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Abstract

The global burden of type 2 diabetes is increasing at an alarming rate, fuelled by the obesity epidemic, with significant associated
health and economic consequences and apparent inequalities. Sugar-sweetened beverages (SSBs) are a major source of added sugars
in diets worldwide and have been linked to an increased risk of type 2 diabetes through a variety of mechanisms, including excess
weight. Taxing SSBs has become a promising public health strategy to reduce consumption and mitigate the burden of type 2 dia-
betes. A substantial body of evidence suggests that SSB taxes lead to increased prices and subsequent reduced consumption, with
a potentially greater effect among lower socioeconomic groups. This highlights the potential for tax policies to have an impact on
type 2 diabetes and address health inequalities. Evidence from several ongoing SSB tax schemes, including sales and excise taxes,
indicates positive effects on improving consumption patterns, and modelling studies point to health gains by averting type 2 diabetes
and other cardiometabolic diseases. In contrast, evidence from empirical evaluation of the impact of SSB tax is scarce. Continued
monitoring and the strengthening of evaluation research to develop context-tailored policies are required. In addition, there is a need to
implement complementary efforts to amplify the impact of SSB taxation and effectively address the global burden of type 2 diabetes.

Keywords Effectiveness - Integrated actions - Modifiable risk factors - Review - Sugar-sweetened beverages - Taxation -
Type 2 diabetes

Abbreviations PHPT Public health product tax
Mex$ Mexican peso SSB Sugar-sweetened beverage
NAFLD Non-alcoholic fatty liver disease

Introduction the overweight and obesity epidemic, with 52.2% of global
type 2 diabetes burden being attributable to excess weight [4].
The global burden of diabetes Globally, an estimated 537 mil-
lion adults, 10.5% of the adult popu]ation’ were thng with Risk factors for diabetes As a metabolic condition with
diabetes in 2021, disproportionally affecting low- and middle- ~ prolonged onset, the factors leading to type 2 diabetes
income countries that are home to 80% of diabetes cases [1].  involve a complex combination of genetic, lifestyle and
The number of people living with diabetes is predicted to rise environmental factors. Genetic predisposition increases
to 783 million by 2045, and a parallel increase in diabetes-  the risk of type 2 diabetes [5], but its development is
related costs is predicted, projected to reach US$1054 billion ~ thought to largely depend on the accumulation and interac-
by 2045 [2]. The most common form of diabetes is type 2 tion of lifestyle-related risk factors through the life course
diabetes, accounting for over 90% of cases and traditionally ~ [6]. Insulin resistance and the resulting impaired glucose
viewed as a metabolic disorder associated with ageing, albeit ~ uptake (key underlying mechanisms of type 2 diabetes)
incidence is steadily increasing among adolescents and young ~ are linked to excess body weight, particularly excess
adults [3]. The elevated burden of type 2 diabetes coexists with ~ abdominal fat, owing to the release of proinflammatory
substances that contribute to insulin resistance [7]. Ageing

is also associated with an increased risk of type 2 diabetes
due to a progressive increase in central and peripheral
insulin resistance [8], and the gradual reduction of protec-
Global Health Institute, University of Antwerp, Wilrijk, Belgium tive lifestyles (with, for example, a reduction in physical
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activity and exercise) as we age [9, 10]. Physical inactiv-
ity, smoking, alcohol consumption, and unhealthy dietary
patterns, characterised by high intakes of free sugars and
saturated fats (which are often predominant in processed
foods), intertwine with one another, playing a crucial role
in the pathogenesis of type 2 diabetes by inducing insulin
resistance [11]. Making lifestyle changes, such as adopting
a healthy diet, engaging in regular physical activity and
maintaining a healthy weight, has been shown to signifi-
cantly reduce the risk of developing type 2 diabetes, even
in individuals with genetic predispositions or other risk
factors [12].

Overview of public health approaches to reduce diabetes and
its risk factors Addressing modifiable lifestyle-related risk fac-
tors through effective public health interventions is crucial for
reducing the burden of type 2 diabetes. Current public health
approaches encompass a range of evidence-based strategies,
aiming to facilitate lifestyle changes at the individual, health-sys-
tem and community levels [13] in a way that addresses the proxi-
mal and distal determinants of type 2 diabetes. At the commu-
nity level, strategies to reduce type 2 diabetes risk factors include
the implementation of nutrition guidelines and food labelling to
encourage healthier food choices, promoting healthy lifestyles
through environmental modifications, and community-based
interventions, such as school or workplace programmes, mar-
keting restrictions and fiscal policies [14—16]. These approaches
are complementary and often involve a complex implementa-
tion process, requiring alignment among various stakeholders,
including governments, healthcare professionals, community
organisations and the private sector. While public health efforts
that have been implemented in stakeholder partnerships have
yielded some successes in reducing risk factors of type 2 dia-
betes in certain populations [17], the global burden of type 2
diabetes remains alarmingly high [18]. Therefore, it is a priority
to explore innovative and evidence-based strategies to address
modifiable risk factors in an effective and synergistic manner.

In this paper, I aim to explore the impact of food taxation
on modifiable risk factors, specifically taxation targeting the
consumption of added sugars in sugar-sweetened beverages
(SSBs), as a promising approach to reduce the burden of type
2 diabetes. To do this, I examine the rationale for SSB taxa-
tion in the context of the aetiological factors leading to type
2 diabetes. I also discuss the current implementation efforts
by national and local policies in a variety of countries, the
evidence for effectiveness and effect size of taxation, and
further implications of SSB taxation, such as use of revenues
(Fig. 1). In addition, the standpoint of international health
agencies, barriers for implementation, and research and policy
gaps are outlined. I also highlight emerging targets and inte-
grated actions to tackle the global burden of type 2 diabetes
effectively.

SSBs as a taxation target to reduce diabetes
burden

Aetiological effects Added sugar refers to simple sugars,
namely glucose and fructose (often from high-fructose corn
syrup), that are artificially added to foods and beverages during
processing, normally to improve their organoleptic (sweetness,
flavour enhancement, flavour balance, palatability) character-
istics [19]. Processed foods, including SSBs, are energy-dense
but nutrient-poor dietary products and represent the main
source of added sugars in diets worldwide [20]. The nutrient-
depleted beverages represent ‘empty calories’ and contribute
to an imbalance in energy intake and expenditure, providing
on average 558—627 kJ (140-150 kcal) and 35.0-37.5 g of
sugar per a standard 12 fl oz (355 ml) serving [21]. Diets rich
in products with added sugar have been associated with an
increased risk of cardiometabolic conditions, including obe-
sity, type 2 diabetes and cardiovascular diseases, as well as
non-alcoholic fatty liver disease (NAFLD) and some cancers.
These associations occur, in part, due to excess weight and also
via independent metabolic effects resulting from glucose and
fructose intake [21]. In addition, the consumption of products
with added sugar directly contributes to dental caries [22].

Evidence shows that consumption of liquid calories in the
form of SSBs leads to decreased satiety with incomplete com-
pensatory reduction of energy intake at subsequent meals, result-
ing in energy imbalance, weight gain and obesity [23, 24]. The
relationship between SSBs and excess body weight has been
evidenced in both randomised controlled trials and prospective
observational cohorts [25, 26]. In addition to the heightened risk
of weight gain and obesity, which are major drivers of insulin
resistance and type 2 diabetes [7], simple added sugars are also
rapidly absorbed, leading to a quick increase in blood glucose
levels and, hence, a high glycaemic load, requiring a comparable
insulin response. By contributing to a high-glycaemic-load diet,
SSBs can increase insulin resistance and promote inflamma-
tion, promoting the development of type 2 diabetes [27]. Several
cohort studies have reported positive associations between SSB
consumption and type 2 diabetes risk, even when accounting
for adiposity [21]. Meta-analyses of the aetiological effects of
foods on type 2 diabetes have reported that regular intakes of
8 fl oz (236 ml) per day of SSBs are associated with a 13%
greater incidence of type 2 diabetes, even when accounting for
excess body weight [28]. Moreover, the direct impact of SSB
consumption on blood pressure and plasma lipids have also been
evidenced [29], as well as the impact on NAFLD [30], overall
cardiovascular disease and certain cancers [31].

SSBs are also the greatest source of fructose-containing sug-
ars in the diet and account for the majority of total fructose intake
[24]. Unlike glucose, which is metabolised systemically, fructose
is mainly processed in the liver. High-fructose intake (but not
glucose intake) has been linked to increased uric acid production,
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Fig. 1 SSB taxes and type 2 diabetes. Visual overview of the ration-
ale behind selecting SSBs as a target to reduce type 2 diabetes bur-
den, including the aetiological factors of SSBs that lead to type 2
diabetes. Also shown are the key aspects relating to the effectiveness

increased visceral, intrahepatic and intramuscular fat, disrupted
lipid regulation and increased insulin resistance in overweight
adults [32]. In contrast, studies have shown beneficial effects of
whole-fruit consumption on the risk of type 2 diabetes, which
is opposite to the effects observed with fruit juices [33]. These
findings suggest that the faster absorption of fructose from liquid
products, such as SSBs, may increase the rate of hepatic extrac-
tion of fructose and subsequent metabolic disruption [24], result-
ing in an acceleration in the development of NAFLD [30, 34].
Caffeine, a natural stimulant found in coffee and tea, is often
added to SSBs and has various effects on the body, includ-
ing increasing alertness and temporarily boosting metabolism
[35]. While there is evidence of caffeine’s potential to attenuate
insulin sensitivity after acute administration in healthy individ-
uals [36], the association between SSB intake and type 2 dia-
betes risk has been observed to be consistent when comparing
caffeinated and caffeine-free SSBs, preliminarily ruling out a
joint effect of caffeine and added sugar in type 2 diabetes [37].
However, in conjunction with the sugar in SSBs, caffeine adds
to the increased risk of type 2 diabetes onset by contributing to
the development of dependencies on these beverages. Regular
and excessive consumption of caffeine can lead to behavioural
dependencies due to tolerance and the need for larger amounts
of caffeine to achieve the same level of stimulation. This addic-
tive mechanism is further influenced by the high sugar content
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of SSB taxes in terms of reducing SSB consumption and improving
health, and important considerations when designing and assessing
the impact of SSB taxes. This figure is available as a downloadable
slide

of SSBs, which triggers reward centres in the brain, primarily
due to the rapid absorption of added sugar leading to pleas-
ure and reward [38]. This habit formation and the addictive
potential of caffeine and sugar may result in an increase in SSB
consumption, along with displacement of nutrient-dense foods
from the diet, overall increasing the risk of type 2 diabetes and
the other complications mentioned above. The habit-forming
potential of SSBs may constitute an actionable item for the
implementation of public health policies that are currently
applied to addictive substances [39].

SSBs as taxation targets SSBs are consumed on a global scale,
with intake levels being above the recommended daily limits
for free sugar in many countries. Collectively, SSBs are the
largest source of added sugar in the diet [21]. A study of SSB
consumption using data from 2010 for adults in 187 coun-
tries found that intake was higher in middle-income countries
compared with either high- or low-income countries, being
particularly high in Latin America and the Caribbean [40].
The discretionary nature of SSBs make them a suitable tar-
get for fiscal measures, such as taxation. SSBs are non-essential,
optional beverages, meaning they provide no nutritional value
and can be easily substituted with healthier alternatives, such as
water. An often-used approach to SSB taxation with the explicit
intent of improving public health involves leveraging excise
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taxes, which are incurred by SSB distributors in accordance with
the volume or sugar content of the SSBs supplied to retailers [41].
Excise taxes lead to an increase in retail prices for consumers,
dependent upon distributors raising the cost of SSBs to retailers,
who subsequently pass on this increase by raising the shelf prices
of these products. SSB sales taxes, calculated as a percentage
of the purchase price and added at the point of sale, have also
been enacted prior to the shift towards excise taxes [41]. Com-
pared with an excise tax, a sales tax is less likely to reduce SSB
consumption because, in certain countries, a sales tax is added
to the receipt after a consumer has already made their purchase
decision [42]. In contrast, excise taxes raise shelf prices of SSBs
so costs are increased at the moment the customer is making their
decision [42, 43]. Further, volume-based excise taxes are antici-
pated to discourage the purchase of large SSBs by proportionally
increasing their prices more than those of smaller sizes [42].
Taxing SSBs can nudge consumers towards making healthier
beverage choices. Indeed, research has found that SSBs tend to
have a modest elastic demand, meaning that changes in price can
have a meaningful impact on quantity demanded. According to
recent meta-analyses, there can be up to 12% intake reduction
after a 10% increase in price [44, 45]. SSB taxes are generally
regressive in nature, having more of an impact on lower-income
groups. These groups often have limited access to healthier alter-
natives, which are normally costly, and opt for inexpensive SSBs
[46, 47]. When these beverages are taxed, the additional cost rep-
resents a larger burden on the overall budget of individuals with a
lower income, compared with individuals with a higher income.
While the tax-induced higher costs of SSBs could increase the
chance of shifting purchases to healthier alternatives among
lower-income groups, the tax design should be structured to off-
set the regressive nature by introducing balancing measures, such
as targeted credits or differential subsidisation of water using tax
revenue [48]. These measures could also help to increase the
price elasticity of SSBs by counteracting the resistance to change
reinforced by the habit-forming potential of SSBs [39]. Nonethe-
less, the regressive nature of SSB taxes must be contextualised
to the setting that they are implemented in and balanced against
the much larger regressive nature of type 2 diabetes, which dis-
proportionally affects lower-income strata [1]. It has also been
shown that population-wide policies aiming to reduce sugar
consumption have the potential to address inequitable access to
healthful foods and reduce type 2 diabetes disparities related to
added sugar consumption [49, 50]. Furthermore, SSB taxes have
the potential to have a positive impact not only on type 2 diabetes
burden and related risk factors, but also on other prevalent and
serious conditions, such as NAFLD [21] or on oral health [22].

SSB taxes around the world According to the NOURISH-
ING policy database of World Cancer Research Fund Inter-
national [51], up to 2021, a total of 50 governments around
the world had enacted SSB taxes (electronic supplementary
material [ESM] Table 1). As stated, overall these strategies

aim to reduce the consumption of this type of beverage at the
population level by shifting populations to healthier choices,
reducing the burden of type 2 diabetes and related conditions,
such as obesity. Indirectly, SSB taxes should ideally contribute
to potential savings on healthcare expenditure by means of pre-
venting illness, and reuse of tax revenue on health promotion
and care actions. Schemes have been proposed since the early
1900s, when Nordic countries imposed taxes on non-alcoholic
beverages and confectionary food products, classifying these
as luxury items; this was mostly intended to raise revenue.
SSB-specific taxation started to appear from 2011.

In 2011, the Hungarian Parliament implemented a public
health product tax (PHPT), which includes an excise levy spe-
cifically targeting the salt, sugar and caffeine content of pre-
packaged foods that have healthier alternatives available, such
as SSBs (€0.018/1) [52]. In 2012, France introduced an excise
SSB tax that has evolved into a volume-based tax on SSBs
(€3.63 for 2 kg of added sugar per 100 1) as part of its current
efforts to address the rising rates of obesity and related health
issues [52]. Since these first examples, SSB taxes have been put
in place at similar levels across Europe, in Belgium (€0.119/1),
Catalonia (€0.12/1), Spain (21% tax), Croatia (tiered tax up to
€0.0796/1), Ireland (€0.30/1), Latvia (€0.14/1), Poland (€0.11/1),
Portugal (€0.20/1) and the UK (approximately €0.28/1). Finland
has had an excise duty tax on soft drinks since 1940, with rates
currently reaching up to €0.22/1, for beverages with >0.5%
sugar. Similarly, Norway, implemented taxes on non-alcoholic
beverages as luxury items as early as 1922, with SSBs taxed at
3.34 Norwegian krone (NOK)/I (approximately €0.37/1).

In the region of the Americas, Mexico pioneered an initial
tax scheme in 2011 in which a 25% tax was applied to energy
drinks with more than 20 mg of caffeine per 100 ml. Later, in
2013, this was complemented with an excise duty of 1 Mexi-
can peso (Mex$)/1 (approximately US$0.05/1) being applied
to sugary drinks [53] which has largely influenced the later
development of SSB tax schemes in other parts of America.
Countries such as Chile (13% tax), Peru (25% tax) and Ecuador
(US$0.0018/g sugar), and Bermuda (50% tax) and the Carib-
bean (Barbados [20% tax] and Dominica [10% tax]) all have
ongoing taxes on SSBs. In the USA, in 2014, Berkeley (CA)
became the first city in the country to implement a local tax
on SSBs (US$0.01/l oz or ~US$0.35/1), serving as a refer-
ence model for other cities across the country; nowadays the
same level of taxation is applied in San Francisco and Oakland
(both in CA), Albany (NY) and the Cook County (IL), while a
greater level of taxation is implemented in Philadelphia (PA)
(US$0.015/1 oz [~US$0.51/1]), Seattle (WA) (US$0.0175/f1 oz
[~US$0.35/1]), and Boulder (CO) (US$0.02/f1 oz [~US$0.67/1]).

In 2017, a 50% tax on SSBs was introduced in Bahrain,
Saudi Arabia and the United Arab Emirates. In 2020, Morocco
implemented a tax of US$0.0466/1 on beverages with <10%
juice content. Only a few other countries in the African
region have taxes at various levels and schemes, including
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Ethiopia (25%), Mauritius (US$0.0008/g sugar), Seychelles
(US$0.30/1) and South Africa (US$0.0011/g sugar).

In the South-East Asian region, Thailand opted for vol-
ume-based tax (US$0.15/1), while India applies a 40% tax on
any beverage with added sugar or sweetener, with this being
one of the highest goods and services taxes in the country.
Several countries in the Western Pacific region have adopted
SSB taxes, including Malaysia (US$0.095/1), the Philip-
pines (US$0.24/1), Brunei (US$0.28/1), the Cook Islands
(15% tax plus 2% rise per year since 2013), Fiji and Samoa
(both US$0.17/1), Tonga (US$0.50/1), Vanuatu (US$0.47/1),
French Polynesia (US$0.68/1) and Kiribati (40% tax).

Effectiveness of SSB taxes The effectiveness of food tax poli-
cies can vary depending on various factors, such as the specific
design of the tax, the target population, cultural norms and
enforcement mechanisms. Further, the effectiveness of taxa-
tion schemes can be looked at from different angles, from the
impact on planned, direct targets, such as reduction of SSB
consumption and health gains, to the potential indirect impact
resulting in alleviation of the burden on health systems, use
of revenues for preventive and reinforcing programmes, and
incentivising the industry to reformulate products to reduce
their sugar content. With regard to assessing the policy
impact on direct targets, it must be noted that assessing the
effectiveness of an SSB tax based on immediate health gains,
such as reduction in type 2 diabetes incidence shortly after
implementation, would be inadequate. In fact, it takes several
years for health tax-induced dietary changes to have a measur-
able impact on health. Instead, it is more feasible to examine
intermediate outcomes, such as decreased sales of SSBs and
increased purchases of healthier alternatives, which can be
used as an approximation for improved dietary intake (specifi-
cally, reduced SSB consumption). These estimates can then be
utilised to assess the potential health impacts, including reduc-
tions in the prevalence of overweight and the incidence and
prevalence of type 2 diabetes, and associated mortality rates.
Evidence on the impact of SSB tax is accumulating as multi-
ple evaluations are ongoing through simulation models and, more
recently, by natural experiments or randomised trials tailored to
the setting, the specific tax implementation and outcome being
explored [54]. The SSB tax policies that were implemented first
show promising results in terms of their impact on consump-
tion patterns, health gains and revenue use. For example, since
the implementation of the PHPT in Hungary in 2011, target-
ing the salt, sugar and caffeine content of pre-packaged foods
that have healthier alternatives available [52], the prices of taxed
products have increased, leading to a decline in their sales. Food
manufacturers have responded by reformulating their products
to reduce levels of the taxed ingredients. As a result, consumers
have made changes in their eating habits, opting to consume less
of the unhealthy products or switching to healthier alternatives
[55]. In line with this, assessment of the impact of the sugar tax
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in France indicated that the tax has led to a decrease in the con-
sumption of sugary drinks, particularly among certain population
groups, such as children and adolescents, as well as a shift in
consumer preferences towards healthier beverage options, includ-
ing water [56]. Mexico's SSB tax is perhaps the one strategy
with the most evidence accumulated for the effectiveness
of this type of policy [57-61]. Since its implementation in
2011, and update in 2013, the tax has led to a reduction in con-
sumption of SSBs vs pre-tax consumption ranging between
10.8 ml and 13.8 ml (21-92 kJ [5-22 kcal]) per person per day
[57], particularly among households with low-socioeconomic
status [59]. This is likely owing to the observed 6.3% reduction in
purchases of SSBs. This decrease in SSB purchases indirectly led
toa 16.2% increase in sales of untaxed beverages, such as bottled
water, again with greater effects being observed among lower-
income households and urban residents [58]. Further research
has evidenced a significant purchase reduction specifically in
middle-priced (around Mex$10 or US$0.58) SSBs (account-
ing for about 30% of overall SSB purchases in urban Mexico)
[57], suggesting the need for additional efforts to reformulate the
policy and maximise its effectiveness across price levels. Using
the reduction in SSB consumption observed in Mexico, a simu-
lation study estimated that the SSB tax of Mex$1/1 could lead
to a 2.45% relative reduction in obesity prevalence and prevent
89,000-136,000 cases of type 2 diabetes over a 10 year period in
Mexico [61]. Policies that have been implemented more recently
are reported as having less impactful effects; for example, the
data projected for Portugal by modelling the combination of
reduced SSB purchases and decreased sugar content in SSBs as
a result of reformulation estimates 40—78 new cases of obesity
annually, between 2016 and 2018 [62].

In contrast, more optimistic effects have been modelled for
type 2 diabetes-related mortality rates: if assuming a nation-
wide 10% price increase is applied for SSBs via use of an
excise tax across the USA, a 1.5% annual reduction in dia-
betes-related deaths was estimated [50]. A recent modelling
study examining the global health impact of increases in excise
taxes estimated that a one-time tax increase that resulted in a
50% price hike for SSBs could prevent 2.2 million premature
deaths worldwide over the next 50 years [63]. However, an
important limitation of modelling studies is the difficulty in
fully accounting for potential substitution effects, where con-
sumers may shift to other high-energy, but untaxed food items
[64]. A study in the USA that considered potential substitution
effects estimated that a 20% tax on SSBs would reduce their
purchase by around 10%, but energy intake would decrease
by only 4.8% [65]. In a systematic review of literature pub-
lished between 2009 and 2012 investigating the effect of food
taxes on consumption, 38 studies representing mostly model-
ling studies and two randomised controlled trials showed that
price changes were effective in both grocery store purchas-
ing and away-from-home food purchasing contexts [66]. The
most robust modelling studies (which considered substitution)
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showed larger effects for taxes on non-staple foods or bever-
ages for which there are similar untaxed substitutes (e.g. SSBs)
[66]. Through modelling studies, it has been suggested that
SSB taxes can lead to reductions in energy intake ranging from
0.01% to 0.04% for every 1% increase in price [64]. At the
population level, these small changes in consumption can have
a significant impact in the medium-to-long term.

A recent meta-analysis of 62 studies that used natural experi-
ment designs (e.g. interrupted time series, controlled and uncon-
trolled before and after studies, quasi-experimental studies)
to evaluate the impact of SSB tax observed that most studies
assessed changes in price (tax pass-through) or SSB sales, while
there were only 15 studies reporting on SSB consumption, and
only five studies reporting changes in BMI resulting from the
implementation of SSB sales taxes in the USA. None of the stud-
ies included evaluated the effect of SSB tax on type 2 diabetes or
any other chronic disease [67]. This meta-analysis estimated an
overall tax pass-through (the extent to which taxes were passed
on to consumers in the form of higher prices) of 82%. In other
words, a 10% SSB tax was linked to an 8.2% increase in con-
sumer prices of taxed beverages, suggesting an incomplete pass-
through [67]. In addition, an overall 15% reduction in SSB sales
was estimated across all studies, with no evidence of significant
substitution with sales of untaxed beverages [67].

Overall, the body of evidence accumulated to date points to
SSB taxation potentially providing greater benefit for lower-
income groups [50, 64], thus indicating the potential for SSB
taxes to be classed as equitable policies. However, while mod-
elling studies have estimated greater effects for lower socio-
economic groups [50, 68], evidence from empirical evaluation
appears disparate between countries [67], with some countries,
like Mexico, consistently reporting higher reductions in SSB
sales for low-socioeconomic households [58, 59], while oth-
ers, such as Spain, report greater declines in SSB sales among
higher-income groups [69]. A recent study on the impact of the
implementation of SSB taxes in Finland, France, Belgium and
Portugal investigated differences in the consumption of sug-
ary drinks among adolescents based on family affluence. This
study showed that SSB consumption was reduced across all
socioeconomic levels in all countries except in France, where
reductions were only observed among adolescents belonging
to families with the lowest affluence [47].

Revenues Taxes on SSBs can generate significant revenue that
can be directed towards public health programmes, health promo-
tion campaigns, or initiatives to address the burden of obesity and
related diseases. Tax revenues can support interventions aimed
at preventing and managing chronic conditions. Further, the rev-
enue generated from health taxes is the most immediate measure
of the impact of the policy, and it can serve as an indicator to track
changes in sales once the tax is implemented. Still, SSB taxes are
relatively new and evidence of their revenue-enhancing benefits
is still emerging; thus, while some tax policy designs describe

the use of budgets generated through revenues, there are few
reports monitoring the intended use of revenues from SSB taxes.
According to the NOURISHING policy database [51], during
the first year of the tax's implementation in Mexico, it was esti-
mated to have generated around Mex$18 billion (approximately
US$930 million) in revenue. This revenue should have been allo-
cated to fund programmes addressing malnutrition, obesity and
obesity-related chronic diseases, as well as access to drinking
water, according to the sixth transitory article of the Federal law
on income for the fiscal year 2017 [70]. Revenue from the 10%
excise tax applied to SSBs in the island of Dominica will go to
health promotion campaigns and, similarly, most (80%) of the
revenues from taxing SSBs in French Polynesia between 2002
and 2006 were earmarked for health promotion or for provid-
ing free and healthy breakfasts for primary school children in
Malaysia [51]. Other countries, such as Fiji, are directing rev-
enues directly to the state budget. In Poland, most revenues from
the sugar tax levy introduced in 2020 (approximately €7 million)
should go to the National Health Fund for the implementation of
educational and preventive activities, while only the remaining
part (3.5%) will be transferred to the state budget [S51]. In Hun-
gary, during the first four years of its operation, the PHPT gener-
ated approximately US$219 million in revenue. This revenue has
been utilised to increase the wages of 95,000 healthcare workers.
Additionally, since 2016, companies have been incentivised to
invest in health promotion activities in exchange for a deduction
in their PHPT liability [51]. In the USA, as aforementioned, a
number of state- or city-level tax policies are currently in place,
with revenue from the oldest SSB tax in the USA, in Berkeley,
CA, being directed into the city's general fund, which sponsors
community health and nutrition programmes. The revenue from
the tax implemented in San Francisco, CA, is handled by an advi-
sory committee, which makes recommendations on the potential
establishments and/or funding of programmes that should receive
funding to reduce the consumption of SSBs. Similarly, the cit-
ies of Boulder, CO, and Philadelphia, PA, plan to use revenues
from the SSB taxes installed in 2017 respectively, and 2018, to
help fund community-based initiatives on health promotion [51].

Recommendations and outlook

According to the WHO [71], health taxes imposed on prod-
ucts that have adverse effects on public health, such as SSBs,
offer multiple benefits, making them win—win policies. They
contribute to reduced cases of preventable mortality (the
United Nation’s Sustainable Development Goal [SDG] 3,
target 3.4) [72], preventing diseases, promoting health equity
and generating revenue for government budgets. The revenue
generated from these taxes can be allocated to various priori-
ties, financing universal health coverage and implementing
highly cost-effective population health measures that are cur-
rently underutilised, thereby alleviating the burden on health
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systems. The WHO aids with framing, designing, implement-  the WHO’s guidance and drawing from existing evidence,
ing and administering these policy measures, and, in 2022,  a set of recommendations for the future of SSB taxation is
they commissioned and published a guidance manual on SSB  presented in the Text box. These recommendations may posi-
taxation policies to promote healthy diets [73]. Considering  tively contribute to reducing the burden of type 2 diabetes.

Recommendations for SSB tax according to key steps of
policy formulation

e A tiered tax system based on the sugar content of SSBs can effectively reduce their
consumption and contribute to lower type 2 diabetes risk. By imposing higher tax rates on
beverages with higher sugar content, individuals are incentivised to avoid unhealthier choices,
hopefully forcing industry to discontinue or reformulate the beverage.

e Consider taxing beverages with artificial sweeteners to address the potential health risks
associated with these alternatives. While artificial sweeteners may not directly contribute to
energy intake, studies suggest that they may have a negative impact on health, including a
potential association with diabetes.

e In the tax-design phase, introduce plans for continued monitoring and evaluation, including of
potential unintended consequences, such as an increase in the consumption of alternative
unhealthy beverages that could undermine the intended benefits. With a monitoring system
in place, assessing these unforeseen consequences can be done promptly and measures can
be taken to circumvent issues.

Effective tax design

e Integrate complementary policies with SSB taxation. Implement re-enforcing policies that
target type 2 diabetes prevention and management. This can include restrictions/bans on
marketing sugary beverages to children, improving nutrition labelling to inform consumers
about sugar content, providing subsidies for healthy beverage alternatives, or promoting
marketing and educational campaigns. Plan the use of generated revenue from SSB taxation
to fund public health campaigns that specifically target type 2 diabetes prevention and
education.

e Engage with beverage manufacturers and industry stakeholders to encourage them to actively
participate in type 2 diabetes prevention efforts. Encourage the reformulation of products to
reduce sugar content voluntarily and promote the development of healthier beverage
alternatives.

Systems approach and
stakeholder engagement

e Acknowledging the regressive impact of SSB taxes. Strategies should explore ways to
mitigate the potential adverse effects on lower-income, vulnerable populations, such as using
tax revenues to subsidise healthier beverage options or overall healthy foods (fruits and
vegetables), as well as incentivising the access to health promotion programmes.

Address
inequalities

e Regularly review and adjust tax rates as population choices and manufacturers adapt. If
necessary, adjust tax rates to ensure they remain impactful in reducing consumption and
encouraging healthier choices.

e Evaluate the cross-border implications, and align with neighbouring governments to establish
a coordinated approach to tax policies and prevent cross-border trade. Ensuring consistency
in promoting healthier beverage options across borders can have a substantial impact on
mitigating the burden of type 2 diabetes on a broader scale. This is of relevance for the
European Union, where tax initiatives could be more efficiently coordinated.

e Increase transparency of information concerning the revenue generated by tax and extend
the assessment of the effectiveness of taxes to understand how the use of revenue could be
used for public health programmes.

e Conduct in-depth research to comprehensively assess the effects of taxes on type 2 diabetes,
along with their broader implications on various health outcomes, dietary habits and overall
lifestyle. Additionally, explore the heterogeneity of consumers’ responses to SSB taxes.

Monitoring, and process and impact
evaluation
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The effectiveness of SSB taxes depend on various fac-
tors, including the magnitude of the intervention, public
awareness and industry response [74]. Considering recent
trends and accumulating evidence on precision medicine
and prevention, it is crucial to emphasise the need for both
individual- and population-level strategies in the prevention
and management of type 2 diabetes. While population-wide
strategies, such as SSB taxes, overall play a fundamental
role in promoting healthy eating and lifestyle habits in our
societies, and therefore have an impact on big numbers of
people, these strategies are generally of modest impact at
an individual level. It is increasingly recognised that inter-
ventions should be tailored and adapted to specific groups
of individuals who would benefit the most. The concept
of precision medicine acknowledges that individuals may
respond differently to diet and lifestyle interventions. By
tailoring strategies to individual characteristics, such as
genetics, metabolic profile or other relevant factors, we can
optimise the effectiveness of interventions and improve
outcomes. This personalised approach, also in population
health, recognises that not all individuals will have the
same response to a given intervention and allows for more
precise and targeted care. However, it is important to note
that individual-level approaches should not overshadow the
importance of population-wide strategies that should be the
backbone of prevention. Public health initiatives, such as
taxation policies, educational campaigns and environmental
changes, can create a supportive environment for healthy
eating and living. These strategies address social determi-
nants of health and can benefit entire populations by pro-
moting healthier behaviours and reducing the overall burden
of type 2 diabetes, constituting the first tier in the prevention
continuum. To achieve optimal results, there needs to be
a synergy between individual-level approaches and popu-
lation-level strategies. Individual interventions should be
aligned with public health efforts to ensure coherence and
reinforce positive behaviour changes. By combining person-
alised approaches with broader public health initiatives, we
can create a comprehensive and integrated approach to type
2 diabetes prevention and management.

Conclusions

The potential impact of reducing added sugar intake through
SSB taxation is significant. Studies suggest that a reduction
in added sugar consumption can lead to improvements in
the risk of type 2 diabetes. However, the effectiveness of
taxes targeting SSBs have been, up to now, mostly assessed
by evaluating purchase reduction and decrease in consump-
tion, while evidence on the impact of reducing the burden of
type 2 diabetes is only available through modelling studies.

Overall, addressing modifiable risk factors through com-
prehensive public health approaches, including innovative
strategies such as taxation, is crucial for reducing the global
burden of type 2 diabetes and promoting better health out-
comes for individuals and communities.
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