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Key questions

What is already known?
►► Diet is a key modifiable risk factor for cardiometa-
bolic disease, which causes enormous morbidity and 
mortality worldwide.

►► Comprehensive and interpretable evidence is crit-
ical to the informed development of dietary policy 
and intervention to combat global cardiometabolic 
burdens.

►► Numerous dietary and global health indices exist; 
however, none simultaneously links quantitative 
information on multiple dietary components and 
health in a single comprehensive metric for effi-
cient use by policymakers in cross-population global 
comparisons.

What are the new findings?
►► Here we report development and application of the 
International Diet-Health Index (IDHI), which simulta-
neously encompasses data on multiple dietary ex-
posures, their health effects and population disease 
profiles in a single metric.

►► Calculation of IDHI across 186 countries worldwide 
indicates a net adverse cardiometabolic impact from 
diet worldwide, with significant demographic and 
geographic variations.

What do the new findings imply?
►► The IDHI highlights the progress of the nutrition tran-
sition across the world and emphasises its impact on 
middle-income countries and younger populations, 
indicating key targets for policymakers.

►► The IDHI presents a novel and useful means for glob-
al policymakers to evaluate cardiometabolic impacts 
of diet at the country and regional levels, by age and 
sex, to develop appropriately targeted interventions 
to limit consumption of dietary factors that increase 
cardiometabolic risk and to promote consumption of 
foods and nutrients that reduce cardiometabolic risk, 
given a country’s demographic and disease profile.

►► As additional data become available, the IDHI has 
a sufficiently flexible functional form so that it can 
further be extended to incorporate relationships be-
tween diet and undernutrition to effectively measure 
double burdens of disease, making it particularly rel-
evant to policymakers in middle-income countries.

Abstract
Introduction  Diet is a major modifiable risk factor for 
cardiometabolic disease; however, interpretable measures 
capturing impacts of overall diet on health that can be easily 
used by policymakers at the global/national levels are not 
readily available.
Methods  We developed the International Diet-Health Index 
(IDHI) to measure health impacts of dietary intake across 
186 countries in 2010, using age-specific and sex-specific 
data on country-level dietary intake, effects of dietary 
factors on cardiometabolic diseases and country-specific 
cardiometabolic disease profiles. The index encompasses 
the impact of 11 foods/nutrients on 12 cardiometabolic 
diseases, the mediation of health effects of specific dietary 
intakes through blood pressure and body mass index and 
background disease prevalence in each country–age–sex 
group. We decomposed the index into IDHI

beneficial for risk-
reducing factors, and IDHIadverse for risk-increasing factors. 
The flexible functional form of the IDHI allows inclusion 
of additional risk factors and diseases as data become 
available.
Results  By sex, women experienced smaller detrimental 
cardiometabolic effects of diet than men: (females IDHI

adverse 
range: −0.480 (5th percentile, 95th percentile: −0.932, 
–0.300) to −0.314 (−0.543, –0.213); males IDHIadverse range: 
(−0.617 (−1.054, –0.384) to −0.346 (−0.624, –0.222)). By 
age, middle-aged adults had highest IDHIbeneficial (females: 
0.392 (0.235, 0.763); males: 0.415 (0.243, 0.949)) and 
younger adults had most extreme IDHIadverse (females: 
−0.480 (−0.932, –0.300); males: −0.617 (−1.054, 
–0.384)). Regionally, Central Latin America had the lowest 
IDHI

overall (−0.466 (−0.892, –0.159)), while Southeast Asia 
had the highest IDHIoverall (0.272 (−0.224, 0.903)). IDHIoverall 
was highest in low-income countries and lowest in upper 
middle-income countries (−0.039 (−0.317, 0.227) and 
−0.146 (−0.605, 0.303), respectively). Among 186 countries, 
Honduras had lowest IDHI

overall (−0.721 (−0.916, –0.207)), 
while Malaysia had highest IDHIoverall (0.904 (0.435, 1.190)).
Conclusion  IDHI encompasses dietary intakes, health effects 
and country disease profiles into a single index, allowing 
policymakers a useful means of assessing/comparing health 
impacts of diet quality between populations.

Introduction
Cardiometabolic disease, including cardio-
vascular disease (CVD) and diabetes, is the 
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largest cause of death and disability worldwide, resulting 
in 33% of deaths globally in 2016.1 2 Diet is a key modi-
fiable risk factor for cardiometabolic disease, and 
assessing population-wide impacts of diet as a whole on 
health is critical to developing strategies to curb signif-
icant cardiometabolic burdens; however, diet is a multi-
factorial component of lifestyle with complex effects on 
multiple disease pathways.3 Development of a standard 
global index linking diet and disease, while taking into 
consideration the differing distributions of disease across 
populations, can generate a useful and interpretable tool 
for global and regional policymakers to assess the health 
effects of diet efficiently and effectively.

Numerous diet quality indices currently exist, but none 
explicitly identify which disease outcomes are affected by 
intake of each food and cannot be generalised beyond 
particular populations, specific outcomes and target 
dietary patterns. The Healthy Eating Index (HEI) 
assesses individual adherence to the American Dietary 
Guidelines4; the Alternative Healthy Eating Index 
(AHEI) focuses on a specific dietary pattern that consid-
ered protective against chronic diseases5; the Mediter-
ranean Diet Score (MDS)6 7 and its modifications8–11 
indicate compliance to Mediterranean diet, but gener-
alisability and application to global populations remain 
limited. The Diet Quality Index-International, developed 
for cross-country diet quality comparisons, considers 
food variety, diet adequacy, nutrient density and overall 
balance of diet.12 Additional recent work with global 
coverage has also assessed diet quality across countries 
of the world and over time.13 However, these indices typi-
cally have a predefined reference diet, and none of them 
evaluates the health effects of diet while also taking into 
consideration the varied distributions of disease across 
populations.

Analogously, several indices assessing global cross-
population health status exist, incorporating country-
level data on health metrics; however, such indices often 
do not incorporate quantitative aetiological data linking 
risk factors and health outcomes. The Bloomberg Global 
Health Index provides health grades for 169 countries 
using life expectancy, mortality data and exposure to 
behavioural and environmental factors in each country14; 
similarly, the United Nations Development Program 
(UNDP) converts life expectancy into the UNDP Health 
Index for about 190 countries.15 A few global health 
indices focus on nutrition or nutrition-related outcomes, 
including the Global Hunger Index, developed by the 
International Food Policy Research Institute and revised 
by the United Nations, which is composed of the preva-
lence of undernourishment, child wasting, child stunting 
and child mortality before the age of 5 years.16 Similarly, 
the Global Nutrition Index incorporates protein-energy 
and micronutrient deficiency, obesity and food security 
into the index to estimate the overall nutritional status 
for 192 countries.17

Additional recent global studies have assessed the 
health effects of diet. The Global Burden of Disease 

Project (GBD) estimates the risk-weighted exposure level 
of individual environmental, behavioural and metabolic 
risk factors, including 16 dietary components, and aetio-
logical effects of risk factors on disease outcomes but does 
not estimate the simultaneous health effects of all dietary 
components, which is important given that all dietary 
factors are consumed in tandem.18 19 Further efforts to 
evaluate the health effects of total diet at the global level 
have focused on mortality but not specifically on overall 
cardiometabolic health impacts.20 Recently, Wang et al21 
carried out a global dietary quality assessment, applying 
AHEI to global data and estimated dietary-attributable 
premature deaths due to chronic disease; similarly, 
Sezaki et al22 investigated the association between MDS 
and incidence of ischaemic heart disease (IHD) glob-
ally.22 However, both studies rely on prespecified dietary 
patterns and do not incorporate effects on both deaths 
and disability, separately evaluate risk-reducing and 
risk-increasing components of diet or provide detailed 
country-specific, age-specific and sex-specific results.

Here we report a novel International Diet-Health 
Index (IDHI) that allows cross-population assessment 
of the cardiometabolic health effects of overall diet, 
including both risk-reducing and risk-increasing dietary 
factors, without relying on prespecified dietary patterns. 
This methodology incorporates country-specific, 
age-specific and sex-specific data on dietary intakes, 
metabolic mediators, aetiological effects and population-
specific cardiometabolic disease profile, to generate a 
standardised and comparable index evaluating health 
effects of overall diet across different populations glob-
ally to inform appropriate dietary policy and intervention 
worldwide.

Methods
Data sources
Here we assess the impact of diet on cardiometabolic 
disease in 186 countries based on data from four primary 
sources (table 1): (1) dietary intake distributions of 11 
commonly consumed dietary factors by country, age and 
sex from the Global Dietary Database (GDD),23 (2) age-
specific relative risks of cardiometabolic outcomes per 
unit of each dietary factor or metabolic mediator from 
meta-analyses of data from prospective cohort studies or 
randomised trials,24 25 (3) country-specific, age-specific 
and sex-specific mean body mass index (BMI), mean 
systolic blood pressure (SBP), and the prevalence of 
hypertension from the from the Non-Communicable 
Disease Risk Factor Collaboration (NCD-RisC)26 and (4) 
country-specific, age-specific and sex-specific disability-
adjusted life years (DALYs) for cardiometabolic diseases 
from the Global Health Data Exchange (GHDx).27

Briefly, energy-adjusted national dietary intake in 2010 
was obtained from GDD, which collected, compiled and 
aggregated national or subnational surveys in 186 coun-
tries by country, age and sex.28 29 We used data on dietary 
intakes of fruits, vegetables, nuts and seeds, whole grains, 
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Table 1  Table of data source and description

Input Source Description

Dietary intakes Global Dietary Database23 ►► Age-specific and sex-specific energy-adjusted dietary intakes 
of 11 dietary factors in 188 countries.*

►► Data from national and subnational population-based surveys.

Metabolic mediators Non-Communicable Disease 
Risk Factor Collaboration64 

65

►► Age-specific and sex-specific mean of BMI and SBP and 
prevalence of hypertension in 191 countries in 2010.†

►► Data from national and subnational population-based surveys.

Relative risks for dietary and 
metabolic mediator impact on 
disease

Published meta-analyses24 25 ►► Age-specific relationships between dietary factors and 
diseases, dietary factors and metabolic mediators, and 
mediators and diseases from prospective cohorts and 
randomised clinical trials.‡

►► Thirty-six diet–disease pairs are available.

DALYs Global Health Data 
Exchange27

►► Age-specific and sex-specific DALYs for 12 cardiometabolic 
diseases in 195 countries in 2010.§

►► DALYs comprise both years of life lost and years lived with 
disability.

Population Global Health Data 
Exchange66

►► Number of people for each age-specific, sex-specific and 
country-specific category in 196 countries in 2010.¶

*Data were available from 20 to 80+ years old by 5-year age intervals. Age groups in other data sources were adjusted to match the age 
groups in the dietary intake data.
†Data were available from 25 to 85+ years old by 5-year age intervals. In accordance with the dietary intake data, groups of 80–84 years and 
over 85 years were collapsed to the group of over 80 years by population weighting.
‡Data were available from 25 to 75+ years old by 5-year age intervals. In accordance with the dietary intake data, the age groups of 75–79 
years and over 80 years were created using the data from group of 75+ years old.
§Data were available from 1 to 80+ years old by 5-year age intervals originally. Only age groups above 25 years old were used in this 
analysis.
¶Population estimates for men and women were available from 0 to 104 years old by 5-year age intervals for 196 countries. Total population 
for both sexes were calculated by summing up the sex-specific data in each country-age group.
BMI, body mass index; DALYs, disability-adjusted life years; SBP, systolic blood pressure.

processed meat, red meat, polyunsaturated fatty acids 
(PUFAs), saturated fatty acids (SFA), seafood omega 3, 
sugar-sweetened beverages (SSB) and dietary sodium 
(online supplementary table 1). While these 11 dietary 
factors do not capture the totality of diet, they are the 
best dietary intake data on widely consumed foods and 
nutrients that are available for 186 countries by age and 
sex. As dietary intake data on additional foods and nutri-
ents become available for all country–age–sex groups, 
the IDHI has been designed to be sufficiently flexible 
enough to incorporate them. The serving sizes of each 
dietary factor are specified in online supplementary table 
1 and were selected based on serving sizes used in reports 
of aetiological effects of diet on disease outcomes.24 Data 
were provided by sex and 5-year age interval for adults 
aged 25+ years.

Dose–response relative risks for cardiometabolic 
diseases per-unit increase in each dietary factor were based 
on a published meta-analysis reporting age-specific effects 
for each diet–disease pair with probable or convincing 
evidence of causal effect based on evaluation of Bradford 
Hill criteria.24 Outcomes included were: ischaemic heart 
disease (International Classification of Diseases, 10th 
Revision codes I20–I25), ischaemic stroke (I63, I65–I67 
(except I67.4) and I69.3), haemorrhagic stroke (I60–I62, 
I69.0–I69.2 and I67.4), atrial fibrillation and flutter (I48), 
aortic aneurysm (I71), hypertensive heart disease (I11), 

endocarditis (I33), peripheral artery disease (I73 and 
I70.2), cardiomyopathy and myocarditis (I42 and I40), 
rheumatic heart disease (I01, I02.0 and I05–I09), type 2 
diabetes mellitus (E11 (except E11.2)) and other cardio-
vascular and circulatory diseases (I00, I02.9, I27–I28 
(except I27.1), I30–I32 (except I31.2 and I31.3), I34–I39, 
I47, I70.8, I72, I77–I80, I82–I84 and I86–I98). For SSBs, 
both the direct and BMI-mediated effects on cardiomet-
abolic disease were included, accounting for hetero-
geneity in effects of SSB on BMI for overweight (BMI 
≥25) versus non-overweight populations.24 For sodium, 
all cardiovascular effects were mediated through systolic 
blood pressure (SBP), and heterogeneity in the effects 
of sodium on SBP by age, race and hypertensive status 
were included in the estimation process.24 30 Effects of 
BMI and SBP on cardiometabolic disease were obtained 
from a large pooling project of international prospective 
cohort studies.25 Mean BMI, mean SBP, and the prev-
alence of hypertension in 191 countries by age and sex 
were obtained from NCD-RisC. DALYs for 12 cardiometa-
bolic diseases were downloaded from GHDx for 195 coun-
tries in 12 age groups and 3 sex groups (female, male and 
both), as was global population data for 2010. We followed 
the Guidelines for Accurate and Transparent Health Esti-
mates Reporting (GATHER) checklist to present the 
data sources and results in the current study and provide 
details in online supplementary table 2.

https://dx.doi.org/10.1136/bmjgh-2019-002120
https://dx.doi.org/10.1136/bmjgh-2019-002120
https://dx.doi.org/10.1136/bmjgh-2019-002120
https://dx.doi.org/10.1136/bmjgh-2019-002120
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Statistical analysis
Calculation of the IDHI
The IDHI assesses impact of diet on cardiometabolic 
health among adults aged 25 years and over by age and 
sex in 186 countries in the world. Dietary intakes of 11 
foods and nutrients are weighted by the relative influ-
ence of each dietary factor on disease outcomes and the 
proportional contribution of each disease to the overall 
cardiometabolic burden in each country–age–sex group. 
For each country–age–sex group, the IDHIoverall is defined 
as:

	﻿‍

tIDHIoverall =
12∑
k=1

{
10∑
j=1

[
Intakej × (− ln RRjk) ×

(
DALYk∑12
k=1 DALYk

)]

+
2∑

i,j=1

[
(Intakej × βij) × (− ln RRik) ×

(
DALYk∑12
k=1 DALYk

)]}

‍
� (1)
where Intakej is the group’s average daily intake of 
dietary factor j; lnRRjk is the natural logarithm of rela-
tive risk per unit of intake for dietary factor j on the inci-
dence of disease k in that population group; DALYk is the 
total DALYs incurred by the group from disease k; βij is 
the linear effect between mediator i and dietary factor 
j, which varies by age, race and hypertensive status for 
the effects of sodium on SBP and by overweight status 
for the effects of SSB on BMI; lnRRik is the log relative 
risk between mediator i and disease k per unit change in 
mediator i (online supplementary figure 1). The negative 
natural logarithm of the RR was used to improve inter-
pretability of the index such that positive values indicate 
ameliorative health effects and negative values indicate 
detrimental health effects. Overall, 11 dietary factors, 12 
diseases and 2 mediators (BMI and SBP) were included 
in our analysis; 10 dietary factors have direct influence 
on diseases, and two dietary factors have effects mediated 
by BMI or SBP. SSB has both direct effect and mediated 
effect (by BMI) on diabetes and ischaemic heart disease. 
This results in a total of 20 diet–disease pairs in which diet 
directly impacts disease and 16 diet–mediator–disease 
pathways in which the dietary impact on disease is medi-
ated through either SBP or BMI (figure  1). Country–
age–sex specific IDHIs were weighted by the population 
in each age group to obtain overall country-level IDHIs 
by sex. Regional, super-regional and global IDHIs were 
calculated as the population-weighted means of country–
age–sex specific IDHIs.

Calculation of IDHIbeneficial and IDHIadverse

Prior studies have indicated that there is significant 
geographic heterogeneity in consumption of healthful 
and unhealthful dietary components globally.13 In order 
to separately assess the health effects of risk-reducing and 
risk-increasing dietary factors, in addition to calculating 
the IDHIoverall, which captures total diet, we calculated the 
IDHIbeneficial and IDHIadverse, using equations analogous to 
those in online supplementary figure 1. The IDHIbenefi-

cial is based on risk-reducing dietary factors: fruits, vege-
tables, nuts and seeds, whole grains, PUFA and seafood 

omega 3; similarly, the IDHIadverse is calculated based on 
risk-increasing dietary factors, that is, processed meat, 
red meat, SFA, SSB and sodium.

Based on the maximum and minimum values of the 
data inputs we used in the current study, the IDHIbene-

ficial can theoretically range from 0.001 to 16.087 at the 
country–age–sex level, with greater positive values indi-
cating healthful cardiometabolic impacts from diet. The 
empirical bounds of IDHIbeneficial estimated using the 
data and methodology described above are 0.090 (lower 
bound) to 2.156 (upper bound). Mirroring this, the 
IDHIadverse can theoretically range from −0.002 to −11.526, 
based on the minimum and maximum inputs, with larger 
negative values indicating more adverse impacts on the 
health outcomes of interest while the empirical bounds 
of IDHIadverse range from −0.137 to −1.425 (online supple-
mentary table 3 and online supplementary figure 2). 
Based on study data, the IDHIoverall, which is the summa-
tion of IDHIbeneficial and IDHIadverse, is bounded between 
−1.032 and 1.368, although the theoretical range based 
on minimum and maximum input values could range 
from −11.525 to 16.086 (online supplementary table 3 
and online supplementary figure 3). The distributions 
of IDHIbeneficial and IDHIadverse mirror each other about 
zero and the distribution of IDHIoverall is nearly symmetric 
(online supplementary figures 2 and 3).

Analyses were conducted at the country–age–sex level 
and were aggregated into country-level, regional-level 
or global-level estimates through population weighting. 
Countries were classified into 21 regions and 9 super-
regions based on previously described classification 
schemes (online supplementary table 4).31 Countries were 
categorised into income groups based on the 2017 World 
Bank classification system.32 Data cleaning, merging and 
visualisation were conducted using R V.3.5.1.

Patients and public involvement
No patients were involved in this study.

Results
Global distributions of the IDHI
Globally and across age groups, the range of IDHI was 
smaller among women than among men for the overall, 
beneficial and adverse IDHIs (table  2). The IDHIoverall 
ranged from −0.986 to 0.954 across age groups in women 
and from −1.032 to 1.368 across age groups in men, indi-
cating a smaller impact of overall diet on cardiometabolic 
health among women than among men, globally. The 
IDHIbeneficial ranged from 0.102 to 1.528 in women and 
from 0.090 to 2.156 in men. The IDHIadverse ranged from 
−1.230 to −0.154 in women and from −1.425 to −0.137 
in men. Risk-reducing dietary factors had the greatest 
beneficial impact on middle-aged populations and the 
smallest impact on the elderly (>70 years), whereas the 
deleterious impact of risk-increasing dietary factors on 
cardiometabolic health was greatest among younger age 

https://dx.doi.org/10.1136/bmjgh-2019-002120
https://dx.doi.org/10.1136/bmjgh-2019-002120
https://dx.doi.org/10.1136/bmjgh-2019-002120
https://dx.doi.org/10.1136/bmjgh-2019-002120
https://dx.doi.org/10.1136/bmjgh-2019-002120
https://dx.doi.org/10.1136/bmjgh-2019-002120
https://dx.doi.org/10.1136/bmjgh-2019-002120
https://dx.doi.org/10.1136/bmjgh-2019-002120
https://dx.doi.org/10.1136/bmjgh-2019-002120
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Figure 1  Relationships between dietary factors, metabolic mediators and disease outcome in the International Diet-Health 
index (IDHI). This Sankey diagram provides an overview of the relationships between dietary factors, metabolic mediators and 
disease outcomes that are included in the IDHI calculations, and it is based on the epidemiological relative risks data that are 
used in this analysis and that were obtained from published sources. The thickness of lodes (connections between risk factors 
and disease outcomes) represents the relative magnitude of aetiological effect of each dietary factor on disease per serving 
of each dietary factor. For effects mediated by BMI or SBP, the lodes were calculated as the products of linear effects of the 
dietary factor on the mediator and the effects of the mediator on the disease. There are 20 direct effects of dietary factors on 
cardiometabolic diseases, 5 indirect effects of sugar-sweetened beverages mediated by BMI and 11 indirect effects of sodium 
mediated by SBP. BMI, body mass index; PUFA, polyunsaturated fatty acids; SBP, systolic blood pressure.

groups and declined with age. Similar trends in age can 
also be observed at the super-regional level (figure 2).

Regional distributions of the IDHI
At the regional level, Central Latin America had the 
lowest IDHIoverall −0.466 (5th percentile, 95th percentile: 
−0.892, –0.159), while Southeast Asia had the highest 
IDHIoverall 0.272 (−0.224, 0.903) (table 2). Southern Sub-
Saharan Africa had the lowest IDHIbeneficial of 0.229 (0.118, 
0.324), while Southeast Asia had the highest IDHIbenefi-

cial of 0.797 (0.308, 1.484). Greatest (ie, most negative) 
IDHIadverse was −0.785 (−1.225, –0.341) in Central Latin 
America and the lowest (ie, least negative) IDHIadverse was 
−0.381 (−0.510, –0.229) in South Asia.

By World Bank country income group, IDHIoverall was 
highest in low-income countries and lowest in upper 
middle-income countries (−0.039 (−0.317, 0.227) and 
−0.146 (−0.605, 0.303), respectively). Low-income coun-
tries had the lowest IDHIbeneficial (0.350 (0.152, 0.679)) 

and high-income countries had the highest IDHIbenefi-

cial (0.397 (0.194, 0.931)). The IDHIadverse ranged from 
−0.537 (−0.953, –0.264) in upper middle-income coun-
tries to −0.424 (−0.633, –0.225) in low-income countries.

Country-level IDHI distributions by age and sex
Among 186 countries, Honduras had the lowest IDHIo-

verall (−0.721 (−0.916, –0.207)), while Malaysia had the 
highest IDHIoverall (0.904 (0.435, 1.190)). The IDHIbeneficial 
was smallest in Zimbabwe (0.160; 95% CI 0.098 to 0.203)) 
and largest in Malaysia (1.529 (0.788, 1.904]). Rwanda 
and Colombia had the smallest (−0.246 (−0.286, –0.162)) 
and greatest (−1.079 (−1.275, −0.435)) IDHIadverse, respec-
tively (online supplementary table 5, figure 3).

At the country level, by age, the lowest IDHIoverall was 
−0.881 (−0.987, –0.740) among adults aged 25–44 years 
in Trinidad and Tobago, while the highest IDHIoverall was 
1.131 (0.966, 1.227) in adults 45–69 years old in Malaysia. 
People over 70 years of age in Zimbabwe had the lowest 

https://dx.doi.org/10.1136/bmjgh-2019-002120
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IDHIbeneficial (0.128 (0.098, 0.158)), and people between 
45 and 69 years old in Malaysia had the highest IDHIben-

eficial (1.782 (1.524, 1.928)). For IDHIadverse, the lowest (ie, 
most adverse) was observed among younger Colombian 
adults, aged 25–44 years old (−1.243 (−1.315, –1.186)) 
and the highest (ie, least adverse) was among persons 
over 70 years of age in Rwanda (−0.207 (−0.252, –0.151)). 
In general, the IDHIoverall and IDHIadverse approach 0 with 
increasing age in most countries, while IDHIbeneficial was 
generally highest in the 45–69 years age group and lowest 
at ages over 70 years (figure 4).

Proportional composition of IDHI by dietary factor across super-
regions
Relative contributions of each dietary factor in each 
super-region to the IDHIoverall are reported in figure  5. 
Variation is evident in proportional contributions of 
risk-reducing dietary factors to IDHIoverall in each super-
region: no single risk-reducing dietary factor contributed 
most across super-regions; however, nuts contributed 
least to the index in most super-regions. Across super-
region, sodium was the risk-increasing dietary compo-
nent with greatest proportional contribution to the 
IDHIoverall except in Latin America and the Caribbean, 
where SSB contributed the greatest proportion. Among 
risk-increasing factors, red meat generally contributes 
the smallest proportion to the IDHIoverall.

Discussion
Here we report the development and application of a 
new global index, the IDHI, which provides a compa-
rable and interpretable means of comprehensively evalu-
ating the cardiometabolic impacts of overall diet, as well 
as risk-reducing and risk-increasing dietary components, 
at the global, regional and national levels. We found 
that globally, women experienced smaller detrimental 
cardiometabolic effects of diet than men; risk-increasing 
dietary components had greater negative cardiomet-
abolic impacts on younger adults than older adults, 
while risk-reducing dietary factors had greater impact 
on middle-aged adults; upper middle-income countries 
experienced the greatest cardiometabolic impacts of 
overall diet, and significant geographic heterogeneity 
was evident in overall dietary impacts on cardiometabolic 
health, based on data from 2010.

Key similarities in findings between our study and prior 
investigations should be noted, particularly congruencies 
in patterns by income group and sex. The strength and 
importance of these findings is emphasised by the fact 
that they result from studies using varied methodologies. 
Prior efforts have evaluated the health effects of diet in 
global settings20–22 30 33 34; of those, a few have focused on 
overall diet instead of single dietary factors.20–22 One study 
estimated dietary-attributable all-cause and cause-specific 
deaths and DALYs using joint population attributable 
fractions.20 Another evaluated the number of premature 
chronic disease deaths that would be prevented if the 
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Figure 2  Age distribution of the International Diet-Health Index by super-regions for: (A) IDHI overall, (B) IDHI beneficial, 
(C) IDHI adverse. The thick blue line shows the Loess curve of the relationship between age and IDHIs in each super-region. 
Light grey lines represent the relationship between age and IDHI for each country in each super-region and are shown only 
to indicate the variability of trends within each super-region. Slopes of linear regressions between age and IDHI in each 
super-region are indicated to show whether there is positive, negative or null relationship between age and each IDHI score. 
Regression slopes represent the change in IDHI per year of age, as the starting point of each 5-year age group was used as 
the independent variable. ANZ, Australia and New Zealand; CA/CEE, Central Asia/Eastern and Central Europe; CALA, Latin 
America and Caribbean; E/SEA, East and Southeast Asia; MENA, North Africa and middle East; SA, South Asia; SSA, Sub-
Saharan Africa; WEUR, Western Europe.

global population followed the EAT-Lancet diet35 using 
AHEI.21 A third assessed the adherence to Mediterra-
nean diet in 132 countries using MDS and evaluated the 
association between MDS and IHD incidence adjusting 
socioeconomic and lifestyle factors.22 Some methodolog-
ical differences exist between these studies, including the 
source of dietary and aetiological effects data, outcomes 
included and statistical models used, yet the similarity in 
key findings is notable.

Geographically, Southeast Asian countries achieved 
greatest overall diet-related cardiometabolic benefits, 
while Central Latin America countries experienced 
greatest negative cardiometabolic impact from overall 
diet. Countries in Southeast Asia attained the most 
cardiometabolic protection from healthful dietary 

components; South Asian countries experienced the 
least cardiometabolic harms from unhealthful dietary 
components. Countries in Southern Sub-Saharan Africa 
gained the least cardiometabolic benefits from healthful 
dietary factors, possibly related to region-specific dietary 
patterns and the continued double burden of both 
cardiometabolic disease and disease related to under-
nutrition.36 37 Central Latin American countries experi-
enced greatest cardiometabolic harms from overall diet 
as well as unhealthful dietary factors, findings that are 
in line with prior work indicating that this region was 
among world regions with greatest diet-related diabetes 
mortality and morbidity.20 East Asia, high-income Asia-
Pacific and Australasia were among regions with higher 
IDHIoverall in our study, indicating that they derived greater 
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Figure 3  Ranking of countries by (A) IDHI overall, (B) IDHI beneficial and (C) IDHI adverse, colour-coded by super-regions. 
IDHI, International Diet-Health Index.
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Figure 4  Global distribution of the International Diet-Health index (IDHI) by age group and across ages for (A) IDHI overall, 
(B) IDHI beneficial, (C) IDHI adverse. The three columns in this figure represent IDHI overall, beneficial and adverse estimates. 
Each world map within each column shows the country-specific IDHI for each of three age groups (25–44, 45–69 and 70+ 
years) and for all adults 25+ years. By looking down each column of maps, the age trend of IDHIoverall, IDHIbeneficial and IDHIadverse 
can be visualised by noting the differences in the colour scale of each country. The maps are colour-coded based on quartiles 
of each IDHI distribution, for example, for IDHIoverall, the smallest (most adverse) IDHIs are shown in orange, while the largest 
(most beneficial) are shown in purple. For IDHIbeneficial, the smallest (least beneficial) is shown in light purple and the largest 
(most beneficial) is shown in dark purple. For IDHIadverse, the smallest (most adverse) is shown in orange, while the largest (least 
adverse) is shown in orange. IDHI, .International Diet-Health Index

cardiometabolic benefits from diet compared with other 
regions; these findings also reflect other work that indi-
cated that these regions had lower diet-related CVD and 
diabetes mortality and morbidity.20

By national-income level, we found that populations 
in low-income countries experienced both a smaller 
beneficial effect and a smaller adverse effect of diet on 
cardiometabolic health and had the highest IDHIoverall 
across income levels. Populations in high-income coun-
tries experienced both greatest cardiometabolic protec-
tion from healthful dietary components and greatest 
cardiometabolic harms from unhealthful food, while 
upper middle-income countries had the lowest IDHIoverall, 
indicating greatest cardiometabolic harms from overall 
diet. These results mirror earlier observations made by 
Imamura et al13 of greater consumption of healthful 
foods among high-income countries and least consump-
tion of unhealthy foods in low-income countries. These 
findings are further supported by results from GBD 
201720 indicating greatest protection from healthy food 
in high-income countries and are further corroborated 
by data from Wang et al21 indicating lowest consumption 
of both healthy and unhealthy dietary factors in low-
income countries.

In low-income and middle-income countries, prior 
studies have indicated that transition towards diets char-
acterised by greater consumption of sugars, sodium, 
refined grains and animal source foods as well as lower 
intakes of vegetables, nuts/seeds and whole grains has 
played critical role in the epidemic of obesity, diabetes 
and other chronic disease.38–43 In our current findings, 
it is notable that overall diet, as measured here using 11 
dietary factors, had net adverse cardiometabolic health 
effects at all income levels, which may be related to 
trends observed in other studies regarding increased 
global marketing and availability of processed food such 
as SSBs and processed meats44–48; exploration of these 
relationships is beyond the scope of the current work but 
warrants further study.

Our findings indicate an important effect of sex and 
age on the cardiometabolic effects of diet. We observed 
more favourable cardiometabolic health effects from 
diet among women than among men, similar to previous 
reports.13 Generally, risk-reducing dietary factors had 
largest influence on middle-aged populations and 
smallest influence on older populations while the 
impact of risk-increasing dietary factors decreased as 
age increased, perhaps related to less consumption of 
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Figure 5  Mean IDHI by super-region and dietary factor, indicating the contribution of each dietary factor to the overall IDHI 
in each super-region. This figure depicts the contribution of each dietary factor to the IDHI. The numbers in red indicate the 
population-weighted IDHI overall, which is calculated as the sum of the IDHI beneficial (shown in green at the top of each bar) 
and the IDHI adverse (shown in brown at the bottom of each bar) numbers at the top and bottom of each bar. The width of bars 
is weighted by the populations in each super-region; due to low relative population counts in the ANZ region, a multiplier of 5 
was applied to the population in this region in order for the bar to be visible. ANZ, Australia and New Zealand; CA/CEE, Central 
Asia/Eastern and Central Europe; CALA, Latin America and Caribbean; E/SEA, East and Southeast Asia; MENA, North Africa 
and Middle East; PUFA, polyunsaturated fatty acids; SA, South Asia; SSA, Sub-Saharan Africa; WEUR, Western Europe.

unhealthy foods, such as SSBs, processed meat and foods 
that are high in sodium among the elderly in many parts 
of the world.13 49–51

The current study strengthens a growing body of global 
evidence that diet is of critical importance to population 
health and complements the findings of several large 
recent global studies.20–22 Despite differences in meth-
odology and data sources, in combination, these inves-
tigations highlight that demographically and regionally 
targeted dietary policies are crucial to global public health 
targets, such as the WHO 25×25 goals.52 The success of 
current policy-based dietary interventions has set a positive 
precedent for future public health initiatives; for example, 
SSB taxes in Mexico, Barbados, Chile and some localities 
of the USA have resulted in declines in SSB purchase or 
consumption53–56; similarly, reductions in energy-dense 
food purchase in Mexico have been observed after the tax 
on junk food was implemented,57 and population-based 
salt reduction programmes successfully reduced sodium 

consumption in the UK58 and Finland.59 Wide-spread 
implementation of such population strategies could be 
instrumental in delaying or preventing deaths from non-
communicable diseases including CVD60 and utilisation of 
a metric such as the IDHI could be useful in both appro-
priately targeting diet-related polices to geographic/
demographic subgroups, as well as in baseline and longi-
tudinal assessments of the impacts of diet-related poli-
cies. For example, given that IDHIadverse is largest among 
men aged 20–44 in Colombia, public health officials may 
consider targeted efforts to reduce consumption of SSBs 
and sodium-rich foods in this population, and given that 
IDHIbeneficial is smallest in over 70 age group in Zimbabwe, it 
could be useful to create policies that subsidise consump-
tion of fruits, vegetables, nuts and seeds, whole grains and 
seafood (as a source of omega-3) among ageing adults. If 
such policies were to be implemented, evaluation of the 
IDHI in these populations before and after the interven-
tions could be a useful metric of assessment.
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Our study has several strengths. Methodologically, 
unlike HEI and other dietary quality indices, IDHI is 
not based on predetermined dietary patterns; dietary 
factors were selected based on existing epidemiological 
evidence on their relationship to cardiometabolic health. 
Dietary quality indices usually have cut-off values for each 
dietary component for scoring; instead, we used the orig-
inal dietary intake from each country–age–sex group in 
IDHIs. Prior investigations of dietary quality scores have 
highlighted the difficulty of assigning the relative contri-
bution of each dietary component to an overall score61; 
here we used an evidence-based approach by weighting 
each dietary intake by the established aetiological effect 
of each component on corresponding disease outcomes. 
The IDHI further includes the cardiometabolic disease 
profile of each country–age–sex group such that the 
overall index reflects differences in disease backgrounds 
across populations. Moreover, our methodology is flex-
ible and modifiable such that it can include additional 
dietary factors and diseases to assess the dietary impact 
on chronic diseases and undernutrition, as further data 
become available. Data on dietary intakes and outcomes 
were from large well-established studies; analyses were 
conducted at the country–age–sex level, the finest strat-
ification of data available. Data on diet–disease rela-
tionships were from meta-analyses of large trials and 
observational studies and were evaluated for probable or 
convincing evidence based on Bradford Hill criteria. In 
keeping with evidence from prior work,13 we developed 
the IDHI separately for overall, beneficial and adverse 
dietary effects. The IDHI provides a novel and efficient 
means for policymakers to evaluate the effects of overall 
diet, dietary subtypes and individual components of diet 
in the context of overall diet, on cardiometabolic health 
at the country and regional level.

Limitations of our approach should also be noted. 
First, the IDHIs were calculated from a subset of dietary 
factors that do not necessarily capture the totality of diet. 
The current analysis included six risk-reducing dietary 
factors and five risk-increasing factors; however, we used 
the best currently available data on dietary intakes, and 
the method is sufficiently flexible to incorporate addi-
tional components in the future. The IDHIoverall should 
be interpreted with caution, since countries with near-
zero IDHIoverall may either have equally large diet-related 
adverse and beneficial effects that ‘cancel out’, leading 
to a neutral IDHIoverall, or they may have equally small 
adverse and beneficial effects that ‘cancel out’. There-
fore, the magnitude of the IDHIoverall does not neces-
sarily fully reflect the magnitude of adverse or beneficial 
dietary effects, which are more clearly captured in the 
separate IDHIadverse and IDHIbeneficial values. The magni-
tude of the IDHIoverall is also affected by how many 
adverse versus beneficial dietary factors are included in 
the index, as well as their relative effects on health and 
the number of diet–disease pairs that can be included 
in the index reflects the availability of epidemiological 
evidence on dietary impacts on health. Therefore, future 

iterations of IDHIoverall that include additional dietary 
factors must carefully evaluate and discuss the calibra-
tion of the index to ensure its meaningful interpreta-
tion. In general, the IDHIoverall is useful in representing 
the ‘net’ effect of diet on health in a population, given 
available evidence, and initial inspection of the IDHIo-

verall warrants subsequent detailed assessment of both the 
IDHIbeneficial and IDHIadverse. Additionally, we assessed the 
dietary impact on 12 cardiometabolic diseases, while in 
many low-income and middle-income countries, popula-
tions are facing joint burdens of cardiometabolic diseases 
and undernutrition. Future efforts will involve extending 
our methodology to capture the dietary impacts on this 
double burden. Data on diet–disease relationships were 
obtained, in part, from large prospective cohort studies, 
and as a result, the possibility of residual confounding 
cannot be eliminated; however, these aetiological effects 
have been validated previously24 and used in a number of 
large studies.30 33 34 62 63

In conclusion, we have developed and implemented a 
novel index to comprehensively evaluate overall dietary 
impact on 12 cardiometabolic diseases in 186 countries 
by age and sex, incorporating background cardiomet-
abolic disease profile of each population. Our results 
indicate significant heterogeneity by geographic region, 
country income level, age and sex, indicating the impor-
tance of targeting policies and interventions to specific 
populations. However, we note that overall, across popu-
lations, diet has a net adverse effect on cardiometa-
bolic health worldwide, indicating that the harms from 
unhealthful foods may be outweighing the beneficial 
effects of healthful foods and highlighting the need for 
large-scale global improvements to the food supply in 
order to increase the availability of healthful foods and 
limit production of and accessibility to unhealthy foods.
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