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Poor diet is a leading cause of disease worldwide, responsible 
for an estimated 26% of global preventable mortality1–4. While 
individual foods and nutrients are important, overall dietary 

patterns are more strongly associated with health5. Evidence sup-
ports interactive and synergistic relationships between foods and 
nutrients when consumed together6, resulting in complementary 
effects5. While the various components of an optimal dietary pat-
tern are well established and validated7, the distributions of such 
patterns globally are not well characterized. This is particularly true 
for children and adolescents, among whom global dietary patterns 
have not previously been reported.

Previous dietary studies have been limited to small subsets of 
countries8,9, used national per capita food availability or sales data 
as direct data inputs10–14, which substantially misestimate intake 
compared with individual-level data15 and did not include children, 
adolescents or young adults (<25 years old)8–12,16. Additionally, there 
is a paucity of evidence on global disparities in dietary patterns, 
for example by age, sex, education and urbanicity. Also, no previ-
ous global studies have jointly assessed several validated metrics of 
diet quality17, such as the Alternative Healthy Eating Index (AHEI), 
the Dietary Approaches to Stop Hypertension (DASH) and the 
Mediterranean Diet Score (MED).

In this Article, to address these gaps in knowledge, we charac-
terized global, regional and national dietary patterns and trends on 
the basis of individual-level intake data among both adults and chil-
dren from 185 countries in 1990 and 2018. Findings were further 
assessed by age, sex, education and urbanicity within each country. 
This analysis utilized the latest Global Dietary Database (GDD) 2018 
data, based on individual-level dietary surveys around the world18.

Results
The GDD is a collaborative effort to systematically identify, compile 
and standardize individual-level dietary data on 53 foods, beverages 
and nutrients (Methods). The GDD uses Bayesian modelling meth-
ods to estimate dietary intakes jointly stratified by age, sex, educa-
tion, level and urbanicity for 185 countries between 1990 and 2018.

Global and regional diet quality in 2018. In 2018, the global mean 
of the AHEI score was 40.3 (95% uncertainty interval (UI) 39.4, 
41.3), with regional means ranging from 30.3 (28.7, 32.2) in Latin 
America and the Caribbean to 45.7 (43.8, 49.3) in South Asia (Fig. 1). 
Among components of the score, highest global scores for healthier 
items were for legumes/nuts (5.0; 4.8, 5.3), followed by whole grains 
(4.7; 4.5, 5.0), seafood omega-3 fat (4.2; 3.8, 5.1) and non-starchy 
vegetables (3.9; 3.8, 4.0); among unhealthier items, highest scores 
(lowest or most favourable intakes) were for sugar-sweetened bev-
erages (SSBs) (5.8; 5.7, 5.9) and red/processed meat (4.8; 4.5, 5.1). 
However, these score components varied substantially by world 
region. For example, top scores in South Asia were for higher whole 
grains and lower red/processed meat and SSBs, while top scores in 
Latin American and the Caribbean were for higher legumes/nuts 
and lower sodium.

National diet quality in 2018. Only ten countries, representing 
<1% of the world’s population, had AHEI scores ≥50. Among the 
world’s 25 most populous countries, the mean AHEI score was 
highest in Vietnam, Iran, Indonesia and India (54.5 to 48.2) and 
lowest in Brazil, Mexico, the United States and Egypt (27.1–33.5) 
(Fig. 2). Most component scores varied substantially across these 

Global dietary quality in 185 countries from 1990 
to 2018 show wide differences by nation, age, 
education, and urbanicity
Victoria Miller1,2,3 ✉, Patrick Webb1, Frederick Cudhea1, Peilin Shi1, Jianyi Zhang1,4, Julia Reedy1, 
Josh Erndt-Marino1, Jennifer Coates1, Dariush Mozaffarian   1 and Global Dietary Database*

Evidence on what people eat globally is limited in scope and rigour, especially as it relates to children and adolescents. This 
impairs target setting and investment in evidence-based actions to support healthy sustainable diets. Here we quantified 
global, regional and national dietary patterns among children and adults, by age group, sex, education and urbanicity, across 
185 countries between 1990 and 2018, on the basis of data from the Global Dietary Database project. Our primary mea-
sure was the Alternative Healthy Eating Index, a validated score of diet quality; Dietary Approaches to Stop Hypertension 
and Mediterranean Diet Score patterns were secondarily assessed. Dietary quality is generally modest worldwide. In 2018, 
the mean global Alternative Healthy Eating Index score was 40.3, ranging from 0 (least healthy) to 100 (most healthy), with 
regional means ranging from 30.3 in Latin America and the Caribbean to 45.7 in South Asia. Scores among children versus 
adults were generally similar across regions, except in Central/Eastern Europe and Central Asia, high-income countries, and the 
Middle East and Northern Africa, where children had lower diet quality. Globally, diet quality scores were higher among women 
versus men, and more versus less educated individuals. Diet quality increased modestly between 1990 and 2018 globally and 
in all world regions except in South Asia and Sub-Saharan Africa, where it did not improve.

Nature Food | VOL 3 | September 2022 | 694–702 | www.nature.com/natfood694

mailto:Victoria.Miller@Tufts.edu
http://orcid.org/0000-0001-7958-9492
http://crossmark.crossref.org/dialog/?doi=10.1038/s43016-022-00594-9&domain=pdf
http://www.nature.com/natfood


ArticlesNATurE FOOD

populous countries. For example, a 100-fold difference was seen in 
the sodium score, a 90-fold difference in the red/processed meat 
score and a 23-fold difference in the SSB score. Among the compo-
nents, the polyunsaturated fatty acid (PUFA) and non-starchy veg-
etable scores varied the least (two-fold and three-fold, respectively) 
across populous countries.

Global and regional differences across demographic subgroups. 
Globally, the mean AHEI score in 2018 was similar among children 
(39.2; 38.2, 40.3) versus adults (40.8; 39.8, 42.0) (Fig. 1). However, 
the mean AHEI score was substantially higher among adults com-
pared with children in Central/Eastern Europe and Central Asia, 
high-income countries, and the Middle East and Northern Africa 
region. By age, most regions had J- or U-shaped relationships, with 
the highest scores observed among the youngest (≤5 years) and/or 
oldest age groups (≥75 years) (Fig. 3).

Among the AHEI components globally, four component scores 
were lower among children versus adults: fruit (2.2 (2.1, 2.3) ver-
sus 2.5 (2.4, 2.5), respectively), non-starchy vegetables (3.1 (3.0, 
4.5) versus 4.3 (4.2, 3.2)), SSBs (5.3 (5.1, 5.5) versus 6.1 (6.0, 6.2)) 
and seafood omega-3 (3.3 (2.9, 4.0) versus 4.7 (4.2, 5.7)), while 
two others were higher among children versus adults: PUFAs (2.1 
(2.0, 2.2) versus 1.4 (1.3, 1.5)) and sodium (4.6 (4.1, 5.1) versus  
3.2 (2.9, 3.5)) (Fig. 1).

By sex, the mean AHEI score was generally higher in women 
versus men globally and regionally, with the greatest differ-
ences seen in high-income countries (difference +4.4; 3.8, 5.0), 
and Central/Eastern Europe and Central Asia (+3.6; 2.1, 5.3) 
(Extended Data Fig. 1). Evaluating different AHEI components 
globally, women had modestly higher scores for fruit (+0.2; 0.2, 
0.3), non-starchy vegetables (+0.3; 0.1, 0.4) and whole grains  
(+0.4; 0.2, 0.5).
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Fig. 1 | Global and regional mean AHEI component scores by age (all ages, children only and adults only) in 2018. AHEI score: nine components scored 
from 0 to 10 each and scaled to ten components (correction for trans fat shown). Healthy components: fruit, non-starchy vegetables, legumes/nuts, whole 
grains, PUFAs and seafood omega-3 fat; unhealthy components: red/processed meat, SSBs and sodium.
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Evaluating differences according to educational attainment, 
AHEI scores were greater among individuals with a higher educa-
tion level globally and in most regions, except in the Middle East 
and Northern Africa and Sub-Saharan Africa, where no differences 
were evident (Fig. 4). Among world regions, differences by educa-
tion were largest in Central/Eastern Europe and Central Asia (+3.6; 
2.4, 4.9), Latin America and the Caribbean (+3.5; 0.9, 6.0) and 
South Asia (+2.9; 1.1, 4.9). Globally, more educated individuals had 
higher scores for fruit (+0.8; 0.7, 0.9), sodium (+0.7; 0.3, 1.1), whole 
grains (+0.6; 0.4, 0.8) and non-starchy vegetables (+0.5; 0.4, 0.6). 
However, in contrast, more educated individuals also had lower 
scores (less favourable consumption levels) for red/processed meat 
(−0.6; −0.7, −0.5), SSBs (−0.6; −0.8, −0.4) and nuts and legumes 
(−0.1; −0.2, −0.1) globally.

Globally, AHEI scores did not significantly vary by urban ver-
sus rural residence (Fig. 5). However, higher scores were evident 
among urban versus rural individuals in Central/Eastern Europe 
and Central Asia (difference +2.2; 0.9, 3.5), and Southeast and East 
Asia (+1.4; 0.6, 2.4), and lower scores among urban versus rural 
individuals in the Middle East and Northern Africa (−3.8; −5.5, 
−2.2). Globally, individuals residing in urban areas had higher 
scores for fruit (+0.2; 0.2, 0.3) and whole grains (+0.2; 0.1, 0.4), but 
lower scores for SSBs (−0.5; −0.7, −0.4), red/processed meat (−0.4, 
−0.5, −0.1) and legumes/nuts (−0.1; −0.2, −0.1).

Changes in dietary pattern scores between 1990 and 2018. 
Between 1990 and 2018, the mean global AHEI score (standard-
ized to 2018 population distributions) increased by +1.5 (1.0, 2.0). 
Increasing trends occurred in five of seven regions: Central/Eastern 
Europe and Central Asia (+4.6; 4.0, 5.3); high-income countries 
(+3.2; 2.9, 3.5); Southeast and East Asia (+2.7; 1.7, 3.8); the Middle 
East and Northern Africa (+2.2; 1.4, 3.0); and Latin America and the 
Caribbean (+1.3; 0.6, 2.0). No significant change was seen in South 

Asia (0; −0.9, 1.1), and a decreasing trend was seen in Sub-Saharan 
Africa (−1.1; −1.8, −0.4) (Fig. 6).

Among AHEI components globally, scores increased over time 
for non-starchy vegetables (+1.1; 1.0, 1.2), legumes/nuts (+1.1; 1.0, 
1.3) and fruit (+0.1; 0.1, 0.2); decreased for red/processed meat 
(−1.4; −1.5, −1.2), SSBs (−0.6; −0.7, −0.6) and sodium (−0.4; −0.6, 
−0.2); and remained stable for whole grains (+0.1; 0, 0.2), PUFAs 
(0; 0, 0.1) and seafood omega-3 (0; 0, 0.1).

Among the most populous countries, the largest absolute 
improvement in the AHEI score between 1990 and 2018 occurred 
in Iran (+12.0; 9.9, 13.9), the United States (+4.6; 4.1, 5.1), Vietnam 
(+4.5; 2.4, 7.2) and China (+4.3; 2.8, 5.9), while the largest declines 
were found in Tanzania (−3.7; −5.8, −1.5), Nigeria (−3.0; −5.3, 
−0.7), Japan (−2.7; −3.1, −2.3) and the Philippines (−1.8; −2.7, 
−0.9) (Fig. 7).

Results for DASH and MED. Detailed findings for the DASH and 
MED scores are presented in Supplementary Information. Briefly, 
global mean DASH and MED scores in 2018 were 22.9 (22.6, 
23.2) and 4.1 (3.9, 4.2), respectively (Extended Data Figs. 2 and 3). 
Regionally, means for these scores were consistently higher in South 
Asia, and lower in Latin America and the Caribbean (Extended 
Data Figs. 4 and 5). Among population subgroups, global DASH 
and MED scores were higher among adults compared with children 
(DASH: 23.2 (22.9, 23.4) versus 22.3 (21.9, 22.7); MED: 4.3 (4.1, 4.4) 
versus 3.7 (3.5, 3.8)), but did not appreciably differ by sex (Extended 
Data Figs. 2 and 3). Global mean scores were higher among more 
versus less educated individuals (difference +2.6 (2.3, 2.8) and +0.3 
(0.2, 0.4), respectively) (Extended Data Fig. 7), and, for DASH only, 
among urban versus rural individuals (+0.4; 0.2, 0.7) (Extended 
Data Fig. 8). Worldwide, the mean DASH and MED scores 
increased modestly between 1990 and 2018, by +1.0 (0.8, 1.1) for 
DASH and +0.3 (0.2, 0.4) for MED (Extended Data Figs. 6 and 9).  

25AHEI score AHEI score28 31 34 37 40 43 46 49 52 55 58 25 28 31 34 37 40 43 46 49 52 55 58

Fig. 2 | National mean AHEI scores among children (left) and adults (right) in 2018. Children: ≤1 years to ≤19 years; adults: ≥20 years. The AHEI score 
ranged from 0 to 100. The mean national score was computed as the sum of the stratum-level component scores and aggregated to the national mean 
using weighted population proportions for 2018.
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Across strata in 2018, the inter-correlations of the dietary pattern 
scores were 0.8 for AHEI and DASH, 0.5 for AHEI and MED, and 
0.6 for DASH and MED.

Discussion
In this global assessment of different dietary patterns across 185 
countries in 1990 and 2018, we found modest overall dietary qual-
ity, but with important variation by age, sex, education, urbanic-
ity, time and world region, as well as by dietary component. These 
results, based on the systematic collection and standardization of 
more than 1,100 individual-level dietary surveys worldwide, pro-
vide the most current and comprehensive estimates of global, 
regional and national dietary quality among adults and children, 
in subgroups according to educational attainment and urban ver-
sus rural residence, and comparing three validated dietary patterns 
including the AHEI, DASH and MED17. These results have impor-
tant implications for public health and inform priorities in each 

nation and subnational subgroup to improve nutrition security and  
health equity.

As one example, our findings highlight the regional differences 
between insufficient intakes of healthful foods versus excess intakes 
of unhealthful foods. For instance, the highest dietary pattern scores 
in 2018 were identified in low-income countries in South Asia and 
Sub-Saharan Africa, where relatively low consumption of SSBs and 
red/processed meats is consistent with national data on food or 
beverage volume sales19. However, consumption of healthy com-
ponents, such as fruit, non-starchy vegetables, legumes/nuts, sea-
food omega-3 fat and PUFAs, were also far from optimal in these 
nations. This suggests that a major focus on policies and innova-
tions to increase intakes of produce, seafood and plant oils will have 
the largest impact on dietary quality in these countries.

By contrast, in high-income countries, Central/Eastern Europe 
and Central Asia, and the Middle East and Northern Africa, 
increasing intakes of fruit, non-starchy vegetables, legumes/nuts 
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and whole grains have improved dietary quality over time, but have 
been offset by stable trends or only minor reductions in red/pro-
cessed meats, SSBs and sodium. We found that red/processed meat 
and sodium have each significantly increased over time in Asia 
and Latin America and the Caribbean, consistent with previous 
nation-specific reports from China, Japan and Mexico20–22. These 

findings suggest that a dual focus on increasing healthful foods and 
lowering of harmful factors is essential in these regions, especially 
for nations in Asia and Latin America and the Caribbean.

Several studies have documented that the AHEI is associated 
with the risk of non-communicable diseases23. For example, pooled 
findings from two US cohorts found a 24%, 33% and 6% reduction 
in the incidence of cardiovascular disease, diabetes mellitus and 
cancer, respectively, for the highest AHEI quintile (median 64.5) 
compared with the lowest quintile (median 36.9; comparable to the 
global mean in our study, 40.3 (95% UI 39.4, 41.3)) (ref. 24). Cohorts 
have also found that a moderate increase (20-percentile increase) in 
the AHEI score during follow-up was associated with significantly 
lower risk of cardiovascular disease mortality and cancer mortal-
ity25. Similar relationships have been observed in France26, the 
United Kingdom27 and Singapore28,29. Such associations suggest that 
the current quality of global diets identified in this study is lead-
ing to preventable chronic disease and mortality, and that modest 
improvements in dietary quality can contribute to reductions in 
fatal and non-fatal diet-related diseases over time.

Our findings on global diet patterns among infants, children 
and adolescents have important implications for child nutrition 
and health. We found that diet quality was generally highest among 
infants and young children and worsened into adolescence, empha-
sizing the need for initiatives to aim to improve dietary quality in 
older children, as well as promote healthy eating habits in early 
childhood to translate into improved dietary quality in adolescence 
and adulthood. Although, diet quality was highest among children 
in Sub-Saharan Africa and South Asia, we found that diet quality 
worsened or remained stable over time in these regions. Children 
with more educated parents had higher dietary quality in all regions 
except South Asia and the Middle East and Northern Africa, while 
better diet quality was found among children residing in urban areas 
in Central/Eastern Europe and Central Asia and Southeast and 
East Asia, and rural areas in the Middle East and Northern Africa. 
Worse dietary quality in children is associated with stunting, car-
diometabolic risk factors (for example, blood pressure, blood lipid 
levels, glucose control and obesity) and lower health-related qual-
ity of life30–35, and dietary habits and food preferences established  
during early life influence later habits throughout childhood and 
into adulthood36–38.

Dietary disparities by education or income level have been 
reported in specific, mostly high-income nations or selected 
groups of nations8,39–41, but not globally. Our findings demonstrate 
that more educated individuals had higher overall dietary quality 
in most, but not all, world regions, with largest impacts of educa-
tion among nations in Central/Eastern Europe and Central Asia, 
Latin America and the Caribbean, and South Asia. We also identi-
fied key exceptions in the Middle East and Northern Africa, and 
Sub-Saharan Africa, where dietary quality did not vary by educa-
tion level. Notably, higher education was generally linked to greater 
consumption of fruits, non-starchy vegetables, whole grains and 
plant oils, but not always to lower consumption of SSBs and red/
processed meat. Interestingly, urbanicity differentially influenced 
dietary quality in different world regions, with better dietary qual-
ity among urban versus rural residents in Central/Eastern Europe 
and Central Asia and Southeast and East Asia, but the opposite 
in the Middle East and Northern Africa, related to specific dif-
ferences in the consumption of the underlying healthful versus 
unhealthful components among urban versus rural residents in  
these regions.

In agreement with our earlier analysis of healthy and unhealthy 
dietary scores16, we found that, compared with lower-income coun-
tries, higher-income countries had better scores for healthy com-
ponents (for example, fruit and whole grains) but worse scores 
for unhealthy components (for example, red/processed meats  
and sodium).
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Fig. 4 | Global and regional mean absolute differences in AHEI component 
scores in children (top) and adults (bottom) in 2018, by high versus 
low education level. AHEI score: nine components scored from 0 to 10 
each and scaled to ten components (correction not shown). The absolute 
difference by education was computed as the difference at the stratum 
level and aggregated to the global and regional mean differences using 
weighted population proportions for low (<6 years) and high education 
levels (≥12 years) only (excludes education level ≥6 and <12 years).
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This investigation has several strengths. Our data and findings 
build upon and expand the previous literature by including the larg-
est number of individual-level dietary surveys, providing a more 
contemporary estimate of trends in global dietary quality and esti-
mating global dietary quality in children and adolescents, which has 
not been previously reported. We included 1,139 dietary surveys, 
most of which were nationally representative and collected at the 
individual-level using 24 h recalls or food-frequency questionnaires 

(FFQs). We standardized all data inputs including dietary factor 
definitions, units and age-specific energy adjustment, and incor-
porated Bayesian modelling with survey and country covariates to 
address heterogeneity and sampling and modelling uncertainty42. 
We assessed subnational differences by age, sex, education and 
urbanicity, including the first global estimates of dietary patterns by 
educational attainment and urban versus rural residence. We char-
acterized three established metrics for diet quality, each validated 
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Fig. 5 | Global and regional mean absolute differences in AHEI component 
scores in children (top) and adults (bottom) in 2018, by urban versus 
rural residence. AHEI score: nine components scored from 0 to 10 each 
and scaled to ten components (correction not shown). The absolute 
difference by urbanicity was computed as the difference at the stratum 
level and aggregated to the global and regional mean differences using 
weighted population proportions.
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Fig. 6 | Global and regional mean absolute differences in AHEI component 
scores in children (top) and adults (bottom), between 2018 and 1990. 
AHEI score: nine components scored from 0 to 10 each and scaled to 
ten components (correction not shown). The absolute difference by time 
was computed as the difference at the stratum level and aggregated 
to the global and regional mean differences using weighted population 
proportions for 2018.
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against major health outcomes17, including the similarities and dif-
ferences in global, regional and national dietary quality depending 
on the dietary metric.

Potential limitations should be considered. While we made 
extensive efforts to minimize bias and incorporate heterogeneity 
and uncertainty, individual-level dietary data are subject to mea-
surement errors, and survey availability was limited or incomplete 
for some nations, dietary factors, demographic groups and years16,42. 
For example, less than a quarter of surveys included data on chil-
dren aged 3–9 years and adults ≥85 years. The Bayesian hierarchi-
cal models incorporated additional uncertainty to account for these 
limitations, but sampling and/or information bias cannot be ruled 
out16. To allow for comparability between population subgroups, 
we standardized dietary intakes to 2,000 kcal per day before com-
puting the dietary patterns, but the unadjusted dietary intakes may 
be lower among populations with lower energy requirements (for 
example, infants and young children, and seniors) or higher among 
populations consuming >2,000 kcal per day. We did not have infor-
mation on trans fat (AHEI) or alcohol use (AHEI and MED), and 
our findings should be interpreted as dietary quality based on the 
other components of these scores. The dietary patterns selected 
(AHEI, MED and DASH) were originally developed and validated 
for adult populations in high-income countries but have been used 
to characterize dietary quality among children and seniors33,43,44. 
It is important to note that a single or suite of dietary metrics has 
not been developed or validated to assess micronutrient quality of 
the diet in all age groups17, and the AHEI, MED and DASH may 
be inadequately correlated with nutrients of concern, particularly 
among children and in low- and middle-income countries. Caution 
is warranted when interpreting the findings in relation to nutri-
ent adequacy. However, in the absence of validated metrics for the 
double burden of malnutrition, the AHEI, MED and DASH are 
appropriate metrics for assessing dietary quality across popula-
tions17. We did not consider other, less validated dietary indices and  

scores16,17,45,46, which can be assessed once these have been better 
validated for use in diverse global populations.

In conclusion, we found global dietary quality to be only modest 
today, and with only some improvement, although inconsistent by 
world region, over the past three decades.

These results provide comprehensive global information about 
individual-level dietary patterns among children and adults, by age, 
sex, education and urbanicity. Our findings highlight the substan-
tial variation in dietary quality and inform the need for specific 
national and subnational policies to improve nutrition security and 
nutrition equity.

Methods
Data sources and retrieval. Our methods and findings for identifying dietary 
surveys, data extraction, standardization and harmonization, and modelling 
have been reported18,42,47,48. In brief, we systematically searched, identified and 
collated data from nationally and subnationally representative surveys (or local 
representative community surveys when national and subnational were not 
available) on individual-level dietary intakes, and for sodium intake, as well as 
additional biomarker surveys18,42. Household budget surveys were used rarely when 
individual-level dietary surveys were not identified for a populous country18,42. In 
total, we compiled data from 1,248 dietary surveys from 188 countries. Of these, 
1,139 surveys from 175 countries (representing 7.46 billion of the world population 
in 2018) reported data on the nine foods, three beverages and six nutrients 
measured in the dietary pattern scores in the present analysis. Most surveys 
were nationally or subnationally representative (89.1%); used an FFQ (42.1%) 
or 24 h recall (22.7%); included data on children (0–19 years) (73.9%) and adults 
(≥20 years) (64.5%); and included data on urban and/or rural residence (60.8%) 
(Supplementary Information Table 4).

Data extraction and standardization. For each survey in the GDD, we 
obtained and assessed the credibility of information obtaining relating to survey 
characteristics, including survey name, country, years performed, sampling 
methods, response rate, national representativeness, level of data collection 
(individual or household), dietary assessment method and validation, sample 
size, population demographics (age, sex, education, urban/rural residence and 
pregnancy/lactation status) and definitions and units of dietary factors18. We also 
extracted or obtained directly from the survey owners data on individual-level 

–10AHEI score AHEI score–8 –6 –4 –2 0 2 4 6 8 10 12 14 –10 –8 –6 –4 –2 0 2 4 6 8 10 12 14

Fig. 7 | National mean absolute change in AHEI scores among children (left) and adults (right) between 1990 and 2018. The AHEI score ranged from 
0 to 100. The absolute difference between 2018 and 1990 was computed as the difference at the stratum level and aggregated to the national mean 
differences using weighted population proportions for 2018.
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dietary intakes of up to 53 foods, beverages and nutrients, jointly stratified by age, 
sex, education and urban/rural residence. We evaluated dietary intakes adjusted 
to age-standardized energy intakes to assess dietary composition independently 
of quantity, account for estimated age-specific average requirements and reduce 
measurement error within and across surveys (Supplementary Information)42. 
Data were assessed for extraction errors and for plausibility using standardized 
protocols, and survey quality by evaluating evidence for selection bias, sample 
representativeness, response rate and validity of diet assessment method42.

Modelling and uncertainty. To account for differences in survey methods, 
representativeness, time trends, input data and uncertainty, a Bayesian model 
estimated the log-means of dietary intake (mean and standard deviation) within a 
nested hierarchical structure42. The model included random effects by country and 
region as well as globally; sex, education, urban/rural residence and non-linear age 
effects; survey-level indicator data for dietary assessment method (24 h recall, FFQ, 
Demographic Health Survey questionnaire and household budget survey) and type 
of dietary metric (optimal or suboptimal definition); and national year-specific 
covariate data relevant to each dietary factor42. The model included overdispersion 
of study-level variance for surveys that were not nationally representative or not 
stratified by sex, education, urbanicity or small age groups (≤10 years)42.

The final model included estimates of consumption of each food or nutrient 
for 264 subgroups jointly stratified by sex (male or female), age group (<1, 1–2, 
3–4, 5–9, 10–14, 15–19, 20–24, 25–29, 30–34, 35–39, 40–44, 45–49, 50–54, 55–59, 
60–64, 65–69, 70–74, 75–79, 80–84, 85–89, 90–94 and ≥95 years), education 
(<6 years, ≥6 to <12 years, or ≥12 years) and urban versus rural residence; within 
185 countries covering 99.0% of the world’s population in 201842. Uncertainty of 
each stratum-specific dietary factor estimate was quantified using 4,000 iterations 
to determine posterior distributions jointly by country, year, age, sex, education 
and urbanicity42. We computed the median intake and the 95% UI for each stratum 
from the 50th, 2.5th and 97.5th percentiles of the 4,000 draws, respectively42. 
Validity checks included: five-fold cross-validation (randomly omitting 20% of the 
raw survey data, run five times), comparing predicted versus observed intakes; 
assessment of implausible estimates; and visual assessment of national mean 
intakes using global heat maps42. A second time-component-based Bayesian model 
was used to strengthen time trend estimates for dietary factors with corresponding 
food or nutrient availability data (FAO Food Balance Sheets49 and Global Expanded 
Nutrient Supply50)42. The model, commonly referred to as a varying slopes model, 
incorporated country-level intercepts, and slopes, along with their correlation that 
is estimated across countries42,51,52. The final GDD results were based on these two 
Bayesian models42, as detailed in Supplementary Information.

Characterization of dietary patterns. For our primary analysis, we focused on the 
AHEI. For each stratum, we scored nine components: fruit, non-starchy vegetables, 
whole grains, SSBs, legumes/nuts, unprocessed red/processed meats, seafood 
omega-3 fat, PUFAs and sodium (alcohol and trans fat were not estimated in GDD) 
(Supplementary Table 6). Each component was scored from 0 to 10, and the final 
score ranging from 0 to 90 was scaled to range from 0 to 100. DASH was calculated 
on the basis of eight components, scored from 1 to 5 using sex-specific quintiles, with 
the final score ranging from 8 to 40 (Supplementary Table 7). MED was calculated 
on the basis of eight components (alcohol was not estimated), with each component 
scored as 0 or 1 using sex-specific medians and the final score ranging from 0 to 8 
(Supplementary Table 8). As scoring cutpoints for DASH and MED are based on 
observed population distributions, distributions were calculated for 2018 and used 
consistently in other years. As each of these scores is based on usual adult intakes, 
consumption levels of dietary factors in each stratum were standardized to 2,000 kcal 
per day for deriving the dietary pattern scores. For each dietary pattern, higher 
scores are given for higher intakes of healthier foods or nutrients and lower intakes of 
unhealthier foods or nutrients, and thus higher scores represent healthier diets.

Statistical analysis. Population-weighted average dietary pattern scores for each 
population subgroup stratum in each country–year were calculated using all 4,000 
posterior predictions for each of the components in that stratum to derive global, 
regional and national scores42. Annual population weights were derived from the 
United Nations Population Division53, supplemented with data on educational and 
urban/rural distributions from Barro Lee54 and the United Nations55, respectively42. 
Spearman correlations assessed inter-relationships between each dietary pattern 
score. Changes in scores between 1990 and 2018 were calculated using all 
4,000 posterior predictions for each stratum to account for the full spectrum of 
uncertainty and standardized to the proportion of individuals within each stratum 
in 2018 to account for changes in demographics over time42. Given the Bayesian 
nature of the analysis, formal statistical significance was not appropriate, and the 
95% UIs should be used as a guide42.

Data availability
The modelled estimates of individual food and nutrient intakes by population 
subgroup, country, region and globe in 1990 and 2018 are available for download 
from the GDD (https://www.globaldietarydatabase.org/). Survey-level information 
and original data download weblinks are also provided for all public surveys; 
survey-level microdata or stratum-level aggregate data are provided for direct 

download for all non-public surveys granted consent for public sharing by the 
data owner. The modelled dietary quality scores are available for download from 
(https://github.com/victoriaemiller/GDD-Diet-Quality).

Code Availability
The statistical coding is available from the corresponding author on reasonable 
request.
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Extended Data Fig. 1 | Global and regional AHEI score by (A) sex, (B) education, and (C) urban/rural residence in 2018. Data are the mean score (95% 
uncertainty interval). The AHEI score ranged from 0 to 100. <6 years: <6 years of education; ≥6 to <12 years: ≥6 to <12 years of education; ≥12 years: ≥12 
years of education. Rural: rural residence; urban: urban residence.
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Extended Data Fig. 2 | Global and regional DASH score by (A) age, (B) sex, (C) education, and (D) urban/rural residence in 2018. Data are the mean 
score (95% uncertainty interval). The DASH score ranged from 5 to 40. <6 years: <6 years of education; ≥6 to <12 years: ≥6 to <12 years of education; 
≥12 years: ≥12 years of education. Rural: rural residence; urban: urban residence.
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Extended Data Fig. 3 | Global and regional MED score by (A) age, (B) sex, (C) education, and (D) urban/rural residence in 2018. Data are the mean score 
(95% uncertainty interval). The MED score ranged from 0 to 8. <6 years: <6 years of education; ≥6 to <12 years: ≥6 to <12 years of education; ≥12 years: 
≥12 years of education. Rural: rural residence; urban: urban residence.
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The DASH score ranged from 5 to 40, and the MED score ranged from 0 to 8.
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Extended Data Fig. 5 | National mean DASH scores (top panel), and MED scores (bottom panel) among all ages (children and adults) in 2018. The 
DASH score ranged from 5 to 40, and the MED score ranged from 0 to 8.
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Extended Data Fig. 6 | National mean absolute change in DASH scores (top panel), and MED scores (bottom panel) among all ages (children and 
adults) in 2018. The DASH score ranged from 5 to 40, and the MED score ranged from 0 to 8. The absolute difference between 2018 and 1990 was 
computed as the difference at the stratum-level and aggregated to the global and regional mean differences using weighted population proportions  
for 2018.
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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7 | Global and regional mean absolute difference in DASH component scores (top panel) and MED component scores (bottom 
panel) in all ages (children and adults) in 2018, by high versus low education level. The absolute difference by education was computed as the difference 
at the stratum-level and aggregated to the global and regional mean differences using weighted population proportions for low (<6 years) and high 
education levels (≥12 years) only (excludes education level = ≥6 to <12 years).
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Extended Data Fig. 8 | Global and regional mean absolute difference in DASH component scores (top panel) and MED component scores (bottom 
panel) in all ages (children and adults) in 2018, by urban versus rural residence. The absolute difference by urbanicity was computed as the difference at 
the stratum-level and aggregated to the global and regional mean differences using weighted population proportions.

Nature Food | www.nature.com/natfood

http://www.nature.com/natfood


Articles NATurE FOODArticles NATurE FOOD

–2

–1

0

1

2

W
or

ld

S
ou

th
ea

st
/E

as
t A

si
a

C
en

tra
l/E

as
te

rn
 E

ur
op

e 

 &
 C

en
tra

l A
si

a
H

ig
h–

In
co

m
e 

C
ou

nt
rie

s

La
tin

 A
m

er
/C

ar
ib

be
an

M
id

. E
as

t/N
or

th
 A

fri
ca

S
ou

th
 A

si
a

S
ub

–S
ah

ar
an

 A
fri

ca

A
bs

ol
ut

e 
di

ffe
re

nc
e 

(2
01

8–
19

90
) 

DASH score
Fruit

Vegetables
Whole grains

Legumes/nuts
Red/processed meat

Dairy
SSBs

Sodium

–0.4

0.0

0.4

0.8

W
or

ld

S
ou

th
ea

st
/E

as
t A

si
a

C
en

tra
l/E

as
te

rn
 E

ur
op

e 

 &
 C

en
tra

l A
si

a
H

ig
h–

In
co

m
e 

C
ou

nt
rie

s

La
tin

 A
m

er
/C

ar
ib

be
an

M
id

. E
as

t/N
or

th
 A

fri
ca

S
ou

th
 A

si
a

S
ub

–S
ah

ar
an

 A
fri

ca

A
bs

ol
ut

e 
di

ffe
re

nc
e 

(2
01

8–
19

90
) 

MED score
Fruit/nuts

Vegetables
Whole grains

Legumes
Red/processed meat

Dairy
Seafood

MUFA:SFA

Extended Data Fig. 9 | Global and regional mean absolute difference in DASH component scores (top panel) and MED component scores (bottom 
panel) in all ages (children and adults) between 2018 and 1990. The absolute difference by time was computed as the difference at the stratum-level and 
aggregated to the global and regional mean differences using weighted population proportions for 2018.
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