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Objectives: This study aimed to assess the global, regional, and national burden

of disease attributable to high-sodium diets from 1990 to 2021.

Methods: Data on the global high-sodium diet-related disease burden were

obtained from the Global Burden of Disease 2021 (GBD2021). A Bayesian age-

period-cohort model (BAPC) was used to project trends from 2022 to 2040.

Results: Between 1990 and 2021, both the age-standardized death rate (ASDR)

and age-standardized disability-adjusted life years rate (ASYR) attributable to

high-sodium diets declined. The burden varied across Social Development Index

(SDI) levels, regions, and countries, with Central Europe, East Asia, and Southeast

Asia experiencing the highest burden. At the national level across 204 countries,

the Republic of Bulgaria recorded the highest ASDR and ASYR, while the Islamic

Republic of Pakistan experienced the most rapid increases in both ASDR and

ASYR. Additionally, the ASDR and ASYR increased with age and were consistently

higher in men than in women. The GBD2021 reported 8 diseases attributed to

high-sodium diets, arranged in descending order of disease burden as follows:

stroke, Ischemic heart disease, Hypertensive heart disease, Stomach cancer,

Chronic kidney disease, Atrial fibrillation and flutter, Aortic aneurysm, Lower

extremity peripheral arterial disease. The BAPC prediction results showed that

the ASDR and ASYR of high-sodium diets would decrease by 23.28 and 19.46%,

respectively, from 2022 to 2040.

Conclusions: The global disease burden due to high-sodiumdiets has decreased

over the past three decades, though disparities remain. Targeted investigations

are urgently needed, particularly in high-burden regions, to further reduce the

health impacts of excessive sodium intake.
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1 Introduction

Sodium is an essential nutrient that plays a vital role in numerous physiological

processes, including the regulation of water and electrolyte balance, acid-base homeostasis,

and proper functioning of the heart and nervous system (1). A 2023 study by the World

Health Organization (WHO) reported that the global average daily sodium intake was

4,310 mg/day—more than double the WHO recommended limit of 2,000 mg/day. GBD

2021 estimates indicate that excessive sodium intake is associated with ∼1.86 million
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deaths annually. High dietary sodium consumption significantly

increases the risk of various chronic non-communicable diseases.

Research by Wang et al. (2) found that individuals with high

sodium intake have a higher risk of cardiovascular disease (CVD);

specifically, each 6-gram increase in sodium intake is associated

with a 1% increase in CVD risk. An 8-year follow-up study also

demonstrated that, after adjusting for confounding factors, higher

sodium intake was linked to an increased risk of cardiovascular

disease (3). Furthermore, a meta-analysis involving 261,732

participants reported a positive correlation between sodium intake

and stroke risk (4). Wu et al. (5) also found a significant

association between high salt consumption and an increased risk

of gastric cancer. Another meta-analysis of randomized clinical

trials showed that reducing sodium intake, increasing potassium

intake, and using potassium-enriched salt substitutes in the diet

can effectively lower blood pressure (6). Research by Yang et al.

(7) further supports that lower sodium intake may help prevent

major cardiovascular events. Additionally, findings from the 2019

Global Burden of Disease (GBD) study indicated a link between

high-sodium diets and chronic kidney disease, with an estimated

45,530 global deaths annually attributed to high sodium-induced

kidney disease (8). Overall, substantial evidence suggests that

high dietary sodium intake is associated with multiple adverse

health outcomes. Further analysis is warranted to understand

the distribution of disease burden attributable to high sodium

consumption, which could inform and guide the development of

targeted public health policies.

According to the GBD 2019 study, dietary risks ranked third

among all secondary risk factors contributing to GBD (9). Another

research on dietary risks indicated that in 2017, Over half of

diet-related deaths were attributed to excessive sodium intake

(10). To date, only one GBD study has specifically examined the

impact of high sodium intake from 1990 to 2019 (11), with a

primary focus on regional variations and the effects of population

growth and aging on sodium-relatedmortality. However, that study

did not examine differences across gender and age groups or

explore specific disease types associated with high sodium intake.

Therefore, despite these insights, there remains a pressing need for

updated and comprehensive data to inform current health policies

and intervention strategies.

To address this gap, the present research utilized data from

the GBD 2021, covering the period from 1990 to 2021. This

study analyzed the disease burden attributable to high-sodium

diets across different SDI levels, regions, countries, genders, and

age groups. Furthermore, this paper projects future trends in age-

standardized death rate and age-standardized disability-adjusted

life years rate due to high-sodium diets through 2040.

2 Materials and methods

2.1 Data resources and collection

Data on high-sodium diets were obtained from the Global

Burden of Disease Study Database in 2021 (https://vizhub.

healthdata.org/gbd-results/), which provides global, regional, and

national data on 88 risk factors from 1990 to 2021 (12). This study

specifically used global data on high-sodium diets from 1990 to

2021. The variables collected include gender, age, region, country,

Social Development Index, number of deaths, number of disability-

adjusted life years (DALYs), age-standardized death rate (ASDR),

and age-standardized disability-adjusted life years rate (ASYR).

2.2 Social development index (SDI)

The SDI is a composite measure that reflects a country’s or

region’s level of development based on fertility rates, education

levels, and per capita income. The SDI values range from 0 to 1,

with higher values indicating higher levels of social and economic

development (13). To better examine the relationship between

high-sodium diets and development, this study categorized

countries and regions into five SDI groups: low SDI, low-middle

SDI, middle SDI, middle-high SDI, and high SDI.

2.3 Calculation of estimated annual
percentage change (EAPC)

The EAPC is a commonly used metric for evaluating trends

in age-standardized rates over a specific period (14). In this study,

EAPC and its 95% confidence interval were calculated to assess the

temporal trends of ASDR and ASYR attributable to high-sodium

diets from 1990 to 2021. The formula used for EAPC calculation is

as follows (15):

Ln(y) = α + β (x)+ ε ,

EAPC = 100% × (exp(β)− 1)

Where “y” represents a rate (such as incidence rate, mortality

rate, etc.), “x” represents the year, “β” is the slope of the trend

segment, “α” is the intercept, and “ε” is the error term. If both

the EAPC and its 95% CI value are >0, it can be considered that

the corresponding age-standardized rate shows an upward trend;

conversely, if both the EAPC and its 95% CI value are <0, it is

considered that the corresponding age-standardized rate shows a

downward trend.

2.4 Bayesian age-period-cohort (BAPC)
model

This study employed the BAPC model to predict the global

disease burden attributable to high-sodium diets from 2022 to

2040 (16, 17). The BAPC model is an age-period-cohort model

within the Bayesian framework. It treats all unknown parameters

as random variables, assigning appropriate prior distributions, and

does not rely on explicit parameter settings. The model estimates

the posterior distribution by incorporating prior information about

the unknown parameters based on the posterior distribution. The

BAPC model can be expressed as:

ln
(

λij
)

= µ + αi + βj + γk + Zij,

Frontiers inNutrition 02 frontiersin.org

https://doi.org/10.3389/fnut.2025.1617644
https://vizhub.healthdata.org/gbd-results/
https://vizhub.healthdata.org/gbd-results/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Nie et al. 10.3389/fnut.2025.1617644

FIGURE 1

ASDR and ASYR of high-sodium diets at global and di�erent SDI levels, 1990–2021.

Among them, µ is the intercept, represents the age effect, βj

represents the period effect, γk represents the cohort effect, and

Zij represents the unstructured variation parameter, adopting a

Gaussian normal distribution with a mean of 0.

Zij ∼ N(0, k−1
z )

The BAPC model is implemented within the integrated

nested Laplace approximation (INLA) framework for Bayesian

inference. Compared to the traditional Markov chain Monte

Carlo (MCMC) model, the INLA-based method has lower

computational complexity and avoids common issues such as

poor mixing and convergence in MCMC, while offering improved

accuracy (16, 17).

2.5 Statistical analysis

In this study, the EAPC was used to evaluate trends across

different SDI levels, regions, countries, and genders from 1990

to 2021. The BAPC model was used to predict the disease

burden attributable to high-sodium diets from 2022 to 2040. All

statistical analyses and data visualization were conducted using R

version 4.3.1.

3 Results

3.1 Global level

In 2021, the number of deaths attributed to high-sodium

diets was 1,857,695.59 (95% UI: 367,760.85 to 4,251,577.09),

representing a 52.14% increase compared to 1990. Despite

the substantial rise in absolute deaths, the ASDR per 100,000

population showed a decreasing trend, dropping from 33.72 (7.99

to 76.75) in 1990 to 22.12 (4.25 to 50.87) in 2021. The EAPC for

ASDR was −1.44 (−1.48 to −1.4). In the same year, the number

of DALYs attributable to high-sodium diets reached 41,275,914.09

(9,297,839.45 to 91,456,678.48), making a 40.50% increase from

1990. Similar to ASDR, ASYR also declined, falling from 745.54 per

100,000 population (199.38 to 1624.22) in 1990 to 478.29 (105.88

to 1064.85) in 2021, with an EAPC of −1.53 (−1.57 to −1.48)

(Figure 1, Table 1, Supplementary Table S1).

3.2 Regional level

The global burden due to high-sodium diets exhibits marked

regional disparities, closely related to SDI levels. In 2021, the

Middle SDI region reported the highest ASDR and ASYR, at

30.96 per 100,000 population (6.83 to 67.93) and 654.82 per
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TABLE 1 ASDR and ASYR trends in global, SDI and regional high–sodium

diets, 1990–2021.

Location EAPC of ASDR
(95%CI)

EAPC of ASYR
(95%CI)

Global −1.44 (−1.48 to−1.40) −1.53 (−1.57 to−1.48)

SDI

High SDI −2.39 (−2.49 to−2.29) −2.28 (−2.37 to−2.18)

High–middle SDI −1.58 (−1.72 to−1.44) −1.74 (−1.89 to−1.59)

Middle SDI −1.67 (−1.73 to−1.61) −1.79 (−1.84 to−1.73)

Low–middle SDI −0.54 (−0.56 to−0.51) −0.63 (−0.66 to−0.61)

Low SDI −0.91 (−1.02 to−0.80) −1.11 (−1.2 to−1.02)

Regional

Andean Latin

America

−1.76 (−1.88 to−1.63) −1.8 (−1.93 to−1.66)

Australasia −3.45 (−3.57 to−3.34) −3.43 (−3.59 to−3.27)

Caribbean −1.45 (−1.60 to−1.29) −1.14 (−1.31 to−0.98)

Central Asia −1.94 (−2.14 to−1.74) −2.35 (−2.58 to−2.11)

Central Europe −2.38 (−2.46 to−2.30) −2.61 (−2.7 to−2.51)

Central Latin

America

−1.38 (−1.52 to−1.25) −1.34 (−1.48 to−1.21)

Central

Sub–Saharan Africa

−0.13 (−0.19 to−0.07) −0.27 (−0.33 to−0.22)

East Asia −1.76 (−1.85 to−1.68) −1.88 (−1.95 to−1.81)

Eastern Europe −1.64 (−2.12 to−1.16) −1.68 (−2.21 to−1.15)

Eastern

Sub–Saharan Africa

−1.87 (−1.98 to−1.77) −2.17 (−2.29 to−2.05)

High–income Asia

Pacific

−4.51 (−4.73 to−4.30) −4.46 (−4.66 to−4.26)

High–income

North America

−0.38 (−0.48 to−0.27) 0.21 (0.10 to 0.33)

North Africa and

Middle East

−1.37 (−1.44 to−1.30) −1.48 (−1.53 to−1.42)

Oceania −0.86 (−0.92 to−0.80) −0.72 (−0.79 to−0.64)

South Asia 0.17 (0.07 to 0.26) 0.14 (0.06 to 0.23)

Southeast Asia −1.35 (−1.41 to−1.29) −1.53 (−1.60 to−1.46)

Southern Latin

America

−2.14 (−2.26 to−2.03) −2.25 (−2.35 to−2.14)

Southern

Sub–Saharan Africa

−0.04 (−0.4 to 0.32) −0.4 (−0.75 to−0.06)

Tropical Latin

America

−2.6 (−2.65 to−2.54) −2.62 (−2.69 to−2.56)

Western Europe −2.67 (−2.8 to−2.55) −2.75 (−2.89 to−2.62)

Western

Sub–Saharan Africa

−0.25 (−0.33 to−0.17) −0.32 (−0.40 to−0.23)

100,000 population (168.32 to 1371.87) respectively. In contrast,

the high SDI region recorded the lowest ASDR and ASYR, at 8.74

per 100,000 population (1.02 to 23.20) and 185.04 per 100,000

population (24.12 to 468.47) (Figure 1 and Table 1). Across all SDI

regions, both ASDR andASYR demonstrated a declining trend. The

high SDI region experienced the most rapid decline, with EAPCs of

−2.39 (−2.49 to −2.29) for ASDR and −2.28 (−2.37 to −2.18) for

ASYR (Table 1, Supplementary Tables S1, S2).

In 2021, at the regional level, Central Europe reported the

highest ASDR at 44.61 per 100,000 population (95% UI: 12.63 to

84.03), followed by East Asia at 42.96 (95% UI: 11.32 to 87.40), and

Southeast Asia at 38.84 (95% UI: 6.83 to 81.73). In terms of ASYR,

East Asia has the highest-burden at 890.63 per 100,000 population

(95%UI: 294.06 to 1,700.52), followed by Southeast Asia at 856.53

(95%UI: 166.98 to 1,769.38), and Central Europe at 797.07 (95%UI:

231.80 to 1,500.36). While most regions showed a declining trend

in both ASDR and ASYR from 1990 to 2021, an exception was

observed in South Asia, where the EAPC of ASDR exhibited a slight

upward trend at 0.17 (95% CI: 0.07 to 0.26). Additionally, the ASYR

exhibited an increasing trend in both High-income North America

and South Asia, with EAPCs of 0.21 (0.1 to 0.33) and 0.14 (0.06 to

0.23), respectively (Table 1, Supplementary Tables S1, S2).

3.3 National level

In 2021, at the national level, among 204 countries analyzed,

the Republic of Bulgaria recorded the highest ASDR at 103.11 per

100,000 population (32.89 to 182.22), followed byNorthMacedonia

at 91.88 (26.02 to 169.06), and Montenegro at 76.37 (21.70 to

139.98). Similarly, the Republic of Bulgaria had the highest ASYR

at 1,831.62 per 100,000 population (588.88 to 3,263.68), followed

by the Republic of Nauru at 1,450.34 (142.30 to 3634.50), and

North Macedonia at 1,433.91 (401.31 to 2,659.94). Furthermore, 29

countries exhibited an increasing trend inASDR, while 24 countries

showed an upward trend in ASYR. Notably, the Islamic Republic of

Pakistan experienced the most rapid increases in both, with EAPCs

of 1.76 (1.52 to 1.99) for ASDR and 1.78 (1.54 to 2.02) for ASYR

(Figure 2, Supplementary Table S3).

3.4 Age and sex patterns

In 2021, both the ASDR and ASYR attributable to high-sodium

diets showed a gradual increase with age (Figure 3). Prior to the

40–44 age group, no significant differences were observed between

males and females. However, beginning at the age of 45, both ASDR

and ASYR were higher in males than in females, with the gender

gap widening progressively with age and peaking in the 90–94 age

group (Figure 4). Interestingly, in low SDI regions, the ASDR and

ASYR were higher in females than in males, in contrast to the

other four SDI regions, which followed the global pattern of higher

burden in males.

3.5 The burden of di�erent diseases caused
by high-sodium diets

Table 2 shows the ASDR and ASYR for eight diseases due to

high-sodium diets in 2021. Ranked from highest to lowest, the

diseases with the greatest burden are as follows: Stroke, Ischemic

heart disease, Hypertensive heart disease, Stomach cancer, Chronic

kidney disease, Atrial fibrillation and flutter, Aortic aneurysm,

Lower extremity peripheral arterial disease.
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FIGURE 2

The distribution of ASDR (A) and ASYR (B) caused by high-sodium diets in 204 countries and territories in 2021.

3.6 Future forecasts of the global burden of
high-sodium diets

Figure 5 shows the projected ASDR and ASYR attributable

to high-sodium diets by gender from 2022 to 2040. As shown,

both ASDR and ASYR are expected to decline in both males

and females over this period. Globally, ASDR is projected to

decrease from 22.12 per 100,000 population in 2021 to 16.97 per

100,000 population in 2040—a reduction of 23.28%. Similarly,

ASYR is projected to decline from 478.29 to 385.21 per 100,000
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FIGURE 3

Age-specific ASDR (A) and ASYR (B) of high-sodium diets in di�erent SDI regions in 2021.

population, representing a 19.46% decrease. Among females, the

ASDR is expected to fall from 15.11 to 11.58 per 100,000 population

(a 23.36% decrease), while ASYR is expected to decline from

310.48 to 243.88 per 100,000 population (a 21.45% decrease). For

males, ASDR is anticipated to decrease from 30.70 to 23.62 per

100,000 population (a 23.09% reduction), and ASYR from 667.98

to 534.53 per 100,000 population (a 19.98% reduction) by 2040

(Supplementary Table S4).

4 Discussion

High-sodium diets have been linked to numerous health

conditions, including hypertension, cardiovascular diseases, gastric

cancer, and chronic kidney disease. Despite their significant impact,

only one prior study has specifically ed the disease burden

attributable to high-sodium diets (11). This study focuses on

regional differences and examines the impact of population growth

and aging on sodium-related mortality rates, highlighting its

significant research value. However, that study did not examine

differences across gender and age groups or explore specific disease

types associated with high sodium intake (11). In addition, the

2023 WHO Salt Reduction report focuses on the salt intake levels

across WHO member states and the changes in sodium intake

resulting from policy intervention. In contrast, our study primarily

emphasizes the disease burden associated with high-sodium diets.

Based on this, we conducted a comprehensive global and regional

analysis using data from the GBD 2021, covering the period

from 1990 to 2021. This study encompasses 204 countries or

regions globally and spans nearly three decades. By identifying

the populations and areas most affected by high-sodium diets, our

findings aim to inform targeted interventions and guide effective

public health strategies.
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FIGURE 4

ASDR (A) and ASYR (B) of high-sodium diets by sex, age group, and social development index, 1990 and 2021.

Our findings show that the global ASDR and ASYR attributable

to high-sodium diets declined trend from 1990 to 2021. In addition,

the BAPC model predicted that the disease burden of high-sodium

diets also showed a downward trend from 2022 to 2040. This may

be primarily attributed to the following two reasons. Firstly, over

the past three decades, there has been significant improvement in

the prevention and treatment of diseases related to high sodium

intake, such as cardiovascular diseases, stomach cancer, and chronic

kidney disease (11). Second, this trend may be attributed to the

implementation of salt-reduction policies. These policies primarily

achieve effective population-level sodium intake control through

establishing food sodium standards, strengthening nutrition and

health education, and implementing nutrition labeling regulations

(18). This study also found that the absolute numbers of deaths

and disability-adjusted life years caused by high sodium diets are

on an upward trend. As previous research has shown, the increase

in absolute burden is primarily driven by demographic factors,

namely population growth and population aging (11).
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TABLE 2 The ASDR and ASYR of major diseases caused by high-sodium

diets in 2021.

Disease ASDR ASYR

1990 2021 1990 2021

Stroke 14.83 8.70 343.12 200.37

Ischemic heart disease 10.38 7.86 213.88 163.37

Hypertensive heart

disease

5.90 3.70 121.71 70.13

Stomach cancer 1.74 0.89 44.53 20.78

Chronic kidney disease 0.73 0.84 18.55 19.81

Atrial fibrillation and

flutter

0.12 0.12 3.23 3.36

Aortic aneurysm 0.02 0.02 0.37 0.34

Lower extremity

peripheral arterial

disease

0.01 0.01 0.16 0.13

From 1990 to 2021, there were marked regional disparities

in the disease burden attributable to high-sodium diets, largely

reflecting differences in sodium intake levels. Previous studies

have demonstrated substantial variations in dietary sodium

consumption across regions (10), with East Asia reporting the

highest intake. Central Europe and Southeast Asia also exhibit

sodium intake levels exceeding the WHO’s recommended limits,

aligning with the findings of this study regarding countries with

a high burden from high-sodium diets. These results underscore

the need for targeted sodium reduction strategies in high-burden

areas. The Social Development Index (SDI) has been recognized

as a key determinant of disease mortality and DALY rates (19).

In this study, both the ASDR and ASYR were lowest in high SDI

regions, likely due to better access to health education, healthcare

services, and coordinated preventive efforts. Interestingly, ASDR

and ASYR in middle-SDI regions have now surpassed those in low-

middle and low-SDI regions, suggesting a shifting burden and the

need for a renewed focus on middle-income settings. Furthermore,

the results of this study indicate that at the national level across the

204 countries, the Republic of Bulgaria recorded the highest ASDR

and ASYR, while the Islamic Republic of Pakistan experienced the

most rapid increases in ASDR and ASYR. Due to data limitations,

the specific reasons for these trends remain unclear, which is

also one of the main limitations of the research related to GBD.

However, previous studies have shown that the sodium intake in the

Republic of Bulgaria is 5,089 mg/d (18), significantly higher than

the 2,000 mg/d recommended by the WHO. This suggests that the

disease burden associated with high-sodium diets in the Republic

of Bulgaria is relatively high. Additionally, two other studies have

shown an increasing trend in sodium intake in several South Asian

countries, which may help explain the rising ASDR and ASYR in

the Islamic Republic of Pakistan (3, 18). Nevertheless, the reasons

for the fastest increase in ASDR andASYR due to high-sodium diets

in the Islamic Republic of Pakistan remain unknown, and more

detailed studies are still needed to explore the underly causes.

Our analysis revealed that the disease burden attributable

to high-sodium diets is higher in men than in women, which

is consistent with previous findings (11). Men tend to excrete

more sodium in their urine (247 mmol/d) compared to women

(218 mmol/d) (20), suggesting a higher internal exposure to

sodium and potentially greater health risks. Moreover, men are

generally more likely to engage in unhealthy behaviors, such as

smoking and excessive alcohol consumption (21), both of which are

associated with a preference for foods and increased sodium intake.

Physiologically, women are less susceptible to the adverse effects

of high sodium intake, as they appear to regulate sodium balance

more effectively under high-salt dietary conditions (22). These

differences underscore the importance of developing gender-based

sodium reduction strategies. Additionally, this study also found

that both the ASDR and ASYR are attributable to high-sodium

diets, which increase progressively with age. Therefore, public

health intervention should prioritize education on appropriate

sodium intake and promote a low-sodium diet—particularly

among older adults and populations with a strong preference for

salty foods.

The results of this study indicate that the top five disease

burdens attributable to high sodium diets are stroke, Ischemic heart

disease, hypertensive heart disease, stomach cancer, and chronic

kidney disease. Previous studies have explored the correlation

between high sodium intake and conditions such as stroke,

hypertension, and ischemic heart disease (23–25). The underlying

mechanism through which high-sodium diets contribute to these

diseases involves disruption of the renin-angiotensin-aldosterone

system and an increase in cardiac output, both of which lead to

elevated blood pressure. Sustainable increases in blood pressure

and cardiac output subsequently contribute to the development

and progression of cardiovascular diseases (26). In addition, high

sodium consumption is associated with gastric cancer (5). Excessive

salt intake may facilitate colonization by Helicobacter pylori in

the stomach, a well-established risk factor for gastric cancer (27).

High-sodium diets may also promote cancer progression through

various mechanisms, including immune modulation, alternations

in gut microbiota, and increased inflammation (28). While the

pathophysiological connection between sodium intake and the

development of chronic kidney disease is not yet fully understood,

several plausible mechanisms have been proposed. Some studies

suggest that high salt intake may lead to greater consumption of

sugar-sweetened beverages, obesity, and hypertension—all known

risk factors for chronic kidney disease (29–32). Furthermore,

animal studies have demonstrated that high-sodium diets can

exacerbate to exacerbate renal fibrosis and disrupt fatty acid

metabolism (33).

This study has several limitations. First, the accuracy of the

estimates may be influenced by the quality and availability of data

sources across different countries and regions. In particular, the lack

of reliable epidemiological data may result in an underestimation

of the true disease burden. Second, the GBD methodology relies

on various assumptions and modeling techniques, which may

introduce a degree of uncertainty into the estimates. Compared

to the high-sodium diet data from 2019, the GBD collaborators

did not update the exposure data sources used in the dietary risk

factor model in 2021, which may also have an impact on our

research findings. Third, due to limitations in data collection, it

is challenging to thoroughly investigate the reasons behind the

regional disparities in disease burden.
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FIGURE 5

The BAPC model’s prediction of ASDR (A) and ASYR (B) attributable to high-sodium diets by di�erent genders from 2022 to 2040.

5 Conclusions

Between 1990 and 2021, both the ASDR and ASYR attributable

to high-sodium diets showed a declining trend. Projections from

2021 to 2040 indicate further reductions, with ASDR expected to

decrease by 23.28% and ASYR by 19.46%. Regions such as Central

Europe, East Asia, and Southeast Asia bear the highest disease

burden. Males and older adults are disproportionately affected by

high-sodium diets, which are linked to several health conditions,

including cardiovascular diseases, gastric cancer, diabetes, and

chronic kidney disease. It is necessary to implement health

education, nutrition labeling, and other salt reduction-related

measures targeting high-risk groups and regions in order to

mitigate the disease burden caused by high-sodium diets.

Data availability statement

The datasets presented in this study can be found in

online repositories. The names of the repository/repositories and

accession number(s) can be found below: https://vizhub.healthdata.

org/gbd-results/.

Author contributions

YN: Writing – review & editing, Software, Formal analysis,

Data curation, Writing – original draft, Conceptualization,

Methodology, Supervision. NW: Formal analysis, Writing –

original draft, Data curation, Software, Methodology. MH:

Software, Writing – original draft, Data curation, Methodology.

YLi: Methodology, Investigation, Software, Writing – review &

editing. YLu: Formal analysis, Supervision, Writing – review &

editing. HL: Visualization, Funding acquisition,Writing – review &

editing. LW: Funding acquisition, Data curation, Writing – review

& editing, Investigation.

Funding

The author(s) declare that financial support was received for

the research and/or publication of this article. This research was

funded by Jiangxi Provincial Natural Science Foundation (grant

number 20202ACBL206016) and National Key R&D Program of

China (grant number 2020YFC2002901).

Frontiers inNutrition 09 frontiersin.org

https://doi.org/10.3389/fnut.2025.1617644
https://vizhub.healthdata.org/gbd-results/
https://vizhub.healthdata.org/gbd-results/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Nie et al. 10.3389/fnut.2025.1617644

Acknowledgments

The authors thank all the members of the GBD Collaborative

Network for their efforts in the GBD study 2021.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation

of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.

1617644/full#supplementary-material

References

1. Yan X,Wang X, Zhang J, Ming Z, Zhang C, Ma P, et al. National trends in nine key
minerals intake (quantity and source) among U.S. adults, 1999 to march 2020. Nutr J.
(2024) 23:52. doi: 10.1186/s12937-024-00950-4

2. Wang Y-J, Yeh T-L, Shih M-C, Tu Y-K, Chien K-L. Dietary sodium intake and
risk of cardiovascular disease: a systematic review and dose-response meta-analysis.
Nutrients. (2020) 12:2934. doi: 10.3390/nu12102934

3. Ghimire K, Mishra SR, Satheesh G, Neupane D, Sharma A, Panda R, et al. Salt
intake and salt-reduction strategies in South Asia: from evidence to action. J Clin
Hypertens. (2021) 23:1815–29. doi: 10.1111/jch.14365

4. Jayedi A, Ghomashi F, Zargar MS, Shab-Bidar S. Dietary sodium, sodium-to-
potassium ratio, and risk of stroke: a systematic review and nonlinear dose-response
meta-analysis. Clin Nutr. (2019) 38:1092–100. doi: 10.1016/j.clnu.2018.05.017

5. Wu X, Chen L, Cheng J, Qian J, Fang Z,Wu J. Effect of dietary salt intake on risk of
gastric cancer: a systematic review andmeta-analysis of case-control studies.Nutrients.
(2022) 14:4260. doi: 10.3390/nu14204260

6. Lai JS, Aung YN, Khalid Y, Cheah S-C. Impact of different dietary sodium
reduction strategies on blood pressure: a systematic review. Hypertens Res. (2022)
45:1701–12. doi: 10.1038/s41440-022-00990-5

7. Yang Q, Vernooij RWM, Zhu H, Nesrallah G, Bai C, Wang Q, et al. Impact
of sodium intake on blood pressure, mortality and major cardiovascular events: an
umbrella review of systematic reviews and meta-analyses. Crit Rev Food Sci Nutr.
(2024) 3:1–11. doi: 10.1080/10408398.2024.2434166

8. Liu W, Zhou L, Yin W, Wang J, Zuo X. Global, regional, and national burden of
chronic kidney disease attributable to high sodium intake from 1990 to 2019. Front
Nutr. (2023) 10:1078371. doi: 10.3389/fnut.2023.1078371

9. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk
factors in 204 countries and territories, 1990–2019: a systematic analysis
for the global burden of disease study 2019. Lancet. (2020) 396:1223–
1249. doi: 10.1016/S0140-6736(20)30752-2

10. GBD 2017 Diet Collaborators. Health effects of dietary risks in 195
countries, 1990-2017: a systematic analysis for the global burden of disease
study 2017. Lancet. (2019) 393:1958–1972. doi: 10.1016/S0140-6736(19)3
0041-8

11. Chen X, Du J, Wu X, Cao W, Sun S. Global burden attributable to high
sodium intake from 1990 to 2019. Nutr Metab Cardiovasc Dis. (2021) 31:3314–
21. doi: 10.1016/j.numecd.2021.08.033

12. GBD 2021 Gout Collaborators. Global, regional, and national
burden of gout, 1990–2020, and projections to 2050: a systematic analysis
of the global burden of disease study 2021. Lancet Rheumatol. (2024)
6:e507–e517. doi: 10.1016/S2665-9913(24)00117-6

13. Safiri S, Grieger JA, Ghaffari Jolfayi A, Mousavi SE, Nejadghaderi SA, Fazlollahi
A, et al. Burden of diseases attributable to excess body weight in 204 countries and
territories, 1990-2019. Nutr J. (2025) 24:23. doi: 10.1186/s12937-025-01082-z

14. Zhao J, Xu L, Sun J, Song M, Wang L, Yuan S, et al. Global trends in incidence,
death, burden and risk factors of early-onset cancer from 1990 to 2019. BMJ Oncol.
(2023) 2:e000049. doi: 10.1136/bmjonc-2023-000049

15. Zhang T, Chen H, Yin X, He Q, Man J, Yang X, et al. Changing trends of
disease burden of gastric cancer in China from 1990 to 2019 and its predictions:
findings from global burden of disease study. Chin J Cancer Res. (2021) 33:11–
26. doi: 10.21147/j.issn.1000-9604.2021.01.02

16. Deng J, Zhang H, Wang Y, Liu Q, Du M, Yan W, et al. Global,
regional, and national burden of dengue infection in children and adolescents:
an analysis of the global burden of disease study 2021. EClinicalMedicine. (2024)
78:102943. doi: 10.1016/j.eclinm.2024.102943

17. GBD 2021 Nervous System Disorders Collaborators. Global, regional, and
national burden of disorders affecting the nervous system, 1990–2021: a systematic
analysis for the global burden of disease study 2021. Lancet Neurol. (2024) 23:344–381.

18. World Health Organization. Global report on sodium intake reduction. Geneva
(2023). Available online at: https://www.who.int/publications/i/item/9789240069985
(Accessed May 22, 2025).

19. Li X, Cao X, Guo M, Xie M, Liu X. Trends and risk factors of mortality
and disability adjusted life years for chronic respiratory diseases from 1990 to
2017: systematic analysis for the global burden of disease study 2017. BMJ. (2020)
368:m234. doi: 10.1136/bmj.m234

20. Huh JH, Lim JS, Lee MY, Chung CH, Shin JY. Gender-specific association
between urinary sodium excretion and body composition: analysis of the 2008–
2010 Korean national health and nutrition examination surveys. Metabolism. (2015)
64:837–44. doi: 10.1016/j.metabol.2015.03.010

21. Jeong Y, Kim ES, Lee J, Kim Y. Trends in sodium intake and major contributing
food groups and dishes in Korea: the Korea national health and nutrition examination
survey 2013–2017. Nutr Res Pract. (2021) 15:382–95. doi: 10.4162/nrp.2021.15.3.382

22. Demirci M, Afolabi JM, Kirabo A. Aging and sex differences in salt sensitivity of
blood pressure. Clin Sci. (2025) 139:199–212. doi: 10.1042/CS20240788

23. Poggio R, Gutierrez L, Matta MG, Elorriaga N, Irazola V, Rubinstein A.
Daily sodium consumption and CVD mortality in the general population: systematic
review and meta-analysis of prospective studies. Public Health Nutr. (2015) 18:695–
704. doi: 10.1017/S1368980014000949

24. Strazzullo P, D’Elia L, Kandala N-B, Cappuccio FP. Salt intake, stroke,
and cardiovascular disease: Meta-analysis of prospective studies. BMJ. (2009)
339:b4567. doi: 10.1136/bmj.b4567

25. Milajerdi A, Djafarian K, Shab-Bidar S. Dose-response association of dietary
sodium intake with all-cause and cardiovascular mortality: a systematic review
and meta-analysis of prospective studies. Public Health Nutr. (2019) 22:295–
306. doi: 10.1017/S1368980018002112

26. Weinberger MH. Salt sensitivity of blood pressure in humans. Hypertension.
(1996) 27:481–90. doi: 10.1161/01.HYP.27.3.481

27. Jiang L, Wang A, Yang S, Fang H, Wang Q, Li H, et al. The burden of gastric
cancer attributable to high sodium intake: a longitudinal study from 1990 to 2019 in
China. Nutrients. (2023) 15:5088. doi: 10.3390/nu15245088

28. Tang S, Xu J, Wan P, Jin S, Zhang Y, Xun L, et al. Recent advances in the
role of high-salt diet in anti- and pro-cancer progression. Front Immunol. (2025)
16:1542157. doi: 10.3389/fimmu.2025.1542157

Frontiers inNutrition 10 frontiersin.org

https://doi.org/10.3389/fnut.2025.1617644
https://www.frontiersin.org/articles/10.3389/fnut.2025.1617644/full#supplementary-material
https://doi.org/10.1186/s12937-024-00950-4
https://doi.org/10.3390/nu12102934
https://doi.org/10.1111/jch.14365
https://doi.org/10.1016/j.clnu.2018.05.017
https://doi.org/10.3390/nu14204260
https://doi.org/10.1038/s41440-022-00990-5
https://doi.org/10.1080/10408398.2024.2434166
https://doi.org/10.3389/fnut.2023.1078371
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1016/S0140-6736(19)30041-8
https://doi.org/10.1016/j.numecd.2021.08.033
https://doi.org/10.1016/S2665-9913(24)00117-6
https://doi.org/10.1186/s12937-025-01082-z
https://doi.org/10.1136/bmjonc-2023-000049
https://doi.org/10.21147/j.issn.1000-9604.2021.01.02
https://doi.org/10.1016/j.eclinm.2024.102943
https://www.who.int/publications/i/item/9789240069985
https://doi.org/10.1136/bmj.m234
https://doi.org/10.1016/j.metabol.2015.03.010
https://doi.org/10.4162/nrp.2021.15.3.382
https://doi.org/10.1042/CS20240788
https://doi.org/10.1017/S1368980014000949
https://doi.org/10.1136/bmj.b4567
https://doi.org/10.1017/S1368980018002112
https://doi.org/10.1161/01.HYP.27.3.481
https://doi.org/10.3390/nu15245088
https://doi.org/10.3389/fimmu.2025.1542157
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Nie et al. 10.3389/fnut.2025.1617644

29. Hu G, Jousilahti P, Peltonen M, Lindström J, Tuomilehto J. Urinary sodium and
potassium excretion and the risk of type 2 diabetes: a prospective study in Finland.
Diabetologia. (2005) 48:1477–83. doi: 10.1007/s00125-005-1824-1

30. Abdulai T, Runqi T, Mao Z, Oppong TB, Amponsem-Boateng C, Wang Y,
et al. Preference for high dietary salt intake is associated with undiagnosed type 2
diabetes: the Henan rural cohort. Front Nutr. (2020) 7:537049. doi: 10.3389/fnut.2020.
537049

31. Wei GS, Coady SA, Goff DC, Brancati FL, Levy D, Selvin E, et al. Blood
pressure and the risk of developing diabetes in African Americans and whites:

ARIC, CARDIA, and the framingham heart study. Diabetes Care. (2011) 34:873–
9. doi: 10.2337/dc10-1786

32. Gibson S. Salt intake is related to soft drink consumption in
children and adolescents: A link to obesity? Hypertension. (2008)
51:e55. doi: 10.1161/HYPERTENSIONAHA.108.112763

33. Zou M, Chen Y, Zheng Z, Sheng S, Jia Y, Wang X, et al. High-
salt attenuates the efficacy of dapagliflozin in tubular protection by impairing
fatty acid metabolism in diabetic kidney disease. Front Pharmacol. (2021)
12:741087. doi: 10.3389/fphar.2021.741087

Frontiers inNutrition 11 frontiersin.org

https://doi.org/10.3389/fnut.2025.1617644
https://doi.org/10.1007/s00125-005-1824-1
https://doi.org/10.3389/fnut.2020.537049
https://doi.org/10.2337/dc10-1786
https://doi.org/10.1161/HYPERTENSIONAHA.108.112763
https://doi.org/10.3389/fphar.2021.741087
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Global burden of disease from high-sodium diets, 1990–2021: analysis of GBD 2021 data
	1 Introduction
	2 Materials and methods
	2.1 Data resources and collection
	2.2 Social development index (SDI)
	2.3 Calculation of estimated annual percentage change (EAPC)
	2.4 Bayesian age-period-cohort (BAPC) model
	2.5 Statistical analysis

	3 Results
	3.1 Global level
	3.2 Regional level
	3.3 National level
	3.4 Age and sex patterns
	3.5 The burden of different diseases caused by high-sodium diets
	3.6 Future forecasts of the global burden of high-sodium diets

	4 Discussion
	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References




