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Abstract

OBJECTIVES: To describe and compare temporal trends in dietary energy
from sugar, obesity, and diabetes in Thailand and selected regions, contextualize
Thailand’s sugar availability in relation to WHO recommendations, and
examine the ecological association between obesity and diabetes prevalence.
MATERIALS AND METHODS: This ecological study used national-
level secondary data. Dietary energy from sugar and sweeteners (kcal/capita/
day, 2010-2023) was obtained from FAOSTAT Food Balance Sheets, while
obesity and diabetes prevalence (%) among adults (2010-2022) were obtained
from the WHO Global Health Observatory. Descriptive statistics and indexed
trends (2010 = 100) were used to summarize temporal changes for Thailand
and comparator regions (Asia, South-East Asia, the Americas, Africa, and
Europe). Spearman’s rank correlation coefficient was used to assess the
association between annual obesity and diabetes prevalence in Thailand, with
statistical significance set at p < 0.05.

RESULTS: From 2010 to 2023, dietary energy from sugar in Thailand
declined from 490.6 to 435.4 kcal/capita/day (—11.3%), while Asia (+9.8%)
and South-East Asia (+25.3%) showed rising trends. Despite this decline,
Thailand’s dietary energy supply from sugar remained more than twice the
Asian average and was comparable to that of the Americas, the region with
the highest sugar availability among the comparator regions. Meanwhile,
obesity prevalence in Thailand rose from 9.1% to 15.3% (+68.1%) and
diabetes prevalence rose from 8.7% to 12.3% (+41.4%) between 2010 and
2022. In Thailand, annual obesity and diabetes prevalence were positively
correlated (Spearman’s p = 1.00, p <0.001).

CONCLUSION: Although dietary energy from sugar in Thailand declined
during 2010-2023, it remained high when considered in relation to WHO
recommendations and most comparator regions, while obesity and diabetes
prevalence continued to rise. Sugar reduction alone is unlikely to
sufficiently curb the burden of diet-related NCDs; future public health efforts
should integrate sugar reduction with broader interventions targeting the food
environment and lifestyle-related risk factors.
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become a major public health priority in Thailand, where the burden

of obesity, type 2 diabetes mellitus (T2DM), cardiovascular diseases,
and other chronic conditions continues to increase. Long-term NCD control
requires a comprehensive approach that extends beyond medical treatment
alone, emphasizing primary prevention through health promotion, disease
prevention, and improvements in health literacy to support sustainable healthy
lifestyle behaviours.! Dietary modification is a key component of these
preventive strategies, and reducing excessive sugar consumption has been
identified as an important public health target.

The prevention and control of non-communicable diseases (NCDs) has

Population-level sugar consumption has increasingly been recognized as
an important dietary factor contributing to the global burden of non-
communicable diseases (NCDs), including obesity, type 2 diabetes mellitus
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(T2DM), cardiovascular diseases, and other metabolic
disorders.> Among dietary sources, sugar-sweetened beverages
are a major contributor to free sugar intake and have
consistently been associated with obesity, metabolic syndrome,
and non-alcoholic fatty liver disease.’ Consequently, reducing
excessive sugar consumption has become a global public health
priority.

Evidence suggests that diets high in added sugars contribute
to metabolic diseases through both direct and indirect
mechanisms. Fructose may directly impair lipid and carbohydrate
metabolism, while excessive sugar intake indirectly promotes
positive energy balance, weight gain, and adiposity, thereby
increasing the risk of metabolic diseases.*® These effects
involve chronic low-grade inflammation, insulin resistance,
ectopic fat accumulation, and oxidative stress.*® Obesity is
one of the strongest risk factors for type 2 diabetes and has
also been identified as a causal factor for at least 13 types of
cancer.” Although obesity and type 2 diabetes are closely
related, their biological pathways differ. Excessive sugar intake
is more directly associated with obesity, whereas its relationship
with type 2 diabetes is largely mediated through adiposity,
insulin resistance, and impaired glucose metabolism.?
Moreover, diabetes develops over a relatively long metabolic
latency period and is influenced by multiple determinants,
including ageing, genetic susceptibility, physical activity,
obesity, sleep patterns, smoking, and access to healthcare
services. Consequently, changes in dietary sugar intake are
likely to be reflected more rapidly in obesity than in diabetes
prevalence at the population level.

Recognizing these health consequences, the WHO recommends
limiting free sugar intake to <10% of total daily energy intake and
suggests a further reduction to <5% for additional health
benefits.” WHO also recommends the percentage of total energy
derived from free sugars (% energy from sugar) as a population-
level indicator because it enables standardized monitoring and
meaningful comparisons across populations and over time.

In Thailand, awareness of excessive sugar consumption
and its role in the prevention of non-communicable diseases
(NCDs) has increased substantially in recent years, accompanied
by several national sugar reduction initiatives.'” Nevertheless,
comprehensive evidence describing the current level and
long-term trends of dietary energy from sugar remains limited.
Consequently, it is unclear whether sugar intake in Thailand
is consistent with WHO recommendations, how it compares
with regional benchmarks, and whether national trends differ
from global patterns. 12

To address these knowledge gaps, this study aimed to
describe and compare temporal trends in dietary energy from
sugar, obesity, and diabetes in Thailand and selected regions,
contextualize Thailand’s sugar availability in relation to WHO
recommendations, and examine the ecological association
between obesity and diabetes prevalence using national-level
secondary data.
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Materials and Methods

This ecological study used national-level secondary data.
Data on dietary energy from sugar and sweeteners were
obtained from the Food and Agriculture Organization
Corporate Statistical Database (FAOSTAT), which is based on
the Food Balance Sheets and provides annual national food
supply data. The primary exposure variable was dietary
energy from sugar and sweeteners (kcal/day per capita), using
data from 2010 to 2023. Health outcome data were obtained
from the WHO Global Health Observatory, covering the
period from 2010 to 2022', the most recent year for which
data were available. The health outcomes included the
prevalence of adult obesity (%) and diabetes prevalence (%).

Statistical analysis

All data management and analysis were performed using
R version 4.5.3 (RStudio version 2026.05.0). Descriptive
statistics were used to present the annual dietary energy from
sugar and sweeteners (kcal/capita/day) and the prevalence of
obesity and diabetes for Thailand and the comparator groups
(Asia, South-East Asia, the Americas, Africa, and Europe).
Temporal trends over 2010-2023 were examined and
presented as line graphs, as well as absolute change and percent
change. For Thailand, to compare the relative changes of the
indicators on a common scale, each data series was indexed
to its 2010 baseline value (index, 2010 = 100). In addition, the
association between annual obesity and diabetes prevalence
in Thailand was assessed using Spearman’s rank correlation
coefficient (p), with statistical significance set at p <0.05.

Ethical Considerations

This study used publicly available, de-identified, and
aggregated data. No human participants were involved, and no
identifiable individual-level data were accessed. Therefore, ethical
approval was not required, and informed consent was not required.

Results

Table 1 summarizes changes in dietary energy supply from
sugar and sweeteners, obesity prevalence, and diabetes prevalence
in Thailand and the selected regions. From 2010 to 2023, dietary
energy supply from sugar and sweeteners in Thailand decreased
from 490.6 to 435.4 kcal/capita/day, representing an overall
reduction of 11.3%. In contrast, dietary energy supply from
sugar and sweeteners increased in Asia and South-East Asia,
with South-East Asia showing the largest increase (25.3%).

Despite varying trends in sugar availability across regions,
obesity and diabetes prevalence increased consistently between
2010 and 2022. In Thailand, obesity prevalence increased by
68.1%, while diabetes prevalence increased by 41.4%. South-East
Asia showed the largest relative increases in both obesity
(86.8%) and diabetes (83.3%). The Americas maintained the
highest obesity prevalence despite a decline in dietary energy
supply from sugar and sweeteners during the study period

(Table 1).
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Table 1: Summary of changes in dietary energy supply from sugar and health indicators

Indicator Region 2010  Latestavailable  Change % Change
Dietary energy supply from sugar (kcal/capita/day), Thailand 490.6 435.4 =15/2 -11.3
2010-2023 Asia 170.7 187.4 +16.7 +9.8
South-EastAsia  226.4 283.7 +57.3 +25.3
Americas 484.4 446.8 -37.6 -7.8
Africa 136.3 127.6 -8.7 -6.4
Europe 381.3 375.0 -6.3 =l.7
Obesity prevalence (%), 2010-2022 Thailand 9.1 15.3 +6.2 +68.1
Asia 6.2 1.1 +4.9 +79.0
South-East Asia 5.3 9.9 +4.6 +86.8
Americas 26.0 33.7 +7.7 +29.6
Africa 1.1 14.8 +3.7 +33.3
Europe 19.2 211 +1.9 +9.9
Diabetes prevalence (%), 2010-2022 Thailand 8.7 12.3 +3.6 +41.4
Asia 1.8 17.2 +5.4 +45.8
South-East Asia 7.2 13.2 +6.0 +83.3
Americas 10.8 13.1 +2.3 +21.3
Africa 9.6 12.0 +2.4 +25.0
Europe 6.2 7.3 +1.1 +17.7

A similar declining trend in food supply from sugar and
sweeteners was seen in the Americas, with a decrease from 484
to 447 kcal per capita per day (7.8%). Europe showed only a
slight decline, from 381 to 375 kcal per capita per day (1.7%),
while Africa decreased from 136 to 128 kcal per capita per day
(6.4%). In contrast, dietary energy supply from sugar and
sweeteners increased in both Asia and South-East Asia, rising
from 170.7 to 187.4 kcal/capita/day (9.8%) and from 226.4 to
283.7 kcal/capita/day (25.3%), respectively, as shown in Figure 1.

In Thailand, obesity prevalence rose steadily during the
study period, from 9.1% in 2010 to 15.3% in 2022, representing
a 68.1% overall increase. A similar upward trend was observed
in all regions. The Americas consistently recorded the highest
obesity prevalence, rising from 26.0% to 33.7% (29.6%). Europe
showed a smaller increase, from 19.2% to 21.1% (9.9%),
whereas Africa rose from 11.1% to 14.8% (33.3%). Although
Asia had the lowest obesity prevalence throughout the study
period, it increased from 6.2% in 2010 to 11.1% in 2022,
representing a 79.0% relative increase. A similar trend was
observed in South-East Asia, where obesity prevalence rose
from 5.3% t0 9.9%, corresponding to the largest relative increase
(86.8%) among the regions examined as shown in Figure 2.

Trends in diabetes prevalence among adults between 2010
and 2022 are shown in Figure 3. Diabetes prevalence increased
across all regions during the study period. In Thailand, it rose
from 8.7% in 2010 to 12.3% in 2022, an absolute increase of
3.6 percentage points and a 41.4% relative increase. Asia
consistently had the highest diabetes prevalence, increasing
from 11.8% to 17.2%. South-East Asia showed the largest
relative increase, rising from 7.2% to 13.2% (83.3%). By 2022,
diabetes prevalence in South-East Asia had exceeded that of
Thailand and approached the level observed in the Americas
(13.1%). In comparison, diabetes prevalence in the Americas
increased from 10.8% to 13.1%, while Africa increased from
9.6% to 12.0%. Europe maintained the lowest diabetes
prevalence throughout the study period, with a modest increase
from 6.2% to 7.3%, as shown in Figure 3.

While focusing on Thailand, Figure 4 shows the relative
changes in dietary energy from sugar, obesity prevalence, and
diabetes prevalence between 2010 and 2022, using 2010 as
the reference year (index = 100). Dietary energy from sugar
gradually declined over the study period, whereas both
obesity and diabetes prevalence increased steadily.
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Figure 1: Trends in dietary energy supply from sugar and
sweeteners in Thailand and selected regions, 2010-2023.
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Figure 2: Trends in adult obesity prevalence in Thailand
and selected WHO regions, 2010-2022.
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Figure 3: Trends in adult diabetes prevalence in Thailand and
selected WHO regions, 2010-2022.

Annual obesity and diabetes prevalence in Thailand were
positively correlated (Spearman’s p=1.00, p <0.001), indicating
that both outcomes followed similar upward trends during
2010-2022 (Table 2).

Table 2: Correlation between obesity and diabetes
prevalence in Thailand, 2010-2022

Variables

Obesity prevalence vs
diabetes prevalence

Spearman’s p
1.00

p-value
<0.001

Discussion

This study shows that although dietary energy from sugar
and sweeteners in Thailand declined between 2010 and 2023,
the overall level of consumption remained high. Thailand’s
intake was more than twice the average level reported for Asia
and was comparable to that of the Americas, the region with
the highest sugar intake worldwide. These findings suggest
that, despite a downward trend, Thailand continues to have
one of the highest levels of sugar consumption compared with
many other regions.'

During the study period, dietary energy from sugar and
sweeteners decreased by 11.3%, from 490.6 to 435.4 kcal per
capita per day. However, this decline largely reflects a
reduction from an exceptionally high baseline rather than a
shift toward an optimal level of intake. Assuming an average
daily energy intake of 2,000 kcal, the estimated energy obtained
from sugar accounted for approximately 22% of total daily
energy intake. However, because FAOSTAT Food Balance
Sheet data represent national food supply rather than actual
individual free-sugar intake, this comparison with WHO
recommendations should be interpreted cautiously. When
considered in relation to the WHO recommendation, this
level appears high; however, WHO recommends that free
sugars contribute less than 10% of total energy intake, with a
further reduction to below 5% providing additional health
benefits.” These findings indicate that Thailand continues to
face a substantial gap between current sugar consumption and

Figure 4: Relative trends in dietary energy supply from
sugar, obesity prevalence, and diabetes prevalence in Thailand,
2010-2022.

public health targets. Although sugar intake has declined over
time, the reduction is unlikely to be sufficient to produce
measurable improvements in the population burden of
obesity and diabetes. Both conditions are multifactorial non-
communicable diseases influenced not only by sugar intake but
also by a wide range of dietary, behavioral, and environmental
risk factors.!®

One possible explanation for Thailand’s consistently high
sugar intake is that the country is one of the world’s leading
sugar producers and exporters, ranking second only to Brazil.'®
In addition, the Thai sugar sector has long been supported by
a dedicated legal and institutional framework governing
sugar production, domestic distribution, imports, and exports.
This policy environment may have contributed to the stable
availability of sugar for both household consumption and food
manufacturing, making sugar and sugar-containing products
widely available and relatively affordable to consumers.!”

In addition, Thai dietary patterns may also contribute to
the persistently high sugar intake. Sugar is widely incorporated
not only into desserts and sugar-sweetened beverages but also
into savory dishes, sauces, condiments, tea and coffee beverages,
street foods, and processed foods.! Consequently, sugar is
consumed from a wide variety of food and beverage sources
throughout the day rather than only from traditional sweets or
sugar-sweetened beverages. This characteristic of the Thai
food system and dietary culture may partly explain why reducing
population-level sugar intake is more challenging than in
countries where sugar consumption is concentrated in only a
few food categories. These findings are consistent with the
concept that the food system and food environment strongly
influence dietary behaviors by determining the availability,
affordability, accessibility, and promotion of foods.!®

Another factor that may explain these findings is the
changing food environment in Thailand. Over recent decades,
the rapid expansion of processed and ultra-processed foods
has altered dietary patterns, with increasing consumption of
processed foods, ready-to-eat meals, and foods prepared
outside the home. These products are typically high in added
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sugars, fat, and energy, while remaining affordable, convenient,
and widely available. As a result, people may be exposed to
added sugars from a broader range of foods than in the past,
contributing to persistently high sugar intake.'” While these
changes in the food environment may help explain Thailand’s
persistently high sugar intake, they do not fully account for
the increasing burden of obesity and diabetes.

Dietary energy from sugar declined steadily over the study
period, whereas the prevalence of obesity and diabetes
continued to rise. This contrasting temporal pattern should not
be interpreted as evidence that lower sugar intake increases
the risk of obesity. Instead, it reflects the multifactorial
nature’® of obesity and type 2 diabetes, which are influenced
by a wide range of dietary, behavioral, demographic, and
environmental factors, including total energy intake, overall
diet quality, consumption of ultra-processed foods, physical
inactivity, sedentary behaviour, sleep, population ageing, and
broader socioeconomic factors.?

Furthermore, changes in disease prevalence may lag behind
changes in dietary exposure because of the cumulative effects
of long-term metabolic risk. Therefore, the contrasting temporal
patterns observed in this ecological study are more likely to
reflect multiple population-level changes occurring over time
than a direct biological relationship between changes in dietary
energy from sugar and disease prevalence. !

These findings suggest that lower sugar intake alone is
unlikely to substantially reduce the burden of diet-related
non-communicable diseases. A similar pattern has also been
observed across several regions based on FAOSTAT food
supply data and WHO Global Health Observatory estimates,
where dietary sugar availability remained stable or declined
while the prevalence of obesity and diabetes continued to
increase, including the Americas, Africa, and Europe.

The multifactorial nature of obesity may explain this
apparent paradox. Beyond sugar intake, multiple determinants
including greater consumption of ultra-processed foods,
excessive total energy intake, insufficient physical activity,
and other lifestyle factors are likely to contribute to the
continued rise in obesity and diabetes, indicating that
diet-related non-communicable diseases are driven by multiple
interacting factors rather than sugar intake alone.'s This
interpretation aligns with the conceptual framework proposed
by Turner et al.,”> who argued that effective prevention of
diet-related non-communicable diseases requires interventions
that extend beyond individual dietary behaviors to address the
broader food environment. They further emphasized the
importance of strengthening the research agenda on food
environments, particularly in low- and middle-income
countries, to generate context-specific evidence that can guide
effective nutrition policies and public health interventions.
Therefore, national-level strategies should focus not only on
limiting sugar consumption but also on improving the overall
food environment. This includes food reformulation, increasing
access to healthier foods, and restricting the availability and
marketing of energy-dense, nutrient-poor foods.
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In the Thai context, the decline in dietary energy from
sugar observed in this study may, at least in part, reflect the
cumulative effects of public health policies implemented over
the past decade. These include the introduction of the
sugar-sweetened beverage tax, mandatory nutrition labeling,
and the voluntary Thailand Healthier Choice Logo (THCL)*,
introduced in 2016 to promote healthier food choices. The
increasing uptake of the THCL appearing on 10.7% of all food
products and 39.5% of eligible products® together with policies
encouraging product reformulation, may have contributed to
reducing dietary sugar availability from foods and beverages
available in the Thai food supply.

However, existing policies may have a limited impact if
they continue to focus primarily on sugar-sweetened
beverages or selected food products. In Thailand, sugar is
commonly added to a wide range of foods, including savory
dishes, beverages, desserts, and processed foods. Therefore,
reducing population-level exposure to sugar is likely to require
abroader approach that addresses the overall food environment
rather than focusing solely on individual product categories.
Such an approach should combine product reformulation with
policies that improve access to healthier foods.

Such an approach is supported by experiences from
several countries, where national-level reductions in sugar
consumption have been achieved through comprehensive
policy packages that combine sugar-sweetened beverage
taxation, product reformulation, restrictions on the marketing
of unhealthy foods and beverages to children, front-of-pack
nutrition labeling, and other measures to create healthier food
environments. Evidence from the United Kingdom indicates
that industry-led product reformulation, together with
changes in consumer purchasing behavior, contributed to
reductions in the amount of sugar sold in soft drinks.?
Similarly, Mexico’s sugar-sweetened beverage tax was
associated with a sustained reduction in purchases of taxed
beverages,’* while Chile’s comprehensive food labeling and
advertising law, introduced in 2016, combined front-of-
package warning labels, restrictions on child-directed marketing,
and school food policies, resulting in healthier food purchasing
patterns and reduced purchases of sugar-sweetened beverages.”’

These international experiences also provide useful lessons
for strengthening future sugar reduction policies in Thailand.
Building on the national Less-Sweet Drink Policy and
Campaign, the Ministry of Public Health has recently
introduced a new policy initiative encouraging participating
beverage vendors to redefine the default level of sweetness
(“regular sweetness”) to 50% of the original recipe. By changing
the default option rather than relying solely on individual
consumer choice, this initiative aims to modify the food
environment and gradually reduce national-level preference
for sweet tastes.®

Given its recent implementation, the policy has not yet
been formally evaluated for its impact on sugar consumption
or health outcomes. Nevertheless, it represents a promising
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population-based strategy that warrants systematic monitoring
and evaluation. Future evaluation over the next 5-10 years
should include both short-term indicators, such as changes in
dietary sugar consumption, consumer acceptance of lower
sweetness levels, and product reformulation by the food and
beverage industry, as well as longer-term outcomes, including
trends in obesity, diabetes, and other diet-related non-
communicable diseases. Such outcomes are unlikely to be
observed in the short term because these conditions have a
relatively long latency period and are influenced by multiple
interacting determinants.

Taken together, these findings highlight the need for
comprehensive and sustained strategies to reduce sugar
consumption at the population level.

Policy implications and recommendations

1. Continue implementing sugar reduction strategies
through sustained collaboration among government
agencies, the food and beverage industry, academia,
and other key stakeholders. Thailand’s experience with
the national sodium reduction strategy demonstrates
the value of multisectoral collaboration in implementing
population-based nutrition policies and may provide a
practical model for future sugar reduction efforts.”

2. Develop a long-term sugar reformulation roadmap with
progressive reduction targets, supported by a national
monitoring and evaluation system. The roadmap should
draw on international experience with gradual product
reformulation, allowing consumers to adapt to lower
sweetness levels while maintaining product
acceptability. *

3. The newly introduced default sweetness policy should
be evaluated as a natural policy experiment through
systematic monitoring of changes in dietary sugar
consumption, consumer acceptance of lower sweetness
levels, industry reformulation, and obesity- and
nutrition-related indicators over the next 5—10 years.
As diabetes and other diet-related non-communicable
diseases have long latency periods and multifactorial
etiologies, obesity and nutrition-related indicators
should serve as intermediate outcomes for assessing
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