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ABSTRACT 8 

Ischemic heart disease (IHD) remains a leading cause of death worldwide, with dietary risks 9 

being its most significant modifiable factor. However, comprehensive studies examining the 10 

global impact of specific dietary components on IHD are notably lacking. Using data from the 11 

Global Burden of Disease Study (GBD) 2023, we estimated the mortality and disability-12 

adjusted life years (DALYs) associated with diet-related IHD across 204 countries and 13 

territories. Our analysis employed a comparative risk assessment approach to quantify the 14 

contribution of various dietary elements to the burden of IHD in populations aged 25 years and 15 

older. Specifically, we assessed the relative impact of 13 nutritional factors—ranging from 16 

fruits, vegetables, and whole grains to omega-6 polyunsaturated fatty acids, red and processed 17 

meats, and sodium—on IHD outcomes. These estimates were further stratified by age, sex, 18 

geographic region, and Socio-demographic Index (SDI) to capture disparities across different 19 

population groups. 20 

In 2023, suboptimal diet was responsible for 4.08 million IHD deaths and 97.62 million IHD 21 

DALYs. The global age-standardized death rate of IHD attributable to suboptimal diet saw a 22 

43.61% (95% uncertainty interval [UI], 33.87-43.61) decrease, while the DALY rate for IHD 23 

attributable to suboptimal diet declined by 39.80% (29.10-50.19) from 1990 to 2023. Despite 24 

these overall improvements, older population presented with disproportionately high burden of 25 

IHD attributable to suboptimal diet, whereas males and females did not show significant 26 

disparities. Among dietary components, low intake of nuts and seed (9.95 [95% UI, 2.85 to 27 

16.87] deaths per 100,000 population), low in whole grains (89.22 [4.73 to 13.54]), low in 28 

fruits (7.32 [1.55 to 13.35]), and high in sodium (7.14 [0.85 to 17.86]) emerged as the most 29 

significant contributors to global diet-related IHD deaths. There were substantial regional 30 

disparities in IHD outcomes, with Australasia showing the greatest reduction in IHD death 31 

attributable to suboptimal diet between 1990 and 2023 (-77.32%) while central sub-Saharan 32 
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Africa did not show significant decrease (13.16%). The burden of diet-related IHD was 33 

particularly pronounced in low- and middle-SDI countries, where age-standardized death rates 34 

reached 61.95 per 100,000 and DALYs rates 1,503.15 per 100,000. Despite global decreases 35 

in diet-related IHD burden, significant age and regional disparities persist, with older 36 

populations experiencing substantially higher mortality rates. The nature of dietary risks varies 37 

substantially across socioeconomic and geographic contexts: while populations in lower-SDI 38 

countries often face challenges related to undernutrition and limited access to protective foods 39 

(ie, whole grains, fruits, vegetables, omega-3 fatty acids), higher-SDI countries are more 40 

commonly burdened by overconsumption of harmful dietary components (ie, processed meats, 41 

sugar-sweetened beverages). By disentangling dietary causes, we identified the portion of the 42 

IHD burden that is directly modifiable and preventable through food interventions. Factoring 43 

in the regional dynamics in diet may optimize implementation of effective, equitable strategies 44 

to lower the global burden of IHD.  45 

 46 

Funding: Gates Foundation 47 

 48 
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INTRODUCTION 52 

Ischemic heart disease (IHD) has remained the leading cause of death globally for more than 53 

decades.1 Despite a modest decline in global age-standardized rates for prevalence and deaths 54 

over the past 30 years, the absolute number of IHD cases has increased in most countries.2 This 55 

trend indicates a growing demand for preventive and therapeutic healthcare interventions. 56 

Among various risk factors that could lead to IHD, a suboptimal diet stands out as one of the 57 

most significant contributors to the disease.3 58 

Although global food production and caloric availability have improved over time, the 59 

public health focus has shifted from food insufficiency to food quality.4 This shift underscores 60 

global concerns about nutritional insecurity and the disease burden associated with poor dietary 61 

patterns.5 However, previous studies have emphasized individual dietary components rather 62 

than comprehensive dietary patterns, and were predominantly conducted in single-country 63 

cohorts, particularly in high-income countries, creating a substantial knowledge gap regarding 64 

dietary patterns in low- and middle-income regions.6-8 Furthermore, the lack of geographically 65 

representative data on dietary consumption has prevented accurate assessment and comparison 66 

of dietary risks across countries or regions, limiting the generalizability of findings.6,9,10  67 

To our knowledge, no previous studies have provided a global overview of regional 68 

and demographic variations in dietary risk factors for IHD. To fill this gap, as part of the Global 69 

Burden of Disease Study (GBD) 2023, we performed a comprehensive assessment of the IHD 70 

burden attributable to suboptimal diet, providing detailed estimates across 204 countries and 71 

evaluating the impact of 13 distinct dietary factors. Our primary objective was to quantify IHD 72 

mortality and disability-adjusted life years (DALYs)-attributable to dietary risks on a global 73 

scale. These findings will help guide the equitable global food resource allocation and 74 

implementation of population-level strategies to reduce global IHD burden. 75 

 76 
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METHODS 77 

Overview  78 

The GBD 2023 offers a comprehensive evaluation of health loss across 375 diseases in 204 79 

countries and territories from 1990 to 2023.11 The study generated key health metrics, including 80 

incidence, prevalence, cause-specific mortality, years of life lost, years lived with disability, 81 

and DALYs. Rates are presented per 100,000 person-years to enable comparisons across 82 

populations. The GBD world population standard was applied to compute age-standardized 83 

rates, thereby accounting for variations in age structure across different populations.12 The 84 

GBD 2023 adheres to the Guidelines for Accurate and Transparent Health Estimates Reporting 85 

(GATHER), thereby ensuring methodological transparency. The complete GATHER checklist 86 

is available in Table S1. The analyses were conducted using Python (version 3.10.4; Python 87 

Software Foundation, Wilmington, DE, USA) and R (version 4.2.1; R Foundation, Vienna, 88 

Austria). Additional methodological details are provided in the Supplementary Methods. This 89 

manuscript was produced as part of the GBD Collaborator Network and in accordance with the 90 

GBD Protocol.13 91 

 92 

Case definition  93 

IHD and its associated health states were identified using standardized case definitions based 94 

on the International Classification of Diseases (ICD), specifically versions 9 (ICD-9) and 10 95 

(ICD-10). GBD study conceptualized IHD as an aggregate of discrete sequelae, encompassing 96 

myocardial infarction (MI), stable angina (manifesting as chest pain), and ischemic 97 

cardiomyopathy (heart failure resulting from IHD).1,11 For the GBD 2023 iteration, the study 98 

modeled both the prevalence and incidence of acute MI, as well as the prevalence of chronic 99 

IHD. Acute MI was defined in accordance with the fourth universal definition of myocardial 100 
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infarction, incorporating both definite and possible cases, and was adjusted to include out-of-101 

hospital sudden cardiac death. Stable angina was operationalized based on the Rose Angina 102 

Questionnaire, physician diagnosis, or the use of nitrate medication for chest pain alleviation. 103 

Ischemic cardiomyopathy was defined as heart failure resulting from reduced blood supply to 104 

the myocardium, typically due to coronary artery disease.1,11 Detailed case definitions for each 105 

condition are elucidated in the Table S2 and Supplementary Methods.   106 

  107 

Data sources for IHD estimates  108 

Mortality estimation was conducted utilizing vital registration data coded according to the  109 

ICD-9 and ICD-10, to ensure consistency in disease classification, and verbal autopsy data 110 

obtained from household mortality surveys.1 To ensure data quality, several data sources that 111 

did not meet methodological standards or exhibited implausible trends were excluded from the 112 

analysis. For non-fatal IHD, incidence and prevalence were derived from a comprehensive 113 

array of population-representative data sources.11 These sources were identified through 114 

systematic literature reviews and collaborative research efforts, encompassing scientific reports 115 

from cohorts and registries, population-based surveys, microdata from registry and cohort 116 

studies, and health system administrative records.11 The methodological approach for the 117 

systematic review process and the total number of data sources utilized for IHD estimation are 118 

delineated in detail within the Supplementary Methods.1,11 119 

 120 

IHD estimation and modeling strategy 121 

Fatal outcomes (mortality and YLL) were modeled using advanced statistical methodologies 122 

to enhance the comparability of mortality data sources. These techniques included the 123 

reclassification of nonspecific or unspecified codes, application of noise reduction algorithms, 124 
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and utilization of Bayesian geospatial regression software, specifically the Cause of Death 125 

Ensemble model (CODem).1 CODem incorporated location-specific covariates to generate 126 

smoothed time trends for 204 countries and territories, leveraging across age, space, and time 127 

dimensions.1,14 The specific covariates integrated into the ensemble modeling process are 128 

detailed in the Supplementary Methods and Table S3, along with updates regarding the 129 

redistribution of deaths.1 130 

Non-fatal outcomes (prevalence, incidence, and years of healthy life lost due to 131 

disability) were modeled using different methodologies tailored to estimate disease burden. A 132 

wide array of population-representative data sources was utilized, and disease estimates were 133 

generated using the epidemiologic state-transition disease modeling software, DisMod-MR 2.1, 134 

developed by the Institute for Health Metrics and Evaluation.11 DisMod-MR 2.1 is well-suited 135 

for handling sparse and heterogeneous data, enabling more accurate and reliable estimates 136 

across various populations and time periods.11 Additionally, Bayesian meta-regression software, 137 

meta-regression—Bayesian, regularized, trimmed (MR-BRT), also from the Institute for 138 

Health Metrics and Evaluation, was employed to adjust for study-level variations in 139 

measurement methods and case definitions.11 The Fisher scoring correction was used to refine 140 

heterogeneity parameters in data-sparse scenarios. Comprehensive modeling methodologies 141 

are thoroughly documented in the Supplementary Methods. 142 

 143 

IHD burden of dietary risks  144 

Among GBD selection criteria for risk factors, 13 dietary risk factors were identified as 145 

contributors to IHD burden. These factors include diets low in fruits, vegetables, whole grains, 146 

nuts and seeds, fiber, seafood omega-3 fatty acids, omega-6 polyunsaturated fatty acids, and 147 

legumes; and diets high in red meat, processed meat, sugar-sweetened beverages, trans fatty 148 



8 

acids, and sodium (Table S4). Detailed information on dietary data and data processing 149 

methods is presented in the Table S5 and Figure S1. Diet-related IHD was defined as IHD 150 

burden attributable to suboptimal dietary intake, quantified using population-attributable 151 

fractions (PAFs). Specifically, we combined detailed dietary exposure data at the population 152 

level—derived from representative survey and surveillance data, and refined using 153 

spatiotemporal Gaussian process regression models (ST-GPR)—with relative risk estimates 154 

systematically obtained via Bayesian meta-regression (MR-BRT), accounting for study 155 

heterogeneity, publication bias, and study quality (Tables S6-S21).15 This approach ensures 156 

robust estimation of diet-attributable IHD by comparing observed dietary exposure levels with 157 

theoretical minimum risk exposure levels (TMRELs), representing the counterfactual exposure 158 

levels of minimal health risk. TMREL values for dietary risks were determined through 159 

comprehensive evaluations of epidemiological and clinical evidence. PAFs were stratified by 160 

age, sex, country, and year to enable detailed demographic analyses.3,15 Mediation factors were 161 

incorporated to adjust for interdependencies among dietary risk factors, thereby avoiding the 162 

overestimation of PAFs and isolating the direct effects of each dietary risk. The attributable 163 

number of deaths and DALYs for each dietary risk factor was subsequently calculated by the 164 

multiplying PAFs by total IHD deaths and DALYs.3,15 165 

Countries were contextualized along the development spectrum through the utilization 166 

of the Socio-demographic Index (SDI).3,15 SDI is categorized into five levels: low, low-middle, 167 

middle, high-middle, and high SDI, reflecting varying levels of development. Detailed 168 

definition of the SDI levels was described in Supplementary Methods. These levels were used 169 

throughout the Results section to highlight disparities across different demographic groups. 170 

 171 

Estimating uncertainty 172 
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The estimation process systematically incorporated uncertainty at each stage through random 173 

sampling from the distribution of possible values for each estimate. A total of 250 draws were 174 

used for this process, ensuring robust statistical representation of uncertainty.11 In the 175 

aggregation of results across various categories, such as geographical regions or age groups, 176 

each sample was treated as an independent entity.1,11 The final uncertainty intervals (UIs) for 177 

each result were determined by calculating the 2.5th and 97.5th percentiles of the distribution 178 

of draws.11,16  179 

 180 

Role of the funding source 181 

The funding entity for this research maintained strict non-involvement in all aspects of the 182 

study. This includes the conceptualization and design of the research, data collection processes, 183 

analytical procedures, interpretation of results, and the composition of the report.   184 
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RESULTS 185 

The overall impact of diet on IHD 186 

In 2023, dietary risks were globally responsible for 4.08 million (95% UI, 0.79 to 6.16) IHD 187 

deaths and 97.62 million (18.87 to 142.01) DALYs (Tables S22-S35). Compared to 1990, the 188 

number of global diet-related IHD deaths increased by 42.58% (95% UI, 14.99 to 67.16) in 189 

2023. However, the age-standardized death rate decreased by 43.61% (95% UI, 33.87 to 43.61) 190 

from 80.42 (14.58 to 121.56) per 100,000 population in 1990 to 45.35 (8.86 to 68.60) in 2023. 191 

Similarly, the number of global diet-related IHD DALYs increased by 37.16% (95% UI, 9.84 192 

to 62.42) in 2023. The age-standardized DALY rate decreased by 39.80% (95% UI, 29.10 to 193 

50.19) from 1789.55 (308.25 to 2571.62) per 100,000 population in 1990 to 1077.30 (208.07 194 

to 1564.26) in 2023 (Tables S36-38).  195 

In 2023, significant geographical disparities in diet-related IHD burden were observed 196 

across the 21 GBD regions (Figure 1). Central Asia exhibited the highest age-standardized 197 

rates of diet-related IHD deaths (124.83 [95% UI, 1.75 to 197.08] deaths per 100,000 198 

population), while Oceania presented the highest age-standardized rates of DALYs (2917.78 199 

[406.45 to 4328.53] DALYs per 100,000 population) among adults aged 25 years and older. 200 

High-income Asia Pacific region reported the lowest rates (12.20 [95% UI, 4.93 to 18.05] 201 

deaths per 100,000 population and 295.95 [134.13 to 412.38] DALYs per 100,000 population). 202 

Detailed age-standardized death and DALY rates of diet-related IHD at the country level are 203 

available in Table S39.  204 

 205 

Burden of IHD attributable to dietary risks according to age and sex  206 

The burden of diet-related IHD was broadly comparable between sexes across all age groups. 207 
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Although males consistently exhibited higher point estimates from 1990 to 2023, these 208 

differences were not statistically significant. For males, the age-standardized rates of diet-209 

related IHD deaths decreased by 40.34% (95% UI, 28.65 to 51.80) from 98.23 (21.28 to 146.41) 210 

in 1990 to 58.60 (13.02 to 88.77) in 2023. Similarly, for females, the age-standardized death 211 

rates decreased by 48.21% (95% UI, 37.10 to 59.77) from 64.964 (9.379 to 101.465) in 1990 212 

to 33.642 (5.190 to 53.563) in 2023. Similar patterns were observed for diet-related IHD 213 

DALYs (Tables S37 and S38).   214 

Among age groups older than 25 years, the older groups had a higher burden of diet-215 

related IHD (Tables S40-S42). In 2023, the age group between 25-29 years had the lowest rate 216 

of IHD deaths (3.40 [95% UI, 0.30 to 5.08] per 100,000 population), while the age group over 217 

95 years had the highest death rates (1895.84 [439.18 to 3259.98]). Diet-related IHD death 218 

rates were higher in age groups over 65 years (65-69 years, 160.12 [95% UI, 30.54 to 243.69] 219 

per 100,000 population; 70-74 years, 212.77 [36.84 to 328.9]; 75-79 years, 305.31 [66.14 to 220 

482.06]; 80-84 years, 513.54 [116.74 to 822.82]; 85-89 years, 866.66 [192.58 to 1397.65]; 90-221 

94 years, 1379.36 [315.50 to 2261.52]) compared to age groups under 45 years (25-29 years, 222 

3.404 [0.30 to 5.08]; 30-34 years, 6.74 [0.61 to 10.12]; 35-39 years, 11.18 [1.31 to 15.77]; 40-223 

44 years, 20.86 [1.84 to 28.85]). 224 

 225 

Impact of individual components of diet on deaths and DALYs 226 

Globally, most of the diet-related age-standardized death rates were attributable to 4 diet factors: 227 

low in nuts and seed (9.95 [95% UI, 2.85 to 16.87] deaths per 100,000 population), low in 228 

whole grains (9.22 [4.73 to 13.54]), low in fruits (7.32 [1.55 to 13.35]), and high in sodium 229 

(7.14 [0.85 to 17.86]). For DALY rate, diets low in nuts and seeds (252.31 [95% UI, 74.66 to 230 

428.33] DALYs per 100,000 population), low in whole grain (230.92 [124.94 to 341.88]), and 231 



12 

low in fruits (198.58 [46.01 to 351.18]) were the leading causes.  232 

The burden of each component responsible for diet-related IHD varied across 21 233 

regions (Figure 3). Compared to the global average burden, certain regions exhibited 234 

specifically higher or lower burdens for each individual component, despite similar rankings. 235 

Regions such as central Asia, eastern Europe, north Africa and Middle East, south Asia, and 236 

Oceania displayed overall higher age-standardized rates of deaths and DALYs for each 237 

component compared to other regions. Conversely, western Europe, Australasia and high-238 

income Asia Pacific showed lower overall burdens. 239 

Specific dietary components showed significant regional variations. For instance, 240 

although a diet low in seafood omega-3 fatty acids ranked as a high-risk factor in most regions, 241 

high-income Asia Pacific had the lowest IHD death burden related to this component compared 242 

to other ingredients (0.11 [95% UI, 0.01 to 0.39]). While a diet low in vegetables was 243 

responsible for only a small portion of IHD death burden in most regions, ranking 10 out of 13 244 

globally, it had a higher proportion in certain regions, ranking 1 out of 13 (9.18 [95% UI, 4.12 245 

to 15.39] deaths per 100,000 population) in central sub-Saharan Africa and 3 out of 13 (18.82 246 

[8.31 to 30.25]) in Oceania. The detailed distribution of each individual component and its 247 

impact are illustrated in Figure 4 and Tables S23-S35. Additional analyses on the exposure 248 

levels of individual dietary factors and their contribution to IHD burden are presented in 249 

Figures S2 and S3. 250 

 251 

Percent change of individual components  252 

Figure 4 illustrates the impact of individual dietary components on deaths and DALYs. The 253 

percent change (PC) in the burden of diet-related IHD burden from 1990 to 2023 varied 254 
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significantly across 21 GBD regions. While the global PC showed a 43.61% decrease in diet-255 

related IHD deaths, and most regions experienced a decline, certain areas did not exhibit 256 

significant changes during this period. These regions include southeast Asia (-22.21% PC), 257 

western sub-Saharan Africa (-15.95% PC), south Asia (-12.65% PC), Oceania (10.22% PC), 258 

eastern sub-Saharan Africa (12.41% PC), and central sub-Saharan Africa (13.16% PC). The 259 

most substantial decreases in diet-related IHD deaths from 1990 to 2023 were observed in 260 

Australasia (-77.32% PC), western Europe (-69.79% PC), and high-income north America (-261 

64.34% PC). Diet-related IHD DALYs followed similar patterns. 262 

The impact of individual dietary components on these changes varied significantly 263 

(Tables S23-S35). For diet-related IHD deaths, among the 13 components analyzed, diets high 264 

in sugar-sweetened beverages (-18.81% PC) and sodium (-33.35% PC) showed lowest 265 

reductions, while diets high in trans fatty acids (-58.94% PC) and processed meat (-61.85% PC) 266 

exhibited the greatest reductions. In regions with less significant decreases between 1990 and 267 

2023, PC for IHD deaths attributable to sugar-sweetened beverages were commonly high (East 268 

Asia, 359.53% PC; Western Sub-Saharan Africa, 314.17% PC; Southeast Asia, 178.48% PC; 269 

South Asia, 94.50% PC; Eastern Sub-Saharan Africa, 63.15% PC; Southern Sub-Saharan 270 

Africa, 11.35% PC). The IHD death burden related to diets high in processed meat also 271 

increased significantly in these regions (East Asia, 83.43% PC; Southeast Asia, 48.02% PC). 272 

Various regions showed substantial decreasing trends in IHD death burden related to diets high 273 

in trans fatty acids between 1990 and 2023 (High-income North America, -100.00% PC; 274 

Western Europe, -94.64% PC; Southern Sub-Saharan Africa, -87.96% PC; Central Europe, -275 

87.58% PC; Eastern Europe, -51.83% PC; Western Europe, -94.64% PC). Similar patterns were 276 

observed for diet-related IHD DALYs. 277 

 278 



14 

Burden of IHD attributable to dietary risks across SDI levels 279 

Figure 5 shows the burden of IHD attributable to individual dietary components across 280 

different SDI levels. In 2023, the highest age-standardized rates of all diet-related deaths and 281 

DALYs were observed in low-middle SDI countries (61.95 [95% UI, 7.80 to 96,32] deaths per 282 

100,000 population and 1503.15 [181.55 to 2252.02] DALYs per 100,100 population). The 283 

lowest rates were found in high SDI countries (36.15 [95% UI, 9.42 to 54.15] deaths per 284 

100,000 population and 812.19 [228.60 to 1163.99] DALYs per 100,100 population). However, 285 

the differences were not statistically significant. Countries with higher SDI experienced 286 

significant reductions in age-standardized rates of diet-related deaths and DALYs between 287 

1990 and 2023 (High SDI, -57.40% PC of death rate and -55.50% PC of DALY rate; High-288 

middle SDI, -37.54% PC of death rate and -38.73% PC of DALY rate). By contrast, low and 289 

low-middle SDI countries did not show significant reductions in the IHD burden.  290 

Higher age-standardized rates of IHD death attributable to diets deficient in certain 291 

components were observed in countries with lower SDI. For instance, diet low in seafood 292 

omega-3 fatty acids (low SDI, 9.95 deaths per 100,000 population; low-middle SDI, 12.34; 293 

high-middle SDI, 5.60; high SDI, 3.67), diet low in fiber (low SDI, 6.99; low-middle SDI, 5.67; 294 

high-middle SDI, 2.78; high SDI, 2.45), diet low in fruits (low SDI, 13.06; low-middle SDI, 295 

13.30; high-middle SDI, 7.54; high SDI, 4.58), and diet low in vegetables (low SDI, 6.91; low-296 

middle SDI, 5.24; high-middle SDI, 2.27; high SDI, 1.82). However, countries with higher SDI 297 

had higher IHD death related to diet excessive in certain component such as high in red meat  298 

(low SDI, 0.15; low-middle SDI, 0.48; high-middle SDI, 1.91; high SDI, 2.80) and high in 299 

sugar-sweetened beverages (low SDI, 0.21; low-middle SDI, 0.46; high-middle SDI, 0.73; high 300 

SDI, 0.95). 301 

  302 
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DISCUSSION 303 

Key findings   304 

This comprehensive study evaluates the global, regional, and national burden of IHD 305 

attributable to dietary risks across 204 countries, providing an extensive overview of how 306 

suboptimal diet patterns impact population-level IHD based on GBD 2023 estimates. While 307 

the absolute number of diet-related IHD cases has increased, age-standardized rates have 308 

decreased, suggesting population growth and health improvements. Subgroup analysis 309 

revealed significant variations in diet-related IHD burden across demographic groups. Males 310 

showed higher diet-related IHD burden across all age groups without statistical significance. 311 

Individuals over 65 years had significantly higher death rates than those under 45. Most regions 312 

showed a decline in IHD burden from suboptimal diet over time, except southeast Asia, sub-313 

Saharan Africa, Oceania, and South Asia. Globally, diets low in nuts and seeds, whole grains, 314 

fruits, and high in sodium were the major contributors for diet-related IHD burden. From 1990 315 

to 2023, IHD burden related to high consumption of sugar-sweetened beverages and sodium 316 

showed minimal improvements, while that of trans fatty acids and processed meat decreased 317 

substantially. The highest burden of diet-related IHD was observed in low-middle SDI 318 

countries, which had prominent burden due to inadequate intake of protective dietary 319 

components. In contrast, higher SDI countries exhibited a notable trend of IHD burden 320 

resulting from excessive consumption of potentially harmful dietary factors. These findings 321 

highlight significant disparities in the pattern of diet-related IHD burden across regions and 322 

demographics, emphasizing the need for comprehensive and targeted interventions by regional 323 

diet patterns. 324 

 325 

Comparison with previous studies 326 
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Previous observational studies have suggested various associations between dietary 327 

components and cardiovascular disease outcomes. Al-Shaar et al. reported that red meat 328 

consumption increases coronary heart disease risk by approximately 10-15% per daily serving 329 

increment.6 Similarly, Aune et al. identified that whole grain consumption decreases 330 

cardiovascular disease risk by 19%.8 Additional research found that fruit and vegetable intake 331 

was associated with a 4% reduction in cardiovascular mortality,17 whereas sugar-sweetened 332 

beverages corresponded to a 9% increase in cardiovascular disease incidence.7 Furthermore, 333 

one recent study developed a dietary scoring system based on beneficial components versus 334 

potentially harmful ones, revealing that higher scores associated with a 19% decrease in 335 

coronary heart disease risk.18 Several prior studies have investigated the relationship between 336 

dietary risks and IHD using GBD 2019 modeling approaches.19-22 While these studies identified 337 

important associations between each ingredient and heart disease risk, our study advances 338 

current knowledge in three critical ways. First, by setting the dietary TMREL where IHD risk 339 

is minimized, this study provided actionable targets beyond simply indicating directional 340 

relationships. Second, we quantified the IHD burden attributable to suboptimal intake of 13 341 

dietary components, providing priority dietary components for intervention. Third, our study 342 

systematically quantified the global burden of IHD attributable to suboptimal diet using the 343 

standardized GBD methodology. This approach ensures direct comparability of estimates 344 

across regions and populations, addressing a key limitation of prior single-country or region-345 

specific analyses. By leveraging the updated GBD 2023 modeling framework, our study offers 346 

a precise assessment of dietary risks for IHD. The insights derived from this refined 347 

methodology may provide guidance for region-specific dietary guidelines and intervention 348 

strategies. 349 

 350 
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Possible explanation  351 

From 1990 to 2023, the diet-related age-standardized death and DALY rates for IHD have 352 

decreased. However, dietary risk remains a primary risk factor responsible for IHD. IHD 353 

accounts for the highest burden of premature mortality among non-communicable diseases.11 354 

In response to this persistent challenge, various interventions have been implemented to reduce 355 

its prevalence.23 Dietary factors have been considered an optimal target for public health 356 

intervention due to their modifiable nature.24 Additionally, a range of policy interventions such 357 

as mass media campaigns, food labeling regulations, economic measures like subsidies and 358 

taxation, and school food procurement policies have been enacted to address this issue.25 359 

Despite ongoing efforts and a declining trend, IHD continued to pose a major public health 360 

burden, with an estimated 4.1 million deaths attributable to dietary risk factors in 2023. 361 

The burden of diet-related IHD showed pronounced disparities across different SDI 362 

levels, with lower SDI countries experiencing less decrease compared to higher SDI countries. 363 

This disparity could be attributed to several factors. First, the disparities in dietary quality are 364 

often associated with income, ethnicity, and education.5 Previous studies reported that low-365 

income families, often from minority populations with limited education access, were more 366 

susceptible to suboptimal and unbalanced diets.26,27 Economic barriers in lower SDI countries 367 

contribute to nutrition insecurity, as healthy and fresh foods are generally more expensive than 368 

energy-dense, nutrient-poor alternatives.28 Structural barriers, such as the limited availability 369 

of healthy food options in certain regions, further exacerbate the problem by making it easier 370 

for residents to choose processed or fast food.29 Lack of nutritional education can lead to diets 371 

high in sodium, processed foods, and added sugars, making individuals more vulnerable to 372 

unhealthy food marketing.30 Global issues, including food supply chain disruptions, economic 373 

crises, civil conflicts, and climate change, have disproportionally influenced on the availability 374 
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and affordability of nutrient-rich foods, particularly in low SDI countries.31,32  375 

Lower SDI countries experienced higher IHD burden related to insufficient 376 

consumption of nutritious diets. However, higher SDI countries face health challenges from 377 

excessive intake of sweetened foods associated with increased cardiovascular risks. Food and 378 

nutrition insecurity in low SDI countries may explain their higher burden of diets deficient in 379 

healthy components such as vegetables, fruits, fibers, nuts and seeds. This is consistent with 380 

previous research on dietary patterns in low-income countries of South Asia and Sub-Saharan 381 

Africa.33 While these regions show low consumption of harmful components like sugar-382 

sweetened beverages and processed meat, insufficient intake of beneficial foods such as 383 

seafood, vegetables, and fruits seems to negate these benefits, contributing to an overall 384 

increase in IHD burden. By contrast, high SDI countries exhibit a different dietary pattern as 385 

they consume excessive amounts of both nutritious and less healthy components.33 This dietary 386 

pattern partially explains the differences in diet-related IHD across countries with varying SDI 387 

levels.  388 

A concerning trend is emerging in low SDI countries as they undergo urbanization and 389 

industrialization. Their diets are shifting to resemble those of higher SDI countries, adopting 390 

more Westernized diet patterns.34 This transition is characterized by increased consumption of 391 

processed foods, particularly processed meats and sugar-sweetened beverages.35 Our findings 392 

show that the burden of deaths and DALYs from these foods in low SDI countries is growing, 393 

though the absolute burden remains lower than in high SDI countries. While consumption of 394 

sugar-sweetened beverages is declining in many high SDI countries, it is increasing in low-SDI 395 

countries, likely due to greater availability as economies develop.36,37 Higher consumption of 396 

sugar-sweetened beverages shows a dose-dependent relationship with cardiovascular diseases, 397 

primarily through increased body weight and metabolic syndrome risk.29 The shift towards 398 
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Westernized diets in developing countries has led to increased consumption of red meat, 399 

particularly processed meat. Studies have shown that processed meat is associated with a higher 400 

risk of overall mortality compared to unprocessed meat.38 The affordability and convenience 401 

of processed meat have contributed to its increased consumption in developing countries.39 402 

Although these components currently constitute a small proportion of the overall dietary 403 

burden in lower SDI countries, they present a growing health concern.  404 

Our findings indicate that individuals aged 75 and older experienced the highest burden of IHD 405 

attributable to dietary risk. This finding likely reflected a cumulative effects of lifelong dietary 406 

habits and age-related physiological changes that may interact synergistically to increase 407 

cardiovascular risk.40 Moreover, older individuals with mobility limitations and inadequate 408 

social support are particularly at risk for both social isolation and malnutrition, as they may 409 

face challenges in accessing and preparing foods.5 Additionally, there were no statistically 410 

significant sex differences in the burden of diet-related IHD, as the UI for males and females 411 

overlapped. Although previous studies attempted to explain the observed disparity of diet-412 

related mortality between sexes through differences in dietary patterns and sociodemographic 413 

characteristics,41 the limited number of studies directly examining sex-specific effects of 414 

dietary factors on cardiovascular outcomes suggests these findings warrant cautious 415 

interpretation and highlights the need for additional research. 416 

 417 

Clinical and policy implications  418 

Dietary risks, being modifiable and strongly linked to noncommunicable diseases, require 419 

comprehensive policy approaches. Our findings show that diets low in nuts and seeds, whole 420 

grains, fruits, and high in sodium remain the primary risk factors responsible for diet-related 421 

IHD. This contrasts with previous global actions that focused mainly on reducing sodium, sugar, 422 
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and fat consumption.42,43 Our findings corroborate previous study, which has shown that 423 

simultaneously decreasing total meat consumption and increasing the intake of healthy foods 424 

can more effectively lower mortality risk.38 This implies that while reduction of unhealthy 425 

dietary components remains important, enhancing the intake of protective nutritional elements 426 

is of comparable significance. 427 

 Although food labeling and nutritional education initiatives have been widely 428 

implemented, population-based strategies may offer greater effectiveness than approaches that 429 

rely solely on individual choices.44,45 Historically, global actions have prioritized food 430 

availability; however, our findings underscore the critical importance of nutrition security. 431 

Notably, even in high-income countries, there remains a substantial burden of IHD linked to 432 

diets low in whole grains, seafood, and legumes, highlighting persistent challenges in achieving 433 

nutrition security. As such, a comprehensive improvement in food systems is warranted, 434 

including sustainable farming, fair trade policies, and efficient distribution systems, to enhance 435 

the supply and accessibility of nutritious foods.46  436 

 Additionally, focusing on overall dietary pattern, exemplified by the Mediterranean 437 

diet, has gained significant attention in cardiovascular disease prevention. This diet, rich in 438 

whole grains, fruits, vegetables, nuts, legumes, and unsaturated fats,47 has shown its 439 

effectiveness comparable to established cardiovascular interventions such as aspirin, statins, 440 

and physical activity.47 Recent research has shown that the Mediterranean diet surpasses low-441 

fat diets in preventing major cardiovascular events,48 emphasizing that balanced, diverse 442 

dietary patterns are more crucial than simply manipulating individual components.  443 

 444 

Strengths and limitations 445 

This study offers an comprehensive analysis of diet-related IHD burden across global regions, 446 

utilizing the GBD 2023 data. However, our study has several limitations. First, the reliance on 447 
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GBD dataset estimates introduces potential inherent biases. Given the difficulties in directly 448 

measuring dietary factor exposure across all 204 countries, the GBD study utilized data from 449 

countries with available information to estimate missing data for others through its modeling 450 

processes. Second, quantification of dietary risk factors' impact on health outcomes relies 451 

heavily on meta-analyses of prospective observational studies. These studies have inherent 452 

limitations in their ability to establish causality. Despite efforts to control for known 453 

confounders like age, sex, smoking status, and physical activity levels, the intricate 454 

relationships between dietary patterns and various lifestyle factors can have bias due to residual 455 

confounding factors.3 Third, the focus of many cohort studies on harmful dietary factors may 456 

lead to an overestimation of their impact, as real-world consumption often includes offsetting 457 

healthy components. The complexity of dietary patterns, combining various healthy and 458 

unhealthy factors, complicates the accurate estimation of overall dietary risk impact on IHD. 459 

Fourth, while we provided a comprehensive analysis of IHD burden attributable to suboptimal 460 

diet across 204 countries, subnational disparities may exist based on residential location (urban 461 

versus rural), socioeconomic status, and educational attainment.49 Previous research has 462 

indicated that suboptimal dietary patterns are more prevalent among urban residents, 463 

individuals with lower educational attainment, and those of lower socioeconomic status.45 464 

Although this study examines diet-related IHD burden stratified by country-level SDI, these 465 

potential within-country variations should be considered when interpreting the results. Future 466 

studies investigating these subnational disparities would provide valuable insights for more 467 

targeted public health interventions. Fifth, although previous studies have suggested that 468 

genetic factors may influence the relationship between healthy diets and cardiovascular 469 

disease,50 genetic data was not incorporated in modeling, as they are not included in the current 470 

GBD framework.   471 
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Conclusion 472 

While the number of diet-related IHD case has increased, age-standardized rates have declined, 473 

indicating population growth and health improvements. The older populations had a higher 474 

IHD burden attributable to suboptimal diet compared to younger populations. Among 475 

individual dietary factors, insufficient intake of nuts and seeds, whole grains, fruits, and high 476 

in sodium contributed substantially to the IHD burden. Lower SDI countries faced higher 477 

burdens related to inadequate consumption of healthy dietary components, while higher SDI 478 

countries had relatively higher burdens related to excessive intake of harmful dietary factors. 479 

By disentangling dietary causes, we identified the portion of the IHD burden that is directly 480 

modifiable and preventable through food interventions.  481 

  482 
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Figure 1. Age-standardized death and DALY rates of ischemic heart diseases attributed to dietary risks per 100 000 population in 1990 671 

and 2023 for both sexes. (A) Death rate in 1990, (B) death rate in 2023, (C) DALY rate in 1990, and (D) DALY rate in 2023. 672 

673 
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Figure 2. Death and DALY rates of ischemic heart diseases attributed to each dietary risk 674 

per 100 000 population in 2023. (A) death rate in females, (B) death rate in males, (C) DALY 675 

rate in females, and (D) DALY rate in males. 676 

 677 

678 
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Figure 3. Ischemic heart diseases attributed to each dietary risk ranked by age-679 

standardized death (A) and DALY (B) rates, globally and by super-region, for both sexes 680 

in 2023. 681 
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Figure 4. Percent change of age-standardized rate of ischemic heart diseases attributed to each dietary risk between 1990-2023 and age-682 

standardized proportions of ischemic heart diseases attributed to individual dietary risks at global and regional levels in 2023. (A) Age-683 

standardized death percent change, (B) age-standardized death proportions, (C) age-standardized DALYs percent change, and (D) age-684 

standardized DALYs proportions 685 

 686 
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Figure 5. Age-standardized death (A) and DALY (B) rate (per 100,000 population) of ischemic heart diseases attributed to each dietary 688 

risk for both sexes, by socio-demographic index, 2023.  689 


