may further limit the validity of our estimates by imposing
various assumptions. Our assumption of a 12-oz serving size for
some studies, which is consistent with most cans and glasses, may
have introduced some random misclassification and further at-
tenuated our estimates. Publication bias is always a potential
concern in meta-analysis, but standard tests and visual inspection
of funnel plots suggested that there was limited evidence for
publication bias in most of our analyses. In addition, we were not
able to include a number of studies in our analysis because of
difficulty in obtaining consistent units; however, these studies
were reviewed qualitatively. Ascertainment of unpublished re-
sults via author correspondence may have reduced the likelihood
of publication bias, but it should be noted that our search was
limited to English-language publications and non-English reports
may exist.

Because observed associations between SSBs and weight may
be confounded by other diet and lifestyle factors, some scholars
have put into question the validity of findings from observational
studies. However, all of the cohort studies in our meta-analyses
adjusted for potential confounding by various diet and lifestyle
factors, and for most, a positive association persisted, suggesting
an independent effect of SSBs, although residual confounding by
unmeasured or poorly measured factors cannot be dismissed.
Results from rigorously conducted RCTs also support conclusions

from our observational analyses, further lending to their validity.
Risk of bias assessment suggested that most cohort studies were
of good quality and the majority of trials had a low or unclear risk
of bias for the domains that were evaluated. Longitudinal studies
evaluating diet and weight may also be prone to reverse cau-
sation. Although it is not possible to completely eliminate this
issue, studies with longer durations and repeated measures as in
our change versus change analyses are less prone to this process
(73).

SSBs can lead to weight gain through their high added-sugar
content, low satiety, and an incomplete compensatory reduction
in energy intake at subsequent meals after intake of liquid cal-
ories (3). On average, SSBs contain 140–150 calories and 35.0–
37.5 g sugar per 12-oz serving. In addition, fructose from any
sugar or HFCS has been shown to promote development of
visceral adiposity and ectopic fat deposition (74–77). Odegaard
et al (78) recently found in a cross-sectional analysis that in-
creased SSB consumption was associated with an adverse ab-
dominal adipose tissue deposition pattern. Numerous societies
and organizations including the American Heart Association, the
American Academy of Pediatrics, and the US 2010 Dietary
Guidelines technical review committee have called for re-
ductions in intake of SSBs to help prevent obesity and improve
overall health. Our meta-analyses offer additional support for
these recommendations. Our results also suggest the need for
targeted strategies to reduce SSB consumption among high-risk
populations, particularly children who are already overweight to
prevent further weight gain, and highlight the importance of
sustained strategies. The studies included in our analyses eval-
uated risk or prevention of weight gain rather than weight loss.
From a public health point of view, identifying dietary determinants
of weight gain is critical for reducing obesity prevalence because
once an individual becomes obese, it is increasingly difficult to
achieve and maintain weight loss (79).

In conclusion, our systematic review and meta-analyses pro-
vide additional evidence that SSB consumption is associated with
weight gain in both children and adults. Our findings have broad
implications for developing public health strategies and policies
targeting SSBs for weight control and obesity prevention.
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