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Abstract
We provide arguments to the debate question and update a previous meta-analysis with recently
published studies on effects of sugar-sweetened beverages (SSBs) on body weight/composition
indices (BWIs). We abstracted data from randomized controlled trials examining effects of
consumption of SSBs on BWIs. Six new studies met these criteria: 1) human trials, 2) 3 weeks
duration, 3) random assignment to conditions differing only in consumption of SSBs, and 4)
including a BWI outcome. Updated meta-analysis of a total of seven studies that added SSBs to
persons’ diets showed dose-dependent increases in weight. Updated meta-analysis of eight studies
attempting to reduce SSB consumption showed an equivocal effect on BWIs in all randomized
subjects. When limited to subjects overweight at baseline, meta-analysis showed a significant
effect of roughly 0.25 standard deviations (more weight loss/less weight gain) relative to controls.
Evidence to date is equivocal in showing that decreasing SSB consumption will reduce the
prevalence of obesity. Although new evidence suggests that an effect may yet be demonstrable in
some populations, the integrated effect size estimate remains very small and of equivocal
statistical significance. Problems in this research area and suggestions for future research are
highlighted.
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INTRODUCTION
The proposition we have been asked to address and for which we evaluate the available
evidence is as follows:

“There is sufficient scientific evidence that decreasing sugar-sweetened beverage (SSB)
consumption will reduce the prevalence of obesity and obesity-related diseases.”

What we are debating
In examining the proposition, it is useful to carefully consider several of its components as
follows:

Sufficient Evidence—The word sufficient invites the question, sufficient for what? As the
remainder of the proposition indicates, the answer is for drawing a conclusion that
decreasing SSB consumption will reduce the prevalence of obesity and obesity-related
diseases. This must be distinguished from the question of sufficiency for taking public
health action or guiding public health policy. What constitutes sufficiency for actions (as
opposed to drawing conclusions) is not a purely scientific question that can be answered
objectively. Such decisions depend only in part on scientific evidence of the likely effects of
those actions and also depend on other inputs including but not limited to legal authority,
moral values, and personal tastes, none of which are determined by empirical evidence. The
question “Is there sufficient evidence for action” is inherently subjective and depends on
which action, in which regulatory context, and according to whose tastes and moral values?
As Sir Austin Bradford Hill wrote, “The evidence is there to be judged on its merits and the
judgment …should be utterly independent of what hangs upon it – or who hangs because of
it.” (1)

Scientific Evidence—We are not asked for conjecture, but rather whether empirical
evidence exists showing that decreasing SSBs has the effects stated. We therefore examine
the highest quality evidence available in the form of randomized controlled trials (RCTs).
Because such trials are ethically possible and have been performed, we assert that this type
of scientific evidence supersedes correlation or cohort studies (2). When RCTs are not
possible, other evidence must be amassed to attempt to inform causation. However, RCTs
are possible to address this question and data are available. Hence, we rely on these results
in the present case as they are probative (by probative we mean studies which can generate
evidence which settles questions by proving or disproving propositions, as opposed to
simply influencing the strength of speculation) with respect to causation (3).

Decreasing—We cannot assume that the effects of decreasing consumption are the
opposite (direction and magnitude) of the effects of increasing consumption. Therefore, we
provide examinations of available experimental reports that evaluate both interventions so as
to quantify the observed effects in each case.

Reduce the prevalence of obesity and obesity-related diseases—As to “obesity-
related diseases,” one must first demonstrate an effect on obesity to suggest an effect on
obesity-related diseases. Else in what way can the diseases be said to be obesity-related? We
therefore focus our present meta-analysis on studies of the effect on body weight or body
composition.

What we are not debating
Just as we have clarified the proposition being debated, it is equally important to not be
distracted by questions that we have not been asked to address. For example, we have not
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been asked to address whether obesity is a crisis, if fructose is toxic, are some sugars worse
than others, are food company marketing budgets too large, have portion sizes increased to
absurd levels, do SSBs affect dental caries, are pictures of an average American’s sugar
consumption dramatic, is liberty better than paternalism (or vice versa), is food marketing
like tobacco marketing, or do we sometimes need to take public health actions in the
absence of strong evidence. Although these are provocative questions, they are not germane
to the necessary evaluation of evidence regarding the question we have been asked to
debate. Yet we mention them because they and similar questions are often introduced into
such discussions and serve as emotion-raising distractions to an evaluation of the pertinent
evidence.

There is Evidence to Support Conjecture
We freely concede that there is evidence to support the conjecture that reducing SSB
consumption might reduce obesity and obesity-related diseases. However, many of these
data are not probative in terms of causation. Specifically, there are three forms of human
evidence supporting this conjecture.

First, we address ecological correlation. SSB consumption has risen just as obesity rates
have risen (4). This is the weakest form of evidence available. Other beverage consumption
patterns (e.g., bottled water (5) depicted in Figure 1) have also demonstrated a strong
correlation with the obesity epidemic in the United States (5–7).

Second, we note an association in some observational studies (8–10). Whereas there is an
ever-growing body of epidemiologic studies, some of which demonstrate statistically
significant associations, it is well known that association does not establish causation.
Moreover, the association is weak (11), inconsistent (12, 13), and biased (14), as we will
discuss later. Again, as Dr. Hu (our debate opponent) wrote, “Although the overall results
were not entirely consistent, the weight of epidemiologic and experimental evidence
indicates greater consumption of sugar-sweetened beverages is associated with weight gain
and obesity in children and adults. However, the existing studies suffer from many
methodological limitations, including cross-sectional design, small sample size, short
follow-up, inadequate dietary assessment, and a lack of repeated measures of diet and
lifestyle….any single dietary factor is unlikely to have a large effect on body weight.” (13)

For the third and final point which supports conjecture, we acknowledge that lesser
compensation with liquid versus solid calories has been found in some in short-term feeding
studies (15–17). By compensation, we refer to the definition provided by Mattes (18)
whereby later energy intake may be reduced to compensate for preloads or added calories
from some other intervention. It must also be acknowledged that compensation for added
intake may also take the form of altered energy expenditure, which can offset the intake
component of energy balance. Few feeding studies examine this component. Additionally,
short-term feeding effects are by no means equivalent to long-term weight effects (19).
Moreover, the short-term effects are inconsistent, with some studies showing near perfect
compensation for liquid calories (11, 20, 21) and others showing imperfect but equivalent
(between forms) compensation to solid calories (22). Finally, there is far more than zero
compensation as implied by common and exaggerated public statements such as, “When we
drink sugary beverages, we simply do not compensate by eating less food” (23) or “Liquid
calories don’t register with our appetite controls” (24).

We agree with Dr. Pan and Dr. Hu’s statement in 2011 that “… the isolated tests in the
laboratory may not be directly reproduced in real life because the effect of any food or food
component on satiety could be influenced by other dietary factors. Thus, results from short-
term, well-controlled interventions may not be representative of a real-life setting, and long-
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term clinical trials on different physical forms of carbohydrates on energy intake and weight
management are still lacking”(25). Later in this article, we provide even more compelling
evidence from longer-term trials on weight that some compensation for added liquid calories
indeed occurs.

Evaluation of Evidence to Draw Scientifically Supported Conclusions
When randomized trials can be performed ethically and safely (which they have been), these
study results are the strongest level of evidence of independent effects. Many scientists who
have gone on record on the question we now debate have acknowledged the limitations of
association studies and the need for well-designed randomized trials (13, 26–28). If these
scientists are also not convinced without such trials, it is curious that strong statements are
then made about weaker forms of evidence. Use of Hill’s guidelines (1) is irrelevant in the
instance of the effects of SSBs on weight because randomized trials can be done (and have
been done). In such situations, the ‘totality’ of the evidence, including evidence that is not
probative, should not be relied upon for drawing conclusions of causation in favor of the
probative studies. More recent trials have taken steps to reduce the level of bias (29, 30) and
future studies may advance this effort further.

Specific Questions We Address By Use of the Best Available Evidence
1. Does an increase in SSB intake increase body weight or body mass index (BMI) in

humans?

2. Does reduction of SSB intake reduce body weight or BMI in humans?

We now evaluate and summarize the currently available evidence that could potentially be
probative with respect to drawing conclusions about the effects of SSB reduction on weight
or obesity.

METHODS
See supplemental material online for details of the updated literature review, study selection,
and data extraction methods. As the present paper was in review, an additional study
meeting our criteria became public as a conference abstract (31). This trial tested the effects
of home water delivery and an educational program to reduce SSB consumption in
overweight, adult, Mexican women as compared to the education-only control group. Based
on the available information in the abstract, we were unable to formally include this study
result in our meta-analysis but we discuss the possible effects on our conclusions using
estimates from data reported in the abstract in the next section on results.

RESULTS
The Extent of the Data Available: Studies Included and Excluded

Table 1 contains a brief listing and description of the six new studies (29, 30, 32–36) added
for meta-analysis. We provide more details of each study in the supplementary material
online. Figure S1 in the supplementary material online contains a flow chart of the screening
and selection of recently published studies.

In the three new studies in which SSBs were added [90 to 500 kcal/day to the diets of adults
(30, 34); 158 kcal/day in children (36)], statistically significant weight gain was observed in
both adult trials, ranging from 0.39 to 1.14 kg (Table S1 in the supplementary material
online). No significant difference in weight gain was observed in the study in children
between the treatment and control participants (36). When we compared observed weight
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gain to theoretical weight gain from added SSBs in all RCTs published to date (Figure 2),
compensation appeared to occur in longer-term studies.

In the one new study of adults (35) and the two new studies of children (29, 32, 33) in which
participants who drank some amount of SSBs at baseline were asked to eliminate or reduce
their SSB consumption, standardized mean differences in percentage weight loss or BMI
reduction ranged from 0.13 to 0.33 (Table S2 in the supplementary material online). The
overall results for added SSBs (small but statistically significant weight gain; Figure 3) or
for reduced SSBs in subjects of all weight ranges (small and not statistically significant
weight loss; Figure 4) did not differ greatly from our earlier analysis (37).

In new studies in which all participants were overweight or obese at baseline standardized
mean differences ranged from 0.13 to 0.73 (Table S3 in the supplementary material online).
In combination with earlier studies or subgroup analysis of the effects of reducing SSBs on
overweight subjects (Figure 5), the overall standardized mean difference was 0.25 [95%
confidence interval (CI): 0.13 to 0.38 standard deviations, p < 0.0001].

In the newly published study by Hernández-Cordero, et al. (31), the authors reported no
significant effect with a p-value of 0.50. Assuming this is a two-tailed p value, the reported
sample size yields an effect size of either −0.086 or +0.086. The means were not reported so
we cannot determine the direction. If the sample effect size were +0.086, then the summary
statistic would not change at all from the summary estimate and confidence interval shown
in Figure 4. Alternatively, if the sample effect size was −0.086, the summary estimate would
be reduced towards zero (from 0.06 to 0.05) and remain statistically non-significant.
Similarly, for the analysis shown in Figure 5 for subjects overweight at baseline, the
addition of this study would shift the overall estimate from 0.25 to 0.21, or as low as 0.17
depending on direction of observed effect.

Assessment of Study-Level Risk of Bias—Figure S2 (supplementary material online)
summarizes our cumulative assessment of potential areas of bias of the pertinent studies to
date. The most important areas for risk of bias overall come from lack of participant
blinding and selective reporting. Some study designs failed to adequately isolate treatment
effects from the attention researchers paid to some groups. Additionally, only two studies’
protocols (29, 34) had an objective measure of participant compliance (returned containers,
urinary sucralose measures), making cross-comparisons and estimates of true effects
difficult. Failure to mention whether assessors were blinded was common (10 out of 15
studies), further clouding assessment of potential sources of bias.

Assessment of Publication Bias—Figures S3-S5 (supplementary material online) are
funnel plots (38) for the assessment of potential publication bias from only the published
studies and analyses for each of the three groups of designs or populations we analyzed
(excluding some analyses we performed on data not published but received upon request).
We also evaluated potential publication bias by using the rank correlation test (39). We
found no present evidence of publication bias for studies on the effects of adding SSBs (30,
34, 36, 40–42); p = 0.805), for studies on the effects of reducing SSBs in all weight
categories (29, 33, 35, 43–46); p = 0.976), or for studies on the effects of reducing SSBs in
subjects who were overweight at baseline (33, 35, 43, 44, 46); p = 0.858).

Sensitivity Analysis
Age Differences: There was unequal representation of age groups among the types of trials.
The added SSB studies were all on adults except one (36), and the reducing studies were
predominantly in children with two exceptions (35, 47). Therefore, we evaluated the overall
summary effects by excluding the studies referenced above. The overall standardized mean
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difference (SMD) for the added SSB studies (adults only) increased by 0.06 (to 0.34; 95%
CI: 0.15 to 0.54). The overall SMD for the reduction of SSBs in children of all weight
categories was reduced by 0.01 (to 0.07; 95% CI: −0.01 to 0.15). The overall SMD for the
reduction studies in children only who were overweight or obese at baseline increased by
0.05 (to 0.30; 95% CI: 0.13 to 0.46). These results are not largely different from the
combined analysis reported in Figures 4–6. Per the convention put forth by Cohen (48),
these standardized effects would all be categorized as “small.”

Study Heterogeneity in Reduction Studies: Because the heterogeneity statistic was
significant (Figure 4) in the reduction studies in both weight groups, we evaluated which
study exerted the most influence for its effects on the overall SMD (46). Exclusion of this
study resulted in a nonsignificant heterogeneity statistic (χ2

(6) = 10.15, P = 0.12, I2 = 41%)
and an increased overall SMD of 0.13 (95% CI: 0.04 to 0.22). These analyses shifted the
overall statistics by relatively small amounts when considering the observed shifts in body
weight among the analysis groups.

Interpreting the Magnitude of Effects: At this juncture, it may be helpful to express the
estimated effect sizes for SSB reduction on BMI in some additional metrics which may ease
interpretation. One such metric is the probability that a randomly selected person from a
hypothetical population in which SSB reduction was implemented will be better off (with
respect to BMI) than a randomly selected person from a hypothetical population that is the
same in all ways except that SSB reduction has not been implemented. Without intervention,
the probability is 0.50 that a person from one population weighs more than a person from the
other population. After the interventions included in our analysis, these probabilities would
change slightly. The probability that a randomly selected person from the reduced SSB
population will have lower BMI than a person randomly selected from the control
population would be 0.52. The probability that a randomly selected overweight person from
the reduced SSB population will have a lower BMI than an overweight person randomly
selected from the control population would be 0.57.

Another way to place the effect sizes in perspective is to consider the r2 metric shown in
Figures 3–5. Increasing consumption of SSBs explains 1.92% of the variance in body weight
or BMI change. Reducing consumption of SSBs in persons of all weight categories explains
0.09% of the variance in body weight or BMI change. Among persons who are overweight
or obese at baseline, reducing the consumption of SSBs explains 1.54% of the variance in
body weight or BMI change. It is possible to apply other methods such as risk analysis for
evaluating potential effects on population levels of obesity (49), but that is beyond the scope
of the present analysis.

ADDITIONAL CONSIDERATIONS
Having demonstrated that, although the conjecture that decreasing SSB consumption will
decrease obesity and obesity-related diseases is reasonable, the pertinent data testing the
hypothesis are equivocal (i.e., the pooled results are nearly but not quite statistically
significant), we now address several related questions.

If the data are as weak as we have shown, why do some members of the public and the
scientific community seem to perceive that the proposition has been proven?

We suggest three major reasons for this confusion.

Emotion-Raising Language—Emotion-raising language has often been used in
discussions of SSBs and obesity. Some authors have used words like “plague” (50), “toxic”
(51, 52), “hazardous” (4, 53), and “deadly” (4, 54) when describing SSBs or the sugars they
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contain and have tried to promote perceived connections between SSB marketers and the
worst behavior of tobacco marketers (55). Although such words may help to advance an
agenda (56), they do not educate or inform the public. Moreover, they likely raise emotions
and impair logical reasoning (57). As Kersh and Morone (56) wrote, “Scientific findings
never carry the same political weight as does a villain threatening American youth. If critics
successfully cast portions of the industry in this way, far-reaching political interventions are
possible, even likely. When an industry becomes demonized, plausible counterarguments
(privacy, civil liberties, property rights, and the observation that “everyone does it”) begin to
totter.”

Distortion of Scientific Information—A second factor that has likely contributed to
misperceptions in this area is the distortion of scientific information by some authors and
commentators. Table 2 lists some of the types of distortion that have occurred with
quantitative or anecdotal documentation. Figure 6 depicts disparities in projected versus
actual outcomes of the effects of added SSBs over 1 year. Clearly, such practices mislead
and have likely contributed to misperceptions in the scientific and lay communities about the
strength of the evidence regarding the proposition debated here.

The Mere Exposure Effect—The final factor that we believe has led to the erroneous
perception that the evidence showing that the proposition of this debate has been
unequivocally proven is the “mere exposure effect.” The mere exposure effect is the label
psychologists use for the phenomenon that the more a person is exposed to an idea, the more
they come to like and accept it. As the Nobel Prize-winning economist Daniel Kahneman
described, “A reliable way to make people believe in falsehood is frequent repetition,
because familiarity is not easily distinguished from truth. Authoritarian institutions and
marketers have always known this fact. But it was psychologists who discovered that you do
not have to repeat the entire statement of a fact or idea to make it appear true” (58).

The number of articles on SSBs and obesity and the number of statements that SSBs are
especially problematic in obesity are extraordinary, especially in comparison to the modest
amount of probative data (3). Thus, opinions about SSBs may have been offered so often
that these opinions have become accepted as fact by many in the scientific community,
media, and lay public.

Are we alone in the view that a beneficial effect of SSB reduction on obesity has not been
demonstrated?

In a word, no. As the quotations in Table 3 reveal, our views are concordant with those of
other individual scientists and authoritative expert panels.

What would it take to shift the balance of evidence?
In a possibly apocryphal interchange, a devotee of Karl Popper’s philosophy of science once
challenged the great mathematical geneticist J. B. S. Haldane to specify what it would take
to change his views about the validity of evolutionary theory. Haldane reportedly retorted
“Fossil rabbits in the Precambrian!” Though a poetic retort, Haldane was effectively
specifying objective empirical evidence that would be sufficient for him to change his view,
something any scientist addressing empirical questions should be prepared to do.

In the debate at The Obesity Society Meeting (September 20, 2012), the senior author
[DBA] stated:

“The day that multiple RCTs are published that

• are well designed, executed, and analyzed;
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• show statistically significant outcomes in preplanned analyses of the total
randomized sample on measures of total body weight, BMI, or total body fat and
clearly support the value of reducing SSBs; and

• are sufficient in inferential weight to outweigh the existing RCT data;

I will be delighted to modify my opinion.”

The day after the debate (September 21, 2012), two new RCTs were published (29, 33).
These two publications together met some (but not all) of the criteria specified above as we
discussed earlier. Most notably, their collective evidential weight moved the integrated
meta-analytic estimate for the effects of SSB reduction very close to the border of the
conventional 0.05 level of statistical significance. For this reason, we believe that these two
new studies can be described as “tilting the needle” in the direction of demonstrating the
obesity-reducing benefit of SSB reduction, but that the data remain equivocal. Nevertheless,
we remain open-minded that future RCTs (and according to ClinicalTrials.gov some will be
forthcoming) may fulfill the criteria above and offer unequivocal support for the proposition.

We also suggest that the following approaches can increase the transparency of, and
confidence in, RCTs in this area: 1) registering all RCTs in advance in ClinicalTrials.gov; 2)
making the raw data from all RCTs publicly available for common and open analyses,
regardless of the source of funding; 3) providing documentation via ClinicalTrials.gov as to
which analyses are (were) preplanned; and 4) publishing all results regardless of outcome.
These are laudable practices in all situations, but especially important in an area that has
become so contentious.

How does the strength of evidence for conclusions relate to support for actions?
As we mentioned earlier, we are not addressing whether any particular policy or program
should or should not be implemented. Rather, our sole purpose has been to present a
synthesis of the currently available literature that provides an estimate of the degree of
evidence for the debate proposition. Moreover, it is important to note that our paper assessed
the evidence for effect of reducing SSB consumption, which should not be conflated with
the effects of particular policies (e.g., taxes, bans, advertising campaigns, etc.) intended to
reduce SSB consumption. The effects of any such policies represent a different question and
not one for which we have evaluated the evidence.

The question of whether the available evidence is sufficiently strong to justify a particular
action is a subjective one subject to societal perceptions, values, goals, and the plausibility
of unintended consequences (59) (60). This is illustrated by quotations from two
authoritative sources on this point as food for thought:

“Since taking office, the President has emphasized the need to use evidence and rigorous
evaluation in budget, management, and policy decisions to make government work
effectively. …Where evidence is strong, we should act on it. Where evidence is suggestive,
we should consider it. Where evidence is weak, we should build the knowledge to support
better decisions in the future.” (61)

“On fair evidence we might take action on what appears to be an occupational hazard, e.g.
we might change from probably carcinogenic oil to a non-carcinogenic oil in a limited
environment and without too much injustice if we are wrong. But we should need very
strong evidence before we made people burn a fuel in their homes that they do not like or
stop smoking the cigarettes and eating the fats and sugar that they do like.” (1)
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CONCLUSIONS
Our updated meta-analysis shows that the currently available randomized evidence for the
effects of reducing SSB intake on obesity is equivocal. Even if statistical significance is
ignored, the point estimates of effects on BMI reduction are small, accounting for only 1.5%
of the variance observed in those who were overweight at baseline. Therefore, we conclude
that the debate proposition cannot be supported at this time. Of course, absence of evidence
is not evidence of absence. The lower limit of the confidence interval around the estimated
effect of SSB reduction is very close to the border of statistical significance. It is certainly
possible that additional, larger, or otherwise stronger studies will in the future provide clear
and convincing evidence that lowering SSB consumption will reduce obesity and obesity-
related disease prevalence. We are certainly not arguing against the common-sense
recommendation that for individuals who wish to lose weight and who presently drink large
amounts of SSBs, reducing intake of these and other sources of energy seems wise.

We greatly respect our debate opponent, Dr. Hu, for addressing these issues in a manner that
is both thoroughly scientific and equally collegial. We are hopeful that this debate may be
seen not only as a careful consideration of the evidence regarding SSBs and obesity, but also
as an exemplar of and call to a more informed, unexaggerated, open-minded, rational, and
civil dialogue on the many public health issues around obesity that, like SSB-related issues,
have become so contentious.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Rise in obesity rates (62) (round markers) and bottled water consumption (5) (square
markers), United States.
BMI = body mass index, kg/m2
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Figure 2.
Observed (30, 34, 40–42, 63) versus theoretical (64) weight gain effect of mandatory sugar-
sweetened beverage (SSB) consumption.
Notes: For observed values on the Y axis, weight change was determined by the change of
those drinking more SSBs minus those drinking less. The X axis was determined by
multiplying the added kcal per day times the duration of the study divided by 1000. Fit lines
were generated by setting the origin to zero and by using the linear regression (least squares)
options in Microsoft® Excel. The theoretical values (round markers) were generated by
entering mean baseline values for each study sample into the NIDDK Body Weight
Simulator (64) and adding the same number of calories per day for the same number of days
as reported in the studies (30, 34, 40–42, 63). Activity settings in the simulator were at the
lowest level of sedentary and no activity or dietary changes over the study duration were
entered into the simulator. Observed data represent an average energy compensation rate of
85% (range = 57% – 110% compensation).
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Figure 3.
Forest plot comparing studies of added sugar-sweetened beverage (SSB) consumption.
Note: R square values were calculated from the overall standardized mean difference
estimate (d) per the method found in (65).
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Figure 4.
Forest plot comparing studies of reduced sugar-sweetened beverage (SSB) consumption;
subjects in all weight categories included.
Note: R square values were calculated from the overall standardized mean difference
estimate (d) per the method found in (65).
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Figure 5.
Forest plot comparing studies of reduced sugar sweetened beverage (SSB) consumption;
only subjects overweight/obese at baseline included.
Note: R square values were calculated from the overall standardized mean difference
estimate (d) per the method found in (65).
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Figure 6.
Comparison of weight gain attributed to consumption of sugar-sweetened beverages for one
year from various sources.
Note: For the Haub study, the weight change shown above is adjusted by subtracting the
control group weight change.
* Body Mass Index of 27.8 kg/m2 (NHANES 2010 50th percentile for both men and women
in the United States (66) entered into NIDDK body weight simulator (64).
+(67) # (68) $ (69)
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