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Context
The number of people with Type 2 diabe-
tes (T2D) is increasing across the globe. 
By 2035 it is estimated that there will be 
592 million people with diabetes world-
wide, increasing from 382 million in 2013 
[1]. The negative impact of diabetes on the 
individual’s quality of life has long been 
established [2] and the impact on economic 
and health resources is a substantial and 
growing burden [3].

There is high-quality evidence from 
intervention trials that healthier lifestyles 
can prevent or delay the onset of T2D [4]. 
A shift from a nutrient-based approach 
to one based on foods has been proposed 
for dietary guidelines [5], with emerging 
evidence for roles of certain foods in the 
development of T2D [6–8]. A ‘food’ item 
of particular interest is sugar-sweetened 
beverages (SSBs) [9,10], which, if found to 
be causally related to T2D, would offer the 
potential for T2D prevention by reducing 
or eliminating them from the diet.

SSB is a collective term for soft drinks, 
fruit juice drinks, cordials, iced teas, sports 

drinks and other similar beverages, which 
are sweetened with caloric sugars. It has 
been estimated that the global consump-
tion of soft drinks has increased from 
9.5 gallons per person per year in 1997 to 
11.4 gallons in 2010 [11]. Although national 
surveys from both the USA [12] and UK 
[13] have reported small decreases in SSB 
consumption (with the exception of a 
small increase in men aged ≥19 years in 
the UK) the contribution of SSBs to free 
sugar intakes is still high and concerning, 
as for example, SSBs are listed as the high-
est individual food contributor to energy 
intakes (5.3%) in the USA [14] and as one 
of the major sources of non-milk extrinsic 
sugar in the UK [13].

Evidence for the association between 
SSBs & T2D
Probably the first appearance of SSBs in the 
diabetes literature was in 2004 [15] where 
higher intake of SSBs was associated with 
a greater magnitude of weight gain and an 
increased 14-year risk of T2D in female 
nurses in the Nurses’ Health Study II in 
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the USA. Since then there has been an increas-
ing interest, and strong epidemiological evidence 
now exists. A meta-analysis of eight studies (six 
American, one Finnish and one Singaporean) 
reported a 25% greater risk of developing T2D 
per 336 g (12 oz) serving per day of SSBs after 
adjustment for energy intake and BMI (relative 
risk: 1.25; 95% CI: 1.10–1.42) [16]. We have 
further contributed to the evidence evaluating 
12,403 T2D cases from among a cohort with 
3.99 million person years of follow-up from 
eight European countries in the EPIC-InterAct 
study [10]. We found that after adjustment for 
several important confounding factors, as well 
as energy intake and BMI, one 336 g (12 oz) 
serving per day higher of SSB consumption was 
associated with T2D, with a hazard ratio of 
1.18 (95% CI: 1.06–1.32). This work provides 
stronger evidence than the prior meta-analysis, 
using individual participant data, that even after 
accounting for factors that may artificially distort 
observed associations, including other lifestyle 
and dietary factors, sociodemographic factors 
and adiposity, there is an independent positive 
association between habitual consumption of 
SSBs and the risk of new onset T2D.

Further support for the contribution of SSBs 
to the development of T2D comes more indi-
rectly. Randomized controlled trials (RCTs) that 
evaluate the short-term effects of defined inter-
ventions cannot adequately assess the prolonged 
cumulative nature of diet in chronic disease risk 
due to logistics, cost and issues of long-term 
compliance. Their contribution is nonetheless 
important as intermediates of the role of SSBs 
in the development of T2D can be examined, 
in particular weight gain. Comprehensive meta-
analyses of RCTs of SSBs and weight gain in 
children and adults have been carried out [17]. In 
children, when SSB consumption was reduced 
by either school-based or individual-based 
intervention, BMI reduced concurrently, the 
weighted mean difference between the interven-
tion and control regimens was -0.12 kg/m2 (95% 
CI: -0.22 to -0.02 kg/m2) over 3–12 months 
of follow-up. In adults when 600–1000 ml of 
SSBs were added to diets every day, there were 
increases in bodyweight, the weighted mean 
difference between the intervention and control 
regimens was 0.85 kg (95% CI: 0.50–1.20 kg) 
over 1–6 months of follow-up.

Although our focus is on higher grades of 
evidence than that provided by ecological and 
cross-sectional studies, which suffer particularly 

from the inability to determine temporality of 
association or reverse causation, one ecological 
study deserves mention. Taking a global per-
spective, a recent crossnational analysis based 
on commodity data from 75 countries, includ-
ing low- and middle-income countries reported 
an estimated increase of 300 adults with diabe-
tes per 100,000 for each 1% rise in soft drink 
consumption [11].

Proof of causality
Although there is strong epidemiological evi-
dence, as described above, that SSB consump-
tion is associated with increased incidence of 
T2D, there is an ongoing debate about implying 
cause and effect from such findings. Evidence 
from epidemiological studies is subject to 
measurement error and residual confounding. 
Nutritional epidemiology largely relies on partic-
ipants to self-report what they have consumed. 
This is open to bias both from changes in dietary 
habits during survey time in prospective analysis 
and misreporting of foods consumed including 
reporting what the participant considers their 
norm when using retrospective dietary assess-
ment methods. Furthermore, as it is infeasible 
to follow an individual indefinitely estimates 
are limited by when dietary assessment is car-
ried out. SSB consumption is also likely to be a 
marker of other unhealthy dietary patterns and 
poor behavioral habits making it difficult to pin 
the association to SSBs alone.

The science of epidemiology has developed 
theories and tools to account for these con-
cerns and potential biases in interpretation of 
results. Furthermore, there are criteria that can 
be used for assessing a causal link, which include 
strength of association, consistency/repetition, 
specificity, temporality, dose–response, experi-
mental evidence and biological plausibility [18]. 
Each of these criteria has been addressed in the 
association of SSBs and T2D [9]. The studies 
detailed above [10,16] provide evidence for a sig-
nificant positive association, which is largely 
consistent, across a range of populations with 
heterogeneity of dietary intakes. In terms of 
specificity, the associations reported have been 
shown independent of diet, lifestyle, health and 
other diabetes risk-related characteristics. As the 
included studies adopted a prospective design, 
temporality has been demonstrated. Dose–
response has been assessed by examining the risk 
per serving, and also assessed elsewhere using 
alternative methods [19]. Although experimental 
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evidence is not directly available as T2D as an 
end point for an RCT is infeasible (as explained 
above), RCTs of intermediates including weight 
gain exists. Biological plausibility is also estab-
lished with mechanisms both via adiposity and 
independent of adiposity proposed.

Suggested mechanisms
The association between SSBs and T2D is 
thought, at least in part, to be mediated by 
energy intake and adiposity. As a highly palatable 
product, drinking SSBs may be associated with 
passive overconsumption of calories that in turn 
can lead to weight gain. Furthermore, calories 
consumed in liquid form do not sate to the same 
extent that those consumed in the form of solid 
foods do [20]. This can give rise to incomplete 
compensation for caloric intake from beverages 
in dietary intake, which may also contribute to 
weight gain. Many SSBs are also carbonated. 
Carbon dioxide has been shown to reduce the 
neural processing of sucrose more than that of 
artificial sweeteners [21] and may, thus, increase 
consumption of beverages containing sugar.

Suggested mechanisms independent of adi-
posity include via glycaemic effects of consum-
ing large amounts of rapidly absorbable sugars 
and metabolic effects of fructose [9]. Liquid 
sugars have been shown as a risk factor for the 
development of impaired glucose homeostasis 
including insulin resistance [22].

Implications for further research & public 
health
Further research efforts are needed to investi-
gate the association between SSBs and T2D risk 
in more depth. For instance, a topical debate is 
the contribution of naturally occurring sugars 
as found in fruit juice to free sugar intakes and 
whether these may also contribute to diabe-
tes onset. To overcome limitations inherent in 
self-reporting dietary intakes, it would of great 
interest to identify biomarkers that would pro-
vide objective assessment of intake. A proof-of-
principle for a biomarker of sugar intake was pre-
viously demonstrated [23], and further research 
is warranted. In terms of mechanisms, more 
research is needed in particular on whether the 
body processes liquid sugar differently to solid 
sugar. Not having the answers to these and other 
related questions, however, should not detract 
from the strength of the current evidence for 
SSBs and T2D. Further research should also 
focus on assessing appropriate alternatives for 

hydration and modeling of strategies to reduce 
SSBs consumption.

Based on the evidence for SSB consumption 
and weight gain, it is widely accepted that pub-
lic health strategies to reduce SSB consumption 
are needed. The evidence for the association of 
SSBs and T2D independent of adiposity adds 
considerable weight to the argument and high-
lights the urgency of developing and introducing 
such strategies.

Taxation has been proposed as one means of 
reducing the intake of unhealthy food products. 
This, in turn, would lower healthcare costs, as 
well as generate revenue that can be used for 
health programs. SSBs have been proposed as 
a specific target for such a policy. Modeling 
approaches for the potential benefits and effec-
tiveness of SSB taxation have shown that a tax 
of 20% on SSBs could reduce the prevalence of 
obesity in the UK by 1.3% [24]. There is a fur-
ther suggestion that taxation of SSBs could avert 
4.2% of prevalent overweight/obesity and 2.5% 
of incident T2D in India from 2014 to 2023, in 
both urban and rural populations [25]. Despite 
such economic–epidemiologic modeling, there 
is as yet no agreement to push a tax forward, 
and this remains a hotly debated issue amid calls 
from some quarters demanding absolute proof of 
a cause–effect relationship. For reasons described 
herein, providing such cast-iron proof is currently 
near impossible. Considering the abundance of 
evidence and support for the fulfillment of crite-
ria for causal inference as outlined above, in the 
absence of absolute proof a ‘best intentions/no 
harm’ approach could be justified.

Moving upstream from policies targeted at 
the level of the individual and to tackling the 
food environment opens up other plausible strat-
egies, including limiting portion sizes and clear 
front of pack labeling, even considering a health 
warning on the sugar content of certain drinks. 
Engagement with industry is also pertinent and 
the ‘responsibility deal’ in England [26] is a step 
in the right direction.

Conclusion
In conclusion, there is robust evidence of a 
strong and consistent association between the 
habitual consumption of SSBs and the develop-
ment of T2D, both through effects on adiposity, 
and independently of it. By implication, there is 
also accumulating evidence that a reduction in 
consumption of SSBs will reduce the risk of new 
onset T2D. Although there are questions still to 
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be answered, these should not impede actions to 
reduce intake of SSBs given the strength of the 
current body of evidence.
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