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Abstract
In recent decades, temporal patterns in SSB intake have shown a close parallel between the upsurge
in obesity and rising levels of SSB consumption. SSBs are beverages that contain added caloric
sweeteners such as sucrose, high-fructose corn syrup or fruit-juice concentrates, all of which result
in similar metabolic effects. They include the full spectrum of soft drinks, carbonated soft drinks,
fruitades, fruit drinks, sports drinks, energy and vitamin water drinks, sweetened iced tea, cordial,
squashes, and lemonade, which collectively are the largest contributor to added sugar intake in the
US. It has long been suspected that SSBs have an etiologic role in the obesity epidemic, however
only recently have large epidemiological studies been able to quantify the relationship between SSB
consumption and long-term weight-gain, type 2 diabetes (T2DM) and cardiovascular disease (CVD)
risk. Experimental studies have provided important insight into potential underlying biological
mechanisms. It is thought that SSBs contribute to weight gain in part by incomplete compensation
for energy at subsequent meals following intake of liquid calories. They may also increase risk of
T2DM and CVD as a contributor to a high dietary glycemic load leading to inflammation, insulin
resistance and impaired β-cell function. Additional metabolic effects from the fructose fraction of
these beverages may also promote accumulation of visceral adiposity, and increased hepatic de
novo lipogenesis, and hypertension due to hyperuricemia. Consumption of SSBs should therefore be
replaced by healthy alternatives such as water, to reduce risk of obesity and chronic diseases.

Introduction
In recent decades the world has seen an unprecedented rise in the prevalence of overweight
and obesity as global shifts in diet and lifestyle increasingly promote positive energy balance.
The World Health Organization’s latest projections indicate that globally in 2005
approximately 1.6 billion adults were overweight (BMI ≥ 25 kg/m2) and at least 400 million
were obese (BMI ≥ 30 kg/m2), numbers which are projected to reach 2.3 billion and 700 million,
by 20151. The percentage of overweight and obese adults in the US increased from 47% and
15% respectively in the late 1970’s to over 66% and 33% in 2005–2006, with the greatest
proportion of increase observed in Non-Hispanic black and Mexican-American women 2. Of
particular concern is the magnitude of increase occurring among children and adolescents.
According to national survey data over the past 3 decades, the prevalence of obesity (sex-and
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age-specific BMI > 95th percentile), has more than doubled across all age groups and is
currently 12.4 % in those aged 2–5 years, 17% in those aged 6–11 years and 17.6% in those
aged 12–19 years3 (figure 1). These estimates are well above the objectives set for Healthy
People 2010, which aim to reduce obesity prevalence to less than 15%4. Similar trajectories
of increase are being seen across the globe to varying degrees depending on country, region
and stage of epidemiologic transition, as many lower- income countries become increasingly
urbanized5, 6. A recent pooling analysis from 106 countries indicates that overweight and
obesity are indeed significant and increasing public health challenges in most regions of the
world including India, China, South East Asia, the Pacific islands, Latin America, the Middle
Eastern crescent, and sub-Saharan Africa7. The implications of obesity are far reaching, from
both a health and economic standpoint. Excess bodyweight is the sixth most important risk
factor contributing to the overall global burden of disease8. Epidemiologic studies indicate that
overweight and obesity are important risk factors for of type 2 diabetes (T2DM), cardiovascular
disease (CVD), several cancers and premature death8. In the US, health care costs attributable
to obesity were estimated at $147 billion per year by 20089. Such excess costs could have
serious repercussions for developing countries which must manage co-existing chronic and
infectious disease.

One of the most well established risk factors for T2DM is increased adiposity, particularly
around the central depots. Examination of temporal trends in the US show a 10-year lag
between the upsurge of obesity and rising rates of T2DM10. Nationally representative data
from the US show that T2DM increased from 5.3 % between 1976–1980 to 12.6 % three
decades later 9, 11, 12. Paralleling the global trends in obesity prevalence, T2DM has also
emerged as a global public health concern. The International Diabetes Federation (IDF)
estimated that in 2007, over 240 million people had T2DM worldwide and this number is
projected to reach 380 million by 2025, at which time, 80% of the disease burden will be in
low and middle income countries13. Asia plays a critical role in this epidemic as it houses some
of the worlds’ most populous countries and risk of T2DM occurs at a younger age and lower
BMI among individuals of Asian ancestry, compared to other ethnicities5. Certain Pacific
Island populations are already facing prevalence rates as high as 40% 14. In the past, T2DM
prevalence in sub-Saharan Africa was considered negligible. However, with 70% of the
population expected to reside in urban areas by 2025, T2DM and other chronic diseases are
rising rapidly 15. In 2007, the IDF estimated that 10.4 million people were living with T2DM
in sub-Saharan Africa; a figure expected to reach 18.7 million by 2025, representing an 80%
increase 13.

Against a backdrop of a worldwide pandemic of obesity and related chronic diseases,
identification of modifiable risk factors for prevention efforts is paramount. For example the
American Heart Association recently released a scientific statement recommending reductions
in added sugars intake to no more than 100–150 kcal per day for most American women and
men respectively, as a means of reducing cardiovascular disease (CVD) risk 16. The statement
identified sugar sweetened beverages (SSB) as the primary source of added sugars in the
American diet. SSBs which includes the full spectrum of soft drinks, fruit drinks, energy and
vitamin water drinks are comprised of naturally derived caloric sweeteners such as sucrose,
HFCS or fruit-juice concentrates, all of which have similar metabolic effects. Indeed a number
of large scale epidemiological studies have found consistent positive associations between SSB
consumption and long-term weight gain and risk of chronic diseases including metabolic
syndrome (MetSyn), T2DM and CHD. SSB consumption is thought to lead to weight-gain
because of the high added sugars content and low satiety of these beverages and incomplete
compensation for total energy at subsequent meals following intake of liquid calories17. In
addition, because of their high amounts of rapidly absorbable carbohydrates such as sucrose
or high-fructose corn syrup (HFCS), coupled with the large quantities often consumed, SSB’s
may increase risk of T2DM independent of obesity as a potential contributor to a high dietary
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glycemic load (GL) leading to inflammation, insulin resistance, and impaired beta-cell function
18–20. Fructose from any sugar or HFCS may further increase CVD risk by promoting
dyslipidemia and deposition of visceral fat, possibly due to increased hepatic de novo
lipogenesis and hypertension due to hyperuricemia14, 21 22. Here we discuss temporal trends
in SSB intake, the epidemiological evidence linking SSB’s to increased risk for developing
obesity, T2DM and MetSyn, other metabolic diseases and overall cardiovascular risk as well
as consideration of potential underlying biological mechanisms.

Trends of SSB intake
Time-trend data over the past 3 decades has shown a close parallel between the obesity
epidemic and rising levels of SSB consumption. Nationally representative estimates from the
US show a steady increase in per capita calories from SSBs in both children and adults starting
from the mid 1960’s (figure 2)23. At the same time, a decrease in calories consumed from milk,
has taken place, particularly among children, while juice consumption has remained relatively
stable across all age-groups. The most recent data show that children and adults consume about
172 and 175 kcal per day respectively from SSBs24. It has been estimated that percent of total
daily calories from SSBs increased from 3.9% in the late 1970’s to 9.2% in 2001, representing
more than a 2-fold increase in intake25. Particularly dramatic increases among individuals
under age 40 years are generally driving these trends. Among those aged 2–19 years, SSB
intake increased from 4.8% to 10.3% of total energy intake and among those aged 19–39 years
intake increased from 5.1% to 12.3% of total energy intake25. Similar trends of increase have
been shown in Mexico, where SSBs currently account for 10% of total energy intake26. Large
per capita consumption has also been observed across Germany, Australia, Spain and Great
Britain27.

A lack of large scale dietary intake data from a number of countries makes it difficult to examine
global trends in SSB intake. However, food disappearance data show rapid increases in
consumption of sugars across the globe, which have been particularly marked in China, India,
Vietnam, Thailand, and other Southeast Asian countries27. Sales figures from coca cola’s 2007
annual report show that during 2007, India, and China experienced unit case volume growths
of 14% and 18% respectively, which indicates substantial increases in sales at the consumer
level28. Findings from small food consumption studies from various countries including South
Africa, the Philippines and New Zealand are also indicative of high consumption levels29–31.

Epidemiologic evidence
Cross-sectional studies

A large number of cross-sectional studies have been conducted to evaluate the association
between SSB intake and overweight or obesity. Malik and colleagues reviewed the literature
until 200632. Of the 13 studies conducted among children and adolescents, the majority found
significant positive associations or trends towards a positive association. Larger studies tended
to show stronger more consistent results. For example findings from the Growing Up Today
study (GUTs) which included > 10,000 children and adolescents from the US showed that in
girls consumption of SSBs was associated with a 0.06 unit increase in BMI per serving
(p=0.04).33 These findings are supported by those from combined NHANES surveys which
showed that consumption of SSBs contributed a higher proportion of total energy in overweight
compared to normal weight individuals34. Among studies conducted in adults, one found a
greater probability of being overweight in subjects with higher SSB intake levels35 and the
other observed that women who consumed SSBs regularly were 0.47 pounds heavier than non-
consumers36. Few cross-sectional studies have evaluated metabolic consequences of SSB
consumption but in cross-sectional analysis of Framingham Offspring data, the prevalence of
MetSyn was significantly higher in soft drink consumers compared to non-consumers37.
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Since cross-sectional studies usually evaluate the exposure and outcome at the same point in
time they are not able to establish a temporal sequence and infer causality. They are also prone
to intractable confounding, reverse causation, and recall bias. For these reasons cross-sectional
studies have limited utility in chronic disease epidemiology outside of hypothesis generation.
Instead, prospective cohort studies, which study a group of people over time, provide more
robust evidence and are the most widely accepted method to capture long term diet and disease
relationships. Short term experimental studies are not well-suited to capture long-term patterns
since compliance tends to wane with increasing duration but they do provide important insight
into potential underlying biological mechanisms.

Prospective cohort studies
Obesity

Findings from prospective cohort studies generally confirm those from cross-sectional data in
that greater SSB consumption is positively associated with overweight and obesity. Despite a
large degree of diversity between studies in terms of outcome assessment, number of
participants and duration of follow-up, which can substantially impact ability to detect an
effect, previous reviews and meta-analyses have found consistent results in both children and
adults32, 38–40. Associations tend to be stronger in larger studies with longer durations of
follow-up, that use longer-term dietary assessment methods such as food frequency
questionnaires (FFQs) rather than a single 24-hour diet recall 41, 42. Recently, we conducted
a meta-analysis evaluating change in BMI per increase in one 12-oz serving of SSB per day in
children and found a clear positive association between SSB intake and weight-gain (0.08;
95% CI: 0.03, 0.13 kg)38 among studies that did not adjust for total energy intake 33, 41, 43–
45. Since the association between SSB intake and weight gain is likely mediated in part by an
increase in total energy intake, adjusting for total energy is expected to attenuate this effect.
This bias was illustrated when by including studies that did adjust for total energy intake, our
pooled effect estimate weakened and lost statistical significance (0.03; 95% CI: −0.00, 0.007).
These results are also supported by more recent studies. For example, Dubois and colleagues
found that in over 2000 Canadian children aged 2.5 y followed for 3 y, those who consumed
SSBs between meals had a 2.4-fold greater odds of being overweight compared to non-
consumers (p<0.05)46. In contrast, a recent study conducted among 5-year olds in the UK did
not find an association between SSB intake and fatness, after 4 years of follow-up, possibly
because intake levels were too low47. Studies have also shown that greater SSB consumption
in childhood or adolescence predicted a trajectory of weight gain into adulthood48, 49.

Well powered studies in adults that do not adjust for the potential mediating effect of total
energy intake also provide clear evidence for an effect of SSBs on weight gain. In a large cohort
of over 50,000 nurses followed for 2 four-year time periods (1991–1995 and 1995–1999), those
who consumed higher levels of SSBs gained more weight than those with lower intake
levels50. After adjustment for potential confounders, women who increased their SSB
consumption from 1991 to 1995 and maintained a high level (≥ 1 serv/d) of intake during 1995–
1999 (low-high-high) gained on average 8.0 kg over the two time periods while women who
decreased SSB intake between 1991 and 1995 and maintained a low level (≤ 1 serv/wk) of
intake (high-low-low) gained on average 2.8 kg (Figure 3). Significant between group
differences in weight gain were noted between women with low-high-high intake and low-
high-low intake and between women with high-low-high intake and high-low-low intake
(p=0.02). These findings were later replicated in the Black Women’s health study, another
large cohort of over 40,000 women51. After 6 years of follow-up, and adjustment for potential
confounding by other diet and lifestyle factors, those who increased their intake of SSBs from
≤ 1 serv/wk to ≥ 1 serv/d gained the most weight while those who decreased their intake gained
the least weight (6.8 kg vs. 4.1 kg). Some smaller-scale studies, despite having limited power,
have also found a link between habitual SSB consumption and weight gain either in the overall
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study or in sub-group analyses. For example in a cohort of over 17,000 adults from Germany
with about 2 years of follow-up52 SSB intake was significantly associated with weight gain in
men but not in women. One reason for the variable findings aside from possibly too short of
a duration could be the small (100 g/d) increment of SSB used for estimating risk in these effect
estimates. A smaller study from Spain with a similar duration of follow-up found that higher
SSB consumption was associated with significant weight- gain among subjects who gained 3
or more kg in the five years before baseline53. Since these participants had a higher absolute
intake of SSB at baseline compared to participants with no previous weight-gain, the findings
are consistent with an effect of SSBs on weight-gain. In the Framingham Offspring study with
over 4000 participants followed for an average of 4 years, those who consumed ≥ 1 soft drink
per day had a 37% higher risk of developing obesity compared to non-consumers37. Although
this analysis included both diet and regular soft drinks it can be assumed that most of the effect
is due to consumption of SSBs. In an observational analysis of the PREMIER trial, 54 reducing
SSB intake by 1 serv/d was associated with a weight loss of 0.49 kg (95% CI: 0.11, 0.82; P =
0.006) at 6 month and of 0.65 kg (95% CI: 0.22, 1.09; P = 0.003) at 18 month.

Type 2 Diabetes and Metabolic Syndrome (MetSyn)
When considering diet in relation to chronic disease etiology, sufficient time is required for
causal action and disease initiation and detection to occur. For this reason greater weight should
be given to larger studies with longer durations of follow-up. In addition, since adjusting for
potential mediators of effect such as BMI or total energy intake will tend to underestimate the
association between SSB intake and these outcomes, greater weight should be given to studies
that do not adjust for such factors in primary analyses. In the NHS II, a cohort of over 50,000
women, those who consumed ≥ 1 SSB per day had an 83% greater risk of developing T2DM
over the course of 8 years compared to those who consumed < 1 per month after adjusting for
potential confounders (RR=1.85, 95% CI: 1.42, 2.36; p<0.001 for trend)50 (figure 4). After
further adjustment for BMI, the RR comparing extreme categories of intake decreased to 1.41
(95% CI: 1.09, 1.83; p<0.001 for trend), but was still statistically significant, suggesting that
BMI accounts for about half of the excess risk50. Similar results were reported in the Black
Women’s Health study. Among over 40,000 women followed for 10 years, those who
consumed ≥ 2 SSBs per day had a 24% greater risk of developing T2DM compared to those
who consumed < 1 SSB per month (RR=1.24, 95% CI: 1.06, 1.45; p=0.002 for trend)51.
Additional adjustment for BMI resulted in a loss of statistical significance, suggesting that in
this population, the majority of effect was mediated by BMI. In a large cohort of slightly older
nurses, daily SSB consumption was associated with a 31% greater risk of developing T2DM
compared to infrequent consumption (RR=1.31, 95% CI: 0.99, 1.74; p<0.01 for trend)55. Since
this study adjusted for BMI and total energy intake, the effect estimate may have been
attenuated. Other smaller studies, which also adjusted for these factors found marginal effects
or no association56, 57. The Atherosclerosis Risk in Communities Study did not show a
consistent association between SSB intake and incident T2DM after 9 years of follow-up (Men:
RR=1.09 (95% CI, 0.89, 1.33), Women RR= 1.17 (95% CI 0.94, 1.46)58. As discussed by the
authors, compared to the study by Schulze50, these participants were older (53.6 y vs. 36.1 y)
and heavier (27.2 kg/m2 vs. 24.6 kg/m2) at baseline. Since the effect of SSBs on T2DM is
partly mediated by BMI, once BMI is increased, it is possible that the additional effect of
continued SSB intake is diminished, however, further research is needed to substantiate this
hypothesis.

Few studies have evaluated the relationship between intake of SSBs and development of
MetSyn. Dhingra and colleagues showed that in a cohort of over 6000 adults, those who
consumed ≥1 soft drink (diet or regular) per day had a 39% greater risk of developing MetSyn
over the course of 4 years37. Other studies have found only marginal effects of SSBs on MetSyn,
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but since they adjusted for total energy intake, the associations are likely to have been
underestimated57, 59.

Hypertension, lipids, inflammation, CHD
Evidence is starting to emerge that also links SSB consumption to the development of
hypertension, adverse lipid parameters, inflammation and clinical CHD. The study by Dhingra
et al., which also looked at SSB consumption in relation to individual MetSyn components
found that individuals who consumed ≥1 soft drink per day had a 22% greater risk of developing
hypertension (≥ 135/85 mm hg or on treatment) compared to non-consumers (RR=1.22, 95%
CI: 1.05, 1.41)37. Results from the MESA study which had relatively fewer participants
(N=3878), found a marginal effect of SSB consumption on incident hypertension (RR=1.14,
95% CI: 0.91, 1.43, comparing daily consumers to non-consumers.57 These findings are
supported by similar associations observed in the NHS and NHS II cohorts where women who
consumed ≥4 SSBs per day had a 44% (RR=1.44, 95% CI: 0.98, 2.11) and 28% (RR=1.28,
95% CI: 1.01, 1.62) greater risk of developing hypertension respectively, compared to
infrequent consumers60. In addition, a recent cross-sectional analysis of NHANES data, found
a positive association between SSB consumption and blood pressure in adolescents14.
Regarding lipid parameters, Dhingra and colleagues found that daily soft drink consumers had
a 22% greater risk of developing hypertriglyceridemia (≥ 1.7 mmol/L or on treatment)
(RR=1.22, 95% CI: 1.07, 1.41) and low HDL-cholesterol (<1.03 mmol/L for men and <1.3
mmol/L for women or on treatment) (RR=1.22, 95% CI: 1.04, 1.44), compared to non-
consumers37. Similarly among MESA participants, daily SSB consumers had a 28% greater
risk of developing hypertriglyceridemia (RR=1.28, 95% CI 1.02, 1.6) and low HDL cholesterol
(RR=1.28, 95% CI 0.99, 1.64)57. Indirect evidence for an effect of SSBs on systemic
inflammation comes from observational studies that have found positive associations between
dietary patterns that are high in SSBs with markers of inflammation including CRP and
TNFR261. A higher dietary glycemic load, to which SSB intake is a large contributor, has also
been linked to elevated CRP levels62.

Recently in the NHS, a higher level of SSB intake was found to increase risk of developing
clinical CHD (nonfatal myocardial infarction or fatal CHD)63. In over 88,000 women followed
for 24 years, those who consumed ≥ 2 SSBs per day had a 35% greater risk of CHD compared
to infrequent consumers, after adjusting for other unhealthy lifestyle factors (RR=1.35, 95%
CI: 1.1, 1.7; p<0.01 for trend). Additional adjustment for potential mediating factors including
BMI, total energy intake and incident T2DM attenuated the associations but they remained
statistically significant, suggesting that the effect of SSBs is not entirely mediated by these
factors.

Other Metabolic Diseases: Gout, Hyperuricemia, Gallstone and Renal disease
SBBs may also be associated with development of a number of other metabolic conditions.
Findings from the Third NHANES show that serum uric acid levels correlate positively with
SSB consumption and those who consumed 1–3 SSB’s per day had a 51% greater odds of
developing hyperuricemia (serum uric acid level>7 mg/dl for men and >5.7 mg/dl for women)
compared to non-consumers (p=0.003 for trend)64. Modest associations were also noted for
orange juice (p= 0.005 for trend) but not diet soda (p=0.46 for trend). SSBs contain large
amounts of fructose from added sugars, which is known to increase serum uric acid levels.
This is supported by recent findings from NHANES which also showed that SSB consumption
increases serum uric acid levels in adolescents14. Hyperuricemia is considered a precursor of
gout, which is a common form of inflammatory arthritis arising from deposition of uric acid
in articular cartilage21. A recent prospective cohort study in men followed for over 12 years
found that consumption of SSBs is strongly associated with development of gout65. Men who
consumed ≥ 2 SSBs per day had an 85% greater risk of developing gout compared to infrequent
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consumers (RR=1.85, 95% CI: 1.08, 3.16; p<0.001 for trend). No association was shown with
diet soda. Both gout and hyperuricaemia are associated with hypertension, T2DM, MetSyn,
kidney disease and CVD21.

SSB consumption, particularly that of cola, has also been associated with development of
albuminuria, a marker for early kidney damage, formation of kidney stones and increased risk
of chronic kidney disease66, 67. Findings from a case-control study showed that drinking ≥ 2
colas per day was associated with over a 2-fold increased risk of chronic kidney disease
(OR=2.3, 95% CI 1.4, 3.7) compared to infrequent consumption. Similar results were noted
for diet cola but not non-cola carbonated beverages67. In the NHS II cohort, sucrose
consumption was associated with an increased risk of incident kidney stones68. Women in the
highest quintile of sucrose intake had a 31% higher risk of developing kidney stones than those
in the first quintile (RR=1.31, 95% CI: 1.07, 1.6). Observational studies have also found that
higher intake of refined sugars such as sucrose and fructose and a high dietary glycemic load,
of which SSBs is a large contributor, is associated with a higher frequency of gallstones69,
70. A gallstone is a solid mass that forms in the gallbladder from cholesterol, bilirubin and
calcium salts, precipitated from bile. In most Western countries, cholesterol is the primary
component of gallstones and increasing evidence suggests that the majority of causative factors
are related to insulin resistance. While the association between refined sugars and GL and
gallstones could be mediated in part by obesity, some data suggests an independent lithogenic
effect69. Findings from the NHS and HPFS indicate that a high intake of carbohydrate, dietary
glycemic load and glycemic index, significantly increase the risk of developing gallstone
disease70, 71. Independent positive associations have also been observed for intakes of sucrose
and fructose. It has been estimated that the equivalent of 40 grams of sugar per day doubles
the risk of symptomatic gallstones72. Although no studies have directly evaluated the
relationship between SSB consumption and gallstone formation, the high amounts of added
sugars contained in these beverages and large contribution to a high dietary GL, suggest an
etiologic link as one 12-oz serving of SSB contains on average 35–37.5 g of sugar.

Diet Soda
Although not the main focus of our review, some studies also evaluated the effect of diet soda
consumption on the risk of developing MetSyn and T2DM. Studies by Schulze et al50., and
Palmer et al51., both showed slight non-significant increased risk of T2DM in individuals
consuming ≥ 1 diet soda /d compared to those consuming < 1 diet soda/mo after additional
adjustment for baseline BMI 50. Findings from MESA participants however, showed
significant positive associations between diet soda intake and risk of T2DM and MetSyn,
although adjustment for baseline BMI somewhat attenuated the estimates and were no longer
significant for MetSyn57. Similar results were found among participants in the ARIC study,
which showed that those in the highest tertile of diet soda intake had a 34% greater risk of
MetSyn compared to those in the lowest tertile (p<0.001)59. Dhingra et al reported a 39%
greater risk of MetSyn among participants in the Framingham Offspring study, however it can
be assumed that the majority of this effect was due to regular soft drink consumption since in
this study diet and regular soft drinks were evaluated concurrently37. A weak but marginally
significant association was observed between diet soda intake and risk of CHD in the NHS,
which was no longer significant after adjusting for T2DM, BMI and total energy intake63.

These findings must be interpreted with caution since, longitudinal studies evaluating diet and
chronic disease risk are prone to reverse causation i.e. persons change their diet because of
subclinical disease or weight-gain, which could result in spurious associations. For example,
individuals aware of subclinical disease symptoms or weight gain may increase diet soda
intake, which could result in a spurious association between disease and diet soda intake. This
may partially explain why some studies evaluating diet soda consumption found strong positive
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associations37, 57. These studies may also be particularly prone to residual confounding since
for example diet soda consumption has been shown to be higher in individuals with diabetes
than in those without diabetes73. Studies with longer durations of follow-up and repeated
measures of diet and disease status, which are less prone to reverse causation, showed only
marginal non-significant associations50, 51, 63. Given the increasingly high prevalence of diet
soft drink consumption, for health reasons or body- weight management, further work
investigating potential metabolic consequences is clearly warranted.

Potential biological mechanisms
SSB consumption is thought to lead to weight gain by virtue of decreased satiety and an
incomplete compensatory reduction in energy intake at subsequent meals following intake of
liquid calories. On average, one 12-oz serving of SSB contains about 140–150 calories74. If
these calories are added to the typical US diet without reducing calories from other sources,
one SSB per day could lead to a weight gain of 15 lbs over the course of one year. This is
supported by evidence from short term feeding trials that have shown greater energy intake
and weight gain following consumption of SSBs compared to non-caloric artificially sweetened
beverages. For example, Raben and colleagues showed after 10 weeks of supplementation with
either sucrose sweetened or artificially sweetened beverages and foods, those in the sucrose
group had increased energy intake, body weight (p<0.001 between group difference), fat mass
(p<0.01 between group difference) and blood pressure compare to the sweetener group75. In
a cross-over trial, it was also shown that drinking aspartame sweetened beverages for 3 weeks
resulted in small weight loss while consumption of high fructose corn syrups (HFCS)-
sweetened SSBs resulted in small weight gain 76. In another cross-over study, where
participants were offered diet cola, regular cola, orange juice, milk or no beverage at lunch
once a week for six weeks77, on the weeks when caloric beverages were consumed, average
caloric consumption increased by 104 ± 16 kcal over the level consumed when water, diet cola,
and no beverage were offered.77

Another line of evidence for failure of complete compensation stems from studies comparing
the effects of consuming isocaloric loads of liquid or solid calories.17 When two groups were
assigned to drink 450 kcal/day of a soft drink, or consume the same amount of sucrose energy
as jelly beans, the jelly beans reduced their caloric consumption by slightly more than contained
in the beans, but subjects drinking the soft drinks failed to reduce their caloric consumption to
compensate for the soft drink, and actually increased their consumption of other foods slightly.
Subjects consuming soft drinks had a small but significant weight gain over the course of the
study, but those eating the jelly beans did not.17 Other studies also demonstrate a lack of
compensation for calories consumed as beverages as opposed to solid food.78–83 These studies
argue that sugar or HFCS in liquid beverages may not suppress intake of solid foods to the
level needed to maintain energy balance, however, the exact mechanism responsible for that
weaker compensatory response is unknown.84

Metabolic consequences of SSB consumption may result in part due to their propensity to
induce weight gain, but an independent effect may also result from the large quantities of
rapidly absorbable carbohydrates such as sucrose or HFCS, used to flavor these beverages.
Rapid increases in blood glucose and insulin levels have been observed following consumption
of SSBs85, which in conjunction with the large volumes often consumed, contribute to a high
dietary glycemic load (GL). High GL diets have been shown to stimulate appetite and induce
weight gain and are associated with development of both glucose intolerance and insulin
resistance86. In addition, High GL diets have been shown to dysregulate lipid profiles, which
taken together may explain how SSB consumption can lead to increased risk of gallstone
disease70. Higher dietary GL has also been shown increase levels of inflammatory biomarkers
such as C-reactive protein, a known marker of elevated T2DM and CVD risk19, and has been
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linked to development of CHD in a relatively short time-frame 87 since inflammation impacts
development of atherosclerosis as well as plaque stability and thrombosis63. It is also thought
that the caramel coloring used in cola type beverages may further increase insulin resistance
and inflammation due to the high amounts of advanced glycation end products, produced during
the process of caramelization88.

Recently, much attention has been given to the potentially adverse metabolic effects of the
fructose fraction of these beverages. Fructose, which is a constituent of both sucrose and HFCS
in relatively equal parts is preferentially metabolized to lipid in the liver, leading to increased
hepatic de novo lipogenesis, dyslipidemia and insulin resistance 89–92. Fructose consumption
has also been shown to promote accumulation of visceral adiposity, which has extremely
serious implications for T2DM risk22, 93, 94. In a recent study comparing the effects of
consuming glucose or fructose sweetened beverages providing 25% of energy requirements,
after 10-weeks, both groups showed similar weight gain, but only the fructose group showed
a significant increase in visceral adiposity22. In addition, while fasting plasma triglyceride
levels only increased in the glucose group, hepatic de novo lipogenesis, postprandial
triglycerides and markers of altered lipid metabolism and lipoprotein remodeling such as
fasting apoB and small LDL particles significantly increased in the fructose group22. In
addition, fasting plasma glucose and insulin levels increased and insulin sensitivity decreased
in the fructose group. Of note, Ghanim and colleagues did not find evidence of oxidative or
inflammatory stress following intake of 300 kcal of fructose or orange juice while ROS
generation and NF-kB binding was significantly increased after intake of glucose95. However,
quantities of fructose contained in SSBs are far greater than those contained in these beverage
preloads95.

Fructose is also the only sugar known to increase serum uric levels. Fructose induces uric acid
production by increasing ATP degradation to AMP, a uric acid precursor. Fructose
phosphorylation in the liver uses ATP and the accompanying phosphate depletion limits
regeneration of ATP from ADP, which in turn serves as a substrate for uric acid formation96.
The production of uric acid in the liver by xanthine oxidase may reduce endothelial nitric oxide,
which could partially mediate the association between SSBs and CHD97. Hyperuricemia often
precedes development of obesity, hyperinsulinemia and T2DM, and findings from animal
studies suggest that it may have a role in development of MeySyn21. The prevalence of MetSyn
has been shown to be as high as 62% in individuals with gout21. Gout has been shown to
exacerbate formation of kidney stones and renal disease due to increases in serum urate
concentrations21. Phosphoric acid used primarily for acidifying cola beverages may further
increase development of kidney stones and chronic kidney disease67.

Growing clinical evidence also suggests that hyperuricemia and fructose consumption may
increase blood pressure21. For example, increases in blood pressure have been observed when
fructose is administered acutely, an effect not seen with glucose98. In addition, an increase in
blood pressure over 10 weeks was found when individuals drank SSB’s, in contrast to
aspartame-sweetened beverages.75 Hyperuricemia has also been reported in nearly 90% of
children with newly diagnosed hypertension21. Serum uric acid may increase blood pressure
by development of renal disease, endothelial dysfunction and activation of the rennin-
angiotensin system.21 Evidence from prospective cohort studies also suggest that
hyperuricemia is an independent risk factor for CVD and has been associated with increased
risk of MI, peripheral artery disease and death99. Fructose intake may also lead to weight gain
by decreasing production of insulin and leptin in peripheral tissues, thereby initiating the hunger
cascade in the central nervous system, 90. However, further elucidation of this pathway is
needed since others have found greater satiety and lower total energy intake following fructose
preloads compared to glucose preloads100.
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Conclusions and Public Health Implications
The prevalence of obesity and related chronic diseases is rising at unprecedented rates across
the globe. Identification of modifiable risk factors is therefore essential to abating this
escalating pandemic. Temporal patterns in SSB intake across recent decades have shown a
close parallel between the obesity epidemic and rising levels of SSB consumption. Findings
from epidemiological studies clearly indicate that regular consumption of SSBs can lead to
weight gain and substantially increase risk of developing chronic diseases including MetSyn,
T2DM and CHD. In general, longer studies with greater numbers of participants that did not
adjust for potential mediators of effect such as total energy intake and adiposity, report stronger
and more consistent associations. Evidence for adverse effects on other metabolic conditions
including hypertension, inflammation, atherogenic dyslipidemia, hyperurecemia, gout,
gallstone, and kidney disease is also starting to emerge. SSBs are the greatest contributor to
added sugar intake in the US and are thought to induce weight gain in part by incomplete
compensation for liquid calories at subsequent meals. SSBs may also increase T2DM risk
independently, as a potential contributor to a high dietary GL leading to inflammation, insulin
resistance, and impaired beta-cell function. Additional metabolic effects from the fructose
fraction of these beverages may also promote accumulation of visceral adiposity, and
atherogenic dyslipidemia due to elevated hepatic de novo, and hypertension due to
hyperuricemia. Such excess risk could have serious repercussions for developing countries,
which must manage dual burdens of chronic and infectious disease as well as for certain
populations such as Hispanics26, 101, 102 or South Asians, which are particularly prone to
development of visceral adiposity and T2DM 5. Given the increasingly large quantities of SSBs
consumed by children and adolescents, limiting intake is critical to obesity prevention in this
population. Childhood obesity is known to increase risk of obesity in adulthood and can lead
to serious downstream health effects. For these reasons, a number of public health campaigns
to limit intake of SSB’s are underway and strategies such as taxation are currently being
considered as a means of reducing intake levels as well as offsetting related health care
costs24. Thus amidst a growing pandemic of obesity, ample evidence exists to discourage
consumption of these beverages in place of healthy alternatives such as water, to reduce risk
of T2DM and CVD, and to improve overall health and quality of life.
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Figure 1. Prevalence of Obesity* Among U.S. Children and Adolescents (Aged 2 – 19 Years).
National Health and Nutrition Examination Surveys
*Sex-and age-specific BMI > 95th percentile based on the CDC growth charts (ref 3)
CDC Data Sources:
Ogden CL, Flegal KM, Carroll MD, Johnson CL. Prevalence and trends in overweight among
U.S. children and adolescents, 1999–2000. JAMA 2002;288:1728–1732.
Hedley AA, Ogden CL, Johnson CL, Carroll MD, Curtin LR, Flegal KM. Prevalence of
overweight and obesity among US children, adolescents, and adults, 1999–2002. JAMA
2004;291:2847–2850.
Ogden CL, Carroll MD, Flegal KM. High Body Mass Index for Age Among US Children and
Adolescents, 2003–2006. JAMA 2008;299:2401–2405.
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Figure 2.
US Trends in Per Capita Calories from Beverages among children and adults.
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Figure 3. Mean weight in 1991, 1995, and 1999 according to trends in sugar-sweetened soft drink
consumption in 1,969 women who changed consumption between 1991 and 1995 and either changed
or maintained level of consumption until 1999*
* Low and high intakes were defined as ≤1/week and ≥1/day. The number of subjects were:
low-high-high=323, low-high-low=461, high-low-high=110, and high-low-low=746. Groups
with similar intake in 1991 and 1995 were combined for estimates for these time points. Means
were adjusted for age, alcohol intake, physical activity, smoking, postmenopausal hormone
use, oral contraceptive use, cereal fiber intake, and total fat intake at each time point. Modified
from ref 50.
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Figure 4. Multivariate relative risks (RRs) of type 2 diabetes according to sugar-sweetened soft
drink consumption in the Nurses’ Health Study II 1991–1999*
*Multivariate RRs were adjusted for age, alcohol (0, 0.1–4.9, 5.0–9.9, 10+ g/d), physical
activity (quintiles), family history of diabetes, smoking (never, past, current), postmenopausal
hormone use (never, ever), oral contraceptive use (never, past, current), intake (quintiles) of
cereal fiber, magnesium, trans fat, polyunsaturated:saturated fat, and consumption of sugar-
sweetened soft drinks, diet soft drinks, fruit juice, and fruit punch (other than the main exposure,
depending on model). The data were based on ref 50)
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