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Abstract

Aims To develop a healthy diet score that is associated with health outcomes and is globally applicable using data from the
Prospective Urban Rural Epidemiology (PURE) study and replicate it in five independent studies on a total of 245 000 people
from 80 countries.

Methods A healthy diet score was developed in 147 642 people from the general population, from 21 countries in the PURE study,

and results and the consistency of the associations of the score with events was examined in five large independent studies from

70 countries. The healthy diet score was developed based on six foods each of which has been associated with a significantly
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Conclusion

lower risk of mortality [i.e. fruit, vegetables, nuts, legumes, fish, and dairy (mainly whole-fat); range of scores, 0—6]. The main
outcome measures were all-cause mortality and major cardiovascular events [cardiovascular disease (CVD)]. During a me-
dian follow-up of 9.3 years in PURE, compared with a diet score of <1 points, a diet score of >5 points was associated with a
lower risk of mortality [hazard ratio (HR) 0.70; 95% confidence interval (Cl) 0.63-0.77)], CVD (HR 0.82; 0.75-0.91), myo-
cardial infarction (HR 0.86; 0.75-0.99), and stroke (HR 0.81; 0.71-0.93). In three independent studies in vascular patients,
similar results were found, with a higher diet score being associated with lower mortality (HR 0.73; 0.66-0.81), CVD (HR
0.79; 0.72-0.87), myocardial infarction (HR 0.85; 0.71-0.99), and a non-statistically significant lower risk of stroke (HR 0.87;
0.73-1.03). Additionally, in two case-control studies, a higher diet score was associated with lower first myocardial infarction
[odds ratio (OR) 0.72; 0.65-0.80] and stroke (OR 0.57; 0.50-0.65). A higher diet score was associated with a significantly
lower risk of death or CVD in regions with lower than with higher gross national incomes (P for heterogeneity <0.0001).
The PURE score showed slightly stronger associations with death or CVD than several other common diet scores
(P < 0.001 for each comparison).

A diet comprised of higher amounts of fruit, vegetables, nuts, legumes, fish, and whole-fat dairy is associated with lower CVD
and mortality in all world regions, especially in countries with lower income where consumption of these foods is low.

Structured Graphical Abstract

Key Question

Is a healthy diet score developed in the large international PURE cohort study, and examined for consistency in five independent studies,
associated with better health outcomes globally? Is this consistent in different world regions, and in individuals with or without prior
cardiovascular disease?

Key Finding

A higher PURE Healthy Diet Score which includes fruits, vegetables, nuts, legumes, fish, and dairy was associated with lower mortality
and cardiovascular risk, overall. This was consistent in individuals with or without vascular disease, and in all world regions, especially in
countries with lower income.

Take Home Message

Lower consumption of healthy foods including fruits, vegetables, nuts, legumes, fish, and dairy (i.e. a lower PURE diet score), contributes
to an increase in cardiovascular risk globally, especially in countries with lower income.

Six large international studies

‘ 244,597 participants from 80 countries in 6 continents

The PURE healthy eating pattern

Tal-
(>
> a s"
Fruit Vege{ab]es Legumes Dairy

2-3 servings 2-3 servings 3-4 servings 7 servings 2-3 servings
daily daily weekly weekly weekly

14 servings
weekly

49

Total PURE healthy diet score is the sum of 6 component scores; total scores range from 0 to 6 (healthiest diet)

Generally healthy people and patients with vascular disease

‘ata
‘ Median of 8.3 years follow-up

2 A
t } 15,707 deaths and 40,764 cardiovascular events

An improvement of diet by 20% (1 quintile) is associated with an

° 8% lower risk of death e 6% lower risk of major cardiovascular events

In a combined analysis of data from six international studies involving 245 000 people from 80 countries, a diet comprised of higher amounts of fruit,
vegetables, nuts, legumes, fish, and dairy foods is associated with lower risk of cardiovascular disease and mortality in all world regions, especially in
lower income countries. PURE, Prospective Urban Rural Epidemiology.

Introduction

physiologic risk factors; and a few randomized clinical trials of dietary
patterns on clinical outcomes but conducted mainly in Western coun-

Unhealthy diets have been ranked as a major factor for death and car-
diovascular disease (CVD) globally."* Contemporary nutrition recom-
mendations are based on the associations of individual foods, nutrients,
and dietary patterns with CVD in many older and contemporary pro-
spective cohort studies conducted mostly in North America, Europe,
and East Asia; numerous short-term randomized intervention trials of

tries.>®

Previous diet pattern scores [Dietary Approaches to Stop
Hypertension (DASH), Mediterranean, Healthy Eating Index (HEI),
and, more recently, the EAT-Lancet Planetary diet] have been de-
scribed and their relationship to CVD and mortality has been tested
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mainly in Western countries.*®”'® These diet scores combine con-
sumption of foods that are believed to be protective with foods (or
nutrients) considered to be harmful, and so no diet score is focused
exclusively on protective foods despite a recent increased focus on
higher intakes of protective foods for disease prevention.’
Additionally, these previous diet scores all have in common an em-
phasis on increased fruit, vegetables, legumes, nuts, and fish, with
some differences in their focus on different types of fats and con-
sumption of dairy or red meat.

Recent data from cohort studies have challenged conventional re-
commendations about which dietary components are protective or
harmful. Dietary exposures (such as whole-fat dairy) that were previ-
ously thought to increase CVD have recently been shown to be either
neutral or protective in large cohort studies."”~2® This new information
has not been incorporated into nutrition guidelines. Additionally, it is
not known whether conclusions drawn from diet score studies con-
ducted predominantly in USA, Europe, and East Asia are applicable
to other world regions (e.g. Africa, South America, Middle East or
South Asia), including parts of the globe where dietary patterns differ
markedly (Africa and South Asia).?®

Our aims were to (i) develop a healthy diet score from the large
Prospective Urban Rural Epidemiology (PURE) cohort study involving
147 642 people from 21 countries in 5 continents; (i) examine the consist-
ency of the associations of the PURE healthy diet score with events in three
independent prospective studies (n =43 834 in 50 countries) and 2 case—
control studies of myocardial infarction (MI) (n = 26 191 in 52 countries) or
stroke (n =26 930 in 33 countries); (iii) assess whether the PURE healthy
diet score is applicable to people from high, middle and low income coun-
tries, from various regions of the world, and to those with and without prior
CVD; and (iv) compare the performance of the PURE healthy diet score
with that of other commonly used diet scores (Mediterranean diet,
HEI-2010 and 2015, DASH and Planetary Diet scores) 368101213

Methods
Study design and participants

Details of the studies’ designs and population characteristics have been pub-
lished before and are described in the Supplementary data online, Appendix.
In brief, the PURE Study™*” is an ongoing large-scale epidemiological cohort
study that has enrolled 166 762 individuals, 35-70 years of age, from the
general population in 21 low-, middle-, and high-income countries on 5 con-
tinents (see Supplementary data online, Appendices ST and S2). Participants
were enrolled into the study between 1 January 2003, and 31 July 2018. For
the current analysis, we developed the healthy diet score in 147 642 parti-
cipants with complete information on their diet (see Supplementary data
online, Figure ST). We included all outcome events known until 31 July
2019 (see Supplementary data online, Appendix S3).

We examined the consistency of the associations of the diet score with
events in 43 834 vascular patients in 3 prospective studies from 50 coun-
tries, and in 2 case—control studies of Ml (n=26 191 in 52 countries) or
stroke (n=26930 in 33 countries). Ongoing Telmisartan Alone and in
combination with Ramipril Global End point Trial (ONTARGET) was a ran-
domized controlled trial of anti-hypertension medication (ramipril, telmi-
sartan, and their combination) in 25 620 patients, aged 55 years or older,
with vascular disease or diabetes enrolled between October 2002 and
April 20042 Telmisartan Randomized AssesmeNt Study in ACE
iNtolerant subject with cardiovascular Disease (TRANSCEND) was a ran-
domized controlled trial of telmisartan vs. placebo in 5926 participants en-
rolled between October 2002 and April 2004.%° For this analysis, we
included 31429 participants from ONTARGET and TRANSCEND with
dietary assessments in 40 countries on 6 continents. Of these,

20195 were from 20 high-income countries, and 11234 from 18
middle-income countries (see Supplementary data online, Appendix S1).

Outcome Reduction With Initial Glargine Intervention (ORIGIN) was a
randomized controlled trial of insulin glargine or standard care and n-3 fatty
acids or placebo (2-by-2 factorial design) in 12 405 people (mean age, 63.5
years) with cardiovascular risk factors plus impaired fasting glucose or dia-
betes enrolled between 5 February 2004 and 27 December 2005.2%3" Of
these, 4763 were from 20 high-income countries on 6 continents, 7255
from 19 middle-income countries, and 387 from 1 low-income country
(see Supplementary data online, Appendix S1).

The INTERHEART study was a standardized case—control study involv-
ing 11 931 cases of first acute Ml and 14 260 controls from 52 countries on
6 continents enrolled between February 1999 and March 2003.3**3 Of
these, 6333 were from 21 high-income countries, 15911 from 20
middle-income countries, and 3947 from 11 low-income countries.

The INTERSTROKE study was a standardized case-control study involv-
ing 13 444 cases of acute first stroke and 13 486 controls from 33 countries
on 6 continents enrolled between 11 January 2007 and 8 August 2015.3%%*
Of these, 4849 were from 11 high-income countries, 14598 from 15
middle-income countries, and 7483 from 5 low-income countries. These
studies collectively included people from all inhabited continents of the
world (see Supplementary data online, Appendix S1).

Collectively, our analysis includes a broad population drawn from 80
countries involving all inhabited continents with good representation
from high-income, middle-income, and low-income countries. This includes
21% of participants from high-income, 60% from middle-income, and 19%
from low-income countries, which is similar to the global population distri-
bution (16% high-income, 65% middle-income, and 19% low-income coun-
tries in 2008, the median time point of participant recruitment).

All studies were co-ordinated by the Population Health Research
Institute, Hamilton Health Sciences and McMaster University, Hamilton,
ON, Canada.

Procedures

The information about study variables was collected with similar ap-
proaches and data collection forms in each of the studies. Information about
demographic factors, lifestyle, health history, and medication use was re-
corded. Physical assessments included standardized measurements of
weight, height, waist and hip circumferences, and blood pressure.'”'®

In PURE, participants’ habitual food intake was recorded using country-
specific validated food frequency questionnaires (FFQs) at baseline. The
number of food items in the FFQs varied from 95 to 250 items (see
Supplementary data online, Appendix $4).'71828:29313234 |y ONTARGET,
TRANSCEND, ORIGIN, INTERHEART, and INTERSTROKE, dietary infor-
mation at baseline was obtained using a 19-item qualitative FFQ with infor-
mation on individual foods or food groups and alcohol intake.*=* In
ORIGIN, we also collected repeat measures of diet after 2 years, which
we used to adjust for regression dilution biases (see ‘Statistical analyses’
section).

PURE healthy diet score

In the PURE cohort, we derived a healthy diet score based on six food cat-
egories each of which have been associated with a lower risk of mortality
(summarized in Supplementary data online, Appendix S5). These food cat-
egories consisted of fruit, vegetables, legumes, nuts, fish, and dairy.

While diet is complex, a simple dietary score is most practical in commu-
nicating what is a healthy dietary pattern. We used an unweighted score
similar to previous dietary indices (e.g. Mediterranean, DASH, HEI,
Recommended Foods Score, e‘cc).”"14 Further, our scoring scheme was
similar to numerous other cohort studies of diet scores and health out-
comes (e.g. Mediterranean diet).">™* A value of 0 or 1 was assigned to
each of the six components of the score with the use of the median in
the study cohort as the cut-off. A score of 1 (healthy) was assigned when
an individual’s intake of the food component was above the median in
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the cohort. A score of O (unhealthy) was assigned when intake was at or
below the median. The total PURE healthy diet score was the unweighted
sum of the six component scores. The healthy diet scores range from 0 to 6
points, with higher scores indicating a healthier diet. Additionally, we con-
ducted separate analyses where we used quintile cut-offs of each food (in-
stead of the median), which results in a score with a wider range (i.e. from 0
to 30). With this use of this scoring method, the results were similar and so
the results using the simpler median cut-off is presented. (A weighted score
provides nearly identical results, and so the unweighted score is used for
simplicity.)

To translate the PURE diet scores into a healthy eating pattern for the
public (i.e. intake amounts of each of the six foods that are needed to
achieve the ‘healthiest’ diet), we used the mean intake of each food category
among people in the upper quintile of the PURE diet score as the intake tar-
get. These intake amounts represent the average intake of each of the six
foods in people in the top 20% of the PURE diet score, which represents
an eating pattern associated with the lowest risk of outcome events.

The Mediterranean, HEI-2010 and 2015, DASH, and Planetary Health
scores have been described previously>*%'%'2 and are summarized in
Supplementary data online, Appendix Sé.

Outcomes

Myocardial infarctions, strokes, heart failure, and cardiovascular and other
deaths were recorded during structured follow-up using standard forms
within each prospective study, and these events were centrally adjudicated.
In the two case—control studies, specific criteria for cases and for controls
were used.*>™*

In the prospective studies, the outcomes included in the analyses were
major cardiovascular events (fatal CVD, non-fatal Ml, stroke, and heart fail-
ure) and total mortality. The median duration of follow-up was 9.3 years
[interquartile range (IQR) 7.5-10.8] in PURE, 4.5 years (IQR 4.4-5.0) in
ONTARGET and TRANSCEND, and 6.2 years (IQR 5.8-6.7) in ORIGIN.

Statistical analyses

Continuous variables were expressed as mean (+SD) and categorical vari-
ables as percentages. In PURE, we computed the mean PURE healthy diet
score overall and by geographical region. ANOVA was conducted, with
tests for linear trend, to compare the mean values of the PURE healthy
diet score by country gross national income. Participants were categorized
into fifths (quintiles) of the healthy diet score. To characterize dietary pro-
files from ‘least healthy’ to ‘most healthy’ diet, we calculated the mean in-
take of foods (g per day) and nutrients (% of energy) by quintile group of
the dietary score. The food and nutrient intakes of individuals in the lowest
and highest quintile groups (i.e. lowest and highest fifths) of the healthy diet
score characterizes the dietary profile of the least and most healthy diet,
respectively.

In PURE, we used restricted cubic-spline plots with four knots to explore
the shape of the association between the diet scores and the risk of mortality
and major CVD.*® Cox frailty models with random effects (to account for
clustering within study centres) were used to assess the association between
diet scores and the outcomes. We identified a priori confounding variables
for adjustment in the multivariable models. In a minimally adjusted model,
we adjusted for age, sex, and study centre (as a random effect). The primary
model adjusted for age, sex, study centre (as a random effect), energy intake,
waist-to-hip ratio, education, wealth index, current smoking status, urban or
rural location, physical activity, baseline diabetes, and use of statin or blood
pressure lowering medications. We verified the assumption of proportion-
ality of hazards using standard log (-log survival) vs. log time plots. To test for
linear trends, the median value was assigned to each level category of the diet
score (i.e. 0-6) and included the variable as a quantitative risk factor. A one-
point increase (i.e. one-point change) in the diet score was calculated from
the median value of each level category (0-6).

In sensitivity analyses, we tested the impact of removing potential med-
iators (body mass index, waist to hip ratio, diabetes, and hypertension) on

the estimates in the primary models. Additionally, we assessed whether diet
scores had variable impact by geographical region using tests of interaction.

Independent replication of the results was tested in three prospective
studies of patients with vascular disease (ONTARGET, TRANSCEND,
and ORIGIN), and in two case—control studies of first MI (INTERHEART)
and first stroke (INTERSTROKE).

In ONTARGET and TRANSCEND, since the entry criteria and study
conduct were similar between the two trials, other than ACE inhibitor in-
tolerance in the TRANSCEND trial, we pooled the data from both studies.
For these studies and ORIGIN, as in the PURE analyses, we used Cox frailty
models with similar adjustment models, but additionally adjusted for treat-
ment allocation.

In INTERHEART and INTERSTROKE (case—control studies), we used
hierarchical logistic regression with random intercepts to account for cen-
tre clustering and adjusted for the matching criteria (age and sex), educa-
tion, physical activity, current smoker, diabetes, waist-to-hip ratio,
hypertension, and statin use. We tested the collinearity of variables in
each study previously,”'8:28-3%37-39

For the combined analyses of the six studies, we used a two-stage individual
participant data meta-analysis.*® First, we assessed the associations between
the healthy diet score and events in each cohort separately (as described
above). Second, the study-specific hazard ratios (HRs) and 95% confidence in-
tervals (Cls) were pooled in a random-effects meta-analysis. We used the
DerSimonian-Laird approach with the Hartung-Knapp-Sidik-Jonkman variance
correction method.*' Tests of heterogeneity were conducted using the I
statistic.

For the analyses of Mediterranean, HEI-2010 and 2015, DASH, and
Planetary Health Diet scores, we used the same restricted cubic-spline
and Cox frailty modelling approaches described above for the PURE healthy
diet score to model associations with clinical outcomes.

To determine which diet scores are most strongly associated with major
CVD and death, we conducted a receiver-operating characteristic analysis
to assess the predictive ability of the different diet scores vs. the PURE
score.*? The predictive performance of each Cox model was measured
by the area under the receiver-operating characteristic curve (AUC). The
significance level of differences in AUC values were calculated using the
Delong test.*® In initial analyses, we included data only from PURE (n =
147 642), in which dietary information was collected using full-length,
country-specific FFQs and therefore is better suited for capturing most
of the dietary components of each diet score (see Supplementary data
online, Appendix S$6). In secondary analyses, we compared the various diet
scores with the PURE Healthy Diet Score based on data from all four pro-
spective cohorts (i.e. including the three cohorts that used the shorter
qualitative FFQ) (n =191 476 overall).

Statistical analyses were conducted using SAS Statistical Package (version
9.4; SAS Institute, Inc., Cary, NC).

Results

The characteristics of the participants from PURE are shown in Table 1.
The mean PURE Healthy Diet Score was 2.95 (SD 1.50). A higher
healthy diet score was associated with higher per capita gross national
income (P-trend <0.0001) (Figure 7). The highest median diet scores
and intake of food components in the diet score were found in
North America and Europe, Middle East, and South America, while
South Asia, Africa, Southeast Asia, and China had lower scores and in-
take of its component foods (Figure 2).

Nutrition profiles of low (least healthy)
and high (most healthy) diet scores

Based on the mean intake of foods by level of diet score, a ‘most
healthy’ diet (i.e. diet score in the highest fifth; >5 points) contains
563.1 g/day (5 servings) of fruit and vegetables, 48.0 g/day (0.5 servings)
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Diet quality, cardiovascular events, and mortality

of legumes, 28.2 g/day (1.2 servings) of nuts, 26.1 g/day (0.3 servings) of
fish, 185.5 g/day (2.0 servings) of dairy [of which 130.5 g/day (1.4 ser-
vings) is whole-fat dairy], 54.5 g/day (0.5 servings) of red meat, and
22.1 g/day (0.3 servings) of poultry. This corresponds to a diet of variety
consisting of each nutrient in moderate amounts [i.e. 56% of energy
from carbohydrates, 27% from fats (including 8.9% from saturated
and 15.0% from unsaturated fats), 17.2% from protein].

P for trend <0.0001

3 |
§ =l = = o =
Lic HIC

LMIC umic
61,233

Mean PURE Healthy Diet Score

No.of 33033

36,270
people

17,106

Country gross national income

Figure 1 Prospective Urban Rural Epidemiology healthy diet score
by country gross national income (n = 147 642).

Plant sources

By contrast, a ‘least healthy’ diet (i.e. diet score in the lowest fifth; <
1 points) is comprised of markedly lower amounts of each food group
(Table 2). This corresponds to a diet high in carbohydrates (66% of en-
ergy), and with lower fat (20% of energy; including 6.3% from saturated
and 10.7% from unsaturated fats), lower protein (13.5% of energy), and
lower red meat (24.1 g/day) and poultry (10.3 g/day).

The other diet scores similarly include higher amounts of fruits,
vegetables and nuts, but differ in the consumption of other foods.
Higher Mediterranean and HEIl scores correspond with lower in-
takes of red meat, DASH relates to lower red meat, poultry, and
dairy, while the Planetary diet is the most restrictive and character-
ized by lower red meat, poultry, dairy, fish, and legumes. The DASH
and Planetary diets are markedly higher in carbohydrates and lower
in fat (mainly from saturated fat) (see Supplementary data online,
Appendices S6 and S7).

Healthy diet score vs. outcome events
in PURE
During a median of 9.3 years (IQR 7.5-10.8) of follow-up in PURE, 8201
major CVD events and 10 076 total deaths were documented (Table 3).
At least one follow-up visit was completed for 98% of participants.
Higher PURE healthy diet score was associated with lower risk of
mortality, major CVD, M|, stroke, CVD mortality, non-CVD mortality,
and the composite of death or major CVD, in the age, sex, and study
centre adjusted models (all P for trend < 0.001) (Table 3).
These associations were attenuated after adjusting for additional
lifestyle factors and co-morbidities but remained statistically

Animal sources

J 1
[ | |
M Fruit W Vegs W Legumes M Nuts M Fish M Dairy
1200
& 1000
©
]
o 800
LY
)
%< 600
=
£
c 400 — —
R
o]
S 200
0 T T 3 T T T T T
Overall NAm/ SAmer MEast SAsia China SEAsia Africa
Eur
No.of 147642 15650 23,634 14,302 30,491 45,197 12,278 6,090
people

Geographic region

Figure 2 Median intake of the food categories of the Prospective Urban Rural Epidemiology healthy diet score, overall and by geographic region (n =

147 642).
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Table 2 Nutritional profiles by PURE healthy diet score category in a general population (from ‘least healthy’ to ‘most

healthy’) (PURE; n = 147 642)>°

Fruit, g per day 45.6
Vegetables, g per day 85.0
Legumes, g per day 21.0
Nuts, g per day 39
Fish, g per day 6.1
Dairy, g per day 312
Red meat, unprocessed, g per day 241
White meat, g per day 103
Eggs, g per day 9.6
Whole wheat foods, g per day 427
Refined wheat foods, g per day 101.9
Rice, g per day® 1784
Potatoes and tubers, g per day 22.5
Sweets, g per day? 70.4
Cholesterol, mg per day 187.9
Alcohol, g per day 76.0
Carbohydrates, %E 65.8
Fats, %E 201
Saturated, %E 6.3
Monounsaturated, %E 6.3
Polyunsaturated, %E 44
Polyunsaturated-to-saturated fat ratio 0.89
Other, %E® 3.1
Protein, %E 135

PURE Healthy Diet Score, quintile category

2 3 4 >5 (most healthy)
"""" g4 133 185 2%8
126.1 180.6 2324 306.3
319 329 36.5 48.0
7.0 13.9 20.2 282
16.4 18.0 20.8 26.1
755 942 132.0 185.5
27.2 35.0 433 54.5
11 13.8 18.0 22.1
12.7 16.0 17.5 18.0
40.8 35.0 323 40.9
105.8 116.1 124.9 1194
166.6 139.1 107.8 80.8
20.9 25.0 30.0 34.6
66.3 789 104.2 1286
248.0 293.7 3443 394.6
37.8 429 49.9 652
62.8 61.0 58.7 56.4
228 237 252 27.1
7.8 79 8.2 89
7.0 7.8 85 9.5
4.9 5.0 5.1 5.5
0.76 0.74 0.71 0.68
3.0 3.1 34 3.1
14.3 15.3 16.4 17.2

“Table shows mean values for each food and nutrient.

®Energy intakes (mean = SD) by quintile category are: Q1: 1676 + 705; Q2: 1996 + 741; Q3: 2163 + 771; Q4: 2332 + 769; Q5: 2617 + 822.
“Rice is mainly white rice, as brown rice intake was captured only in Argentina and Brazil, where its intake was low (2 g/day in Argentina and 16 g/day in Brazil).

9Sweets include cakes, cookies, biscuits, gelatins, pastries, pies, puddings, and candies.
©Other’ is comprised of glycerol and other aldehydes.
%E, % of total energy intake.

significant for each outcome. Compared with a healthy diet score in
the lowest fifth (<1 points; reference category), a healthy diet score
in the highest fifth (>5 points) was associated with a lower risk of total
mortality (HR =0.70; 95% Cl: 0.63-0.77; P-trend <0.0001), major
CVD (HR=0.82; 0.75-0.91; P-trend <0.0001), Ml (HR =0.86;
0.75-0.99), stroke (HR=0.81; 0.71-0.93), CVD mortality (HR=
0.72; 0.60-0.85), non-CVD mortality (HR =0.68; 0.60-0.78), and
the composite of death or CVD (HR=0.78; 0.72-0.84; P-trend
<0.0001) (Table 3).

A quintile increase in the healthy diet score (an important but achiev-
able change in score for an entire population) was associated with a
lower risk of total mortality (HR =0.91; 0.89-0.93), major CVD (HR
=0.94; 0.92-0.97), Ml (HR=0.95; 0.92-0.98), stroke (HR =0.95;

0.92-0.98), CVD mortality (HR = 0.91; 0.88-0.95), non-CVD mortality
(HR =0.91; 0.88-0.93), and composite of death or CVD (HR =0.93;
0.92-0.95) (Table 3 and Figure 3). Removal of any one component of
the diet score generally results in slightly weaker associations between
the diet score and the composite of CVD or death, so that each food
makes a similar modest contribution to the score (see Supplementary
data online, Appendix S8).

The associations of the PURE healthy diet score with lower risk of
events were found both in people with and without prior vascular dis-
ease (Table 3).

In sensitivity analyses, after excluding waist-to-hip ratio, body mass
index, history of diabetes, or history of hypertension from the models
(i.e. considering these variables as possible mediators), the results were
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Hazard ratio (95% CI) per
0.96 (0.89-1.04)
0.89 (0.88-0.90)
0.93 (0.92-0.95)
0.94 (0.92-0.96)
0.90 (0.86-0.94)

20 percentile increment

P for trend
0.3649
<0.0001
<0.0001
<0.0001
<0.0001

25 119)

Q5 (n=

0,88 (062-1.25)

1806 (7.19%)
7.73

0.64 (0.60-0.68)
0.78 (0.72-0.84)
0.79 (0.73-0.86)
0.67 (0.55-0.82)

28 133)

9.08
0.70 (0.66-0.74)
0.79 (0.74-0.85)

Q4 (n=

0.94 (0.69-1.29)
2374 (8:44%)
0.81 (0.75-0.86)
0.71 (0.60-0.85)

Hazard ratio (95% CI)
Q3 (n=33442)
0.91 (0.68-1.22)
3023 (9.04%)

9.72
0.73 (0.69-0.76)
0.79 (0.75-0.84)
0.79 (0.75-0.84)
0.78 (0.67-0.92)

Q2 (n=34952)
104(079-137)
4046 (11.58%)
1245

0.86 (0.82-0.90)
091 (0.86-0.95)
0.91 (0.86-0.96)
0.90 (0.77-1.04)

1.00
15.59
00
1.00
1.00
1.00

3770 (14.50%)
1

Q1 (n=25996)

Composite of death or major CVD
No. of composite events (%) (n=15019)
Incidence rate (events per 1000 person-years)

Age and sex adjusted
Multivariable

No history of CVD
History of CVD

Multivariable models are adjusted for age, sex, study centre (random effect), waist-to-hip ratio, education level (primary or less; secondary; trade, college, or university), wealth index, urban or rural location, physical activity (low, < 600; moderate,

600—3000; high, > 3000 metabolic equivalent of task per minute per week), smoking status (never, former, or current), history of diabetes, use of statin or anti-hypertension medications, and total energy intake.

Age and sex adjusted: adjusted for age, sex, and centre (latter as random effect).

All participants (n = 147 642)
History of CVD

Table 3 Continued

similar. Further, when participants who had an event in the first 2 years
of follow-up were excluded, the associations remained similar (see
Supplementary data online, Appendix S9). Lastly, when unprocessed
red meat or whole grains were included from the PURE healthy diet
score, the results were again similar (see Supplementary data online,
Appendix $10), indicating that a modest amount of meat or whole grains
can be part of a healthy diet.

Restricted cubic splines showed significant non-linearity for associa-
tions between the healthy diet score and risk of total mortality (P=
0.0163), major CVD events (P=0.0166), and the composite of death
or major CVD (P < 0.0001) (Figure 4). The association with composite
events was twice as steep amongst participants with diet scores below
than above the median (per quintile increment in the diet score HR =
0.89; 0.87-0.92 vs. HR =0.96; 0.93-0.99).

Independent replication of results of the
PURE healthy diet score

The PURE Healthy Diet Score showed consistent associations with
mortality, major CVD, MI, and stroke in ONTARGET/TRANSCEND,
ORIGIN, INTERHEART, and INTERSTROKE, with risk estimates that
were similar to those observed in PURE (Figures 3 and 5;
Supplementary data online, Appendices S11-513).

Combined analysis of all prospective
studies and by prior CVD status

and study design

The associations of the PURE healthy diet score with primary events
were similar across the four prospective studies (median follow-up of
8.3 years; for major CVD, overall P <0.0001, IZ=O, P =0.845; for
death, overall P < 0.0001, P= 0, P=10.405, and for composite of death
or CVD, overall P < 0.0001, #=0, P=0.461) (Figure 3).

A higher healthy diet score was associated with a lower risk of total
mortality (comparing >5 points vs. <1 points, HR = 0.72; 0.67-0.77),
major CVD (HR =0.81; 0.76-0.86), MI (HR = 0.85; 0.77-0.95), stroke
(HR=0.83; 0.75-0.92), CVD mortality (HR=0.71; 0.61-0.99),
non-CVD mortality (HR =0.78; 0.61-0.99), and the composite out-
come (HR=0.78; 0.74-0.83) (Figure 3). A quintile increase in the
healthy diet score was associated with a lower risk of total mortality
(HR =0.92; 0.90-0.93), major CVD (HR =0.94; 95% CI: 0.93-0.95),
MI (HR = 0.94;0.92-0.96), stroke (HR = 0.94; 0.89-0.99), and compos-
ite of death or CVD (HR = 0.93; 0.92-0.94) (Figure 3).

In these studies, the associations were consistent in people with and
without prior CVD (for major CVD, I*=46.8, P = 0.119; for death, I* =
0, P=0.685, and for composite of death or CVD, >=0, P =0.493)
(Figure 6).

Cubic splines show significant non-linearity for the associations be-
tween the healthy diet score and the composite outcome (P <
0.0001 for non-linearity; P <0.0001 for overall significance of the
curve), with significantly steeper slopes amongst people with scores
below vs. above the median (HR =0.88; 0.86-0.90 vs. HR =0.96;
0.94-0.98, respectively, per quintile increment in the PURE healthy
diet score) (P for heterogeneity <0.001) (see Supplementary data
online, Appendix S14). The curve flattens out at about a diet score of
3 indicating that most of the observed differences in outcomes were
associated with modestly higher consumption of healthy foods, com-
pared to little or none, and that the observed potential health differ-
ences among those who already consumed a moderate amount of
these foods (e.g. people with a diet score of 4 or higher) is less.
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PURE Healthy Diet Score versus Events

Overall P |2 statistic for

N No. of HR (95%Cl)
Total events (%) per 20% heterogeneity
mortality increment
General pop. (PURE) 147,642 10,076 —a— P‘00405
CVD patients (ONT/TRAN) 31,429 3,759 — e (P=0.405)
CVD patients (ORIGIN) 12,405 1,872 ——
Overall 191,476 15,707 - <0.0001
Major CVD
General pop. (PURE) 147,642 8,201 —— 0
CVD patients (ONT/TRAN) 31,428 5,190 —— (P=0.845)
CVD patients (ORIGIN) 12,405 2,015 —_——
Overall 181,476 15,406 - <0.0001
Mi
General pop. (PURE) 147,642 3,806 — 36.6
CVD patients (ONT/TRAN) 31,429 1,551 — (P=0.193)
CVD patients (ORIGIN) 12,405 590 ——
Case-cont (INTERHEART) 26,191 11,931 ——
Overall 217,667 17,878 —— <0.0001
Stroke
General pop. (PURE) 147,642 3,925 —e— 38.8
CVD patients (ONT/TRAN) 31,429 1,395 — (P=0.195)
CVD patients (ORIGIN) 12,405 532 —_—t e
Case-cont (INTERSTRCKE) 26,930 13,444 ——
Overall 218,406 19,296 . 0.001
Composite
General pop. (PURE) 147,642 15,018 -— 0
CVD patients (ONT/TRAN) 31,429 6,436 —— (P=0.461)
CVD patients (ORIGIN) 12,405 2,668 ——
Overall 181,476 24,123 - <0.0001
D.Is 0?9 1.0 1.I1

Hazard ratio (95% CI)

Figure 3 Association of Prospective Urban Rural Epidemiology healthy diet score vs. events across studies (n = 244 597). Hazard ratios (95%) are per
20 percentile increment in the diet score. Hazard ratios (95% Cl) are multivariable adjusted.

Other dietary scores vs. outcome events

In analyses comparing different diet scores, the Mediterranean,
HEI-2010, HEI-2015, and DASH scores showed beneficial associa-
tions with all outcome events, while the Planetary Health score
showed neutral associations with events (see Supplementary data
online, Appendix $15). The PURE healthy diet score was most similar
to the HEI-2010 and HEI-2015 diet scores, with only slightly larger
HRs found for the PURE score (Table 4). In tests comparing the dif-
ferences in AUC values between diet scores,43 the PURE score
showed significantly stronger associations with composite events
and mortality risk compared to the HEI-2010 and HEI-2015, signifi-
cantly stronger associations with composite events, mortality risk,
and major CVD risk compared to the Mediterranean and DASH
diet scores and substantially stronger associations with all three types
of events than the Planetary diet score (Table 4). In secondary
analyses, when included all four prospective cohorts in the analysis

(n=191476), the results were similar (see Supplementary data
online, Appendix $16).

Subgroup analyses by income and
geographic regions
The PURE healthy diet score was associated with a lower risk of compos-
ite events across geographic regions and in countries grouped by income
levels, but the associations were stronger in South Asia, China, and Africa
which are also countries with low diet scores (mean score of 2.1 in South
Asia, 2.6 in Africa and 3.1 in China) compared to most other regions
(which have a mean diet score of 3.5) (P for heterogeneity <0.0001)
and in countries with lower gross national incomes than in countries
with higher national incomes (P for heterogeneity <0.0001) (Figure 7).
The other diet scores showed directionally consistent associations
by geographic and income regions, except for the Planetary diet score
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A Total mortality (10,076 events)
P for overall significance <0.0001
P for nonlinearity =0.0163

Adjusted Total Mortality with PURE Diet Score

ot

B Major CVD (8,201 events)
P for overall significance <0.0001
P for nonlinearity =0.0166

Adjusted Major CVD events with PURE Diet Score

o6l

C  Composite of death or major CVD (15,019 events). The steep inverse slope below 4 suggests that a lack of adequate consumption
of healthy foods is the dietary cause of higher CVD and mortality. This finding suggests that what is needed is to improve the diet

score to about 4 or higher worldwide.

P for overall significance <0.0001
P for nonlinearity <0.0001

Adjusted Composite of death or major CVD with PURE Diet Score

1.6

Q.8

Q.6

o 1 2 3 4 5

&

Figure 4 Cubic splines for the association of the Prospective Urban Rural Epidemiology healthy diet score with A) total mortality, B) major CVD, and
C) composite of death or major CVD in a general population (Prospective Urban Rural Epidemiology, n = 147 642).

which was associated with a higher risk of composite events in South
Asia and China (P for heterogeneity = 0.040).

Discussion

In this combined analysis of data from four large, international pro-
spective cohort studies from 80 countries and two case—control stud-
ies from 62 countries including a total of 244 597 individuals among
whom nearly 50 000 events were recorded, from all inhabited conti-
nents, we showed that a 20% (1 quintile) higher PURE healthy diet
score was associated with a 6% lower risk of major CVD, and 8% lower
risk of mortality (Structured Graphical Abstract). The score includes
foods that are part of other diet scores (i.e. fruit, vegetables, legumes,
nuts, and fish), but also an element that previous scores do not include
(i.e. whole-fat dairy) (see Box for the PURE Healthy Diet eating

pattern). Our analyses adjusted for a large number of potential con-
founders including socioeconomic status (at the individual level using
education and an index of wealth) and at the country level by grouping
countries into categories of income and demonstrating consistent find-
ings across country income groups. The PURE score appears to be
slightly more predictive of composite events than the Mediterranean,
HEI-2010, HEI-2015, and DASH diet scores and substantially more pre-
dictive than the Planetary diet score. The planetary diet score is the
most restrictive and substantially limits animal foods, whereas the
PURE diet score permits a moderate amount of animal foods (e.g. 1
cup milk or yogurt; 3 ounce cooked red or white meat daily). Our find-
ings suggest that globally the key to a healthy diet is probably one that
includes diverse natural foods in moderation, rather than restricting in-
take to a small number of food categories. Additionally, the PURE diet
score was associated with lower events globally and in all continents of
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Box The PURE Healthy Diet score translated into a healthy eating pattern

Eat More

1 medium apple, banana, pear; 1 cup leafy vegs; 1/2 cup other vegs

Fruits and vegetables 4 to 5 servings daily

Legumes 3 to 4 servings weekly

Nuts 7 servings weekly

Fish 2 to 3 servings weekly

Dairy 14 servings weekly

Whole grains® Moderate amounts (e.g. 1 serving daily)

can be part of a healthy diet

Unprocessed meats® Moderate amounts (e.g. 1 serving daily)

can be part of a healthy diet

What counts as a serving?

1/2 cup beans or lentils

1 oz, tree nuts or peanuts

3 oz. cooked (pack of cards size)

1 cup milk or yogurt; 1 V2 oz cheese

1 slice (40 g) bread; %2 medium (40 g) flat bread; 2 cup (75-120 g) cooked rice,
barley, buckwheat, semolina, polenta, bulgur or quinoa

3 oz. cooked red meat or poultry

*Amounts shown are based on intakes among people in the upper quintile category of the PURE Healthy Diet score (i.e. a diet score of 5 or higher).
PMedian daily intake values of food components in the overall PURE cohort are: Fruit, 145 g; vegetables, 250 g; legumes, 38 g; nuts, 9 g; fish, 12 g dairy, 113 g whole grains, 35 g and

unprocessed red meat or poultry, 58 g.

“When red meat or whole grains are included in the diet score in a sensitivity analysis, the findings were similar (neither stronger nor weaker) (Appendix 9), indicating that a
moderate amount of whole grains or unprocessed meats can be part of a healthy diet. To this end, a healthy diet can be achieved in a number of ways which does not

necessarily require either including or excluding any specific food category.

the world. By contrast, very little data exist on how the other diet
scores perform in low and middle income countries and in popula-
tions other than those from Western countries, apart from Japan.
The PURE diet score was predictive of outcomes in those with and
without vascular disease or diabetes and in all world regions.
However, the associations were significantly stronger in South Asia,
China, and Africa, regions where the PURE diet score is low. These
findings suggest that an inadequate level of consumption of key healthy
foods is a larger problem than over-consumption of some nutrients or
foods (such as saturated fats or whole-fat dairy and meats—all of
which are consumed in lower amounts with a lower diet score) for
mortality and CVD risk around the world. On this basis, given the
low intake of fats and especially saturated fat (i.e. whole-fat dairy)
among people with the lowest diet score (i.e. mean saturated fat intake
in the lowest quintile group of the diet score was only 6.3% of energy),
current targeted dietary guidance limiting the consumption of saturated
fat and dairy in many populations of the world may not be warranted.
Furthermore, if these associations are causal, it suggests that increasing
consumption of most natural foods including whole-fat dairy, together
with fruits, vegetables, nuts, legumes, and fish, in countries with lower
gross national incomes (where intakes are low partly due to cultural or
economic factors) would most likely produce important reductions in
CVD and death. This conclusion contrasts with the usual recommen-
dations from the Western guidelines which have largely focused on
avoiding over-nutrition or excess of foods including whole-dairy rather
than addressing the low intake of these foods.??

Comparison with other studies

Several studies have reported that higher diet quality, as assessed by the
HEI-2010, HEI-2015 and AHEI-2010 scores, a Mediterranean Diet
score, and the DASH score, when comparing the extremes of quintiles
or quartiles, was associated with a 10%—-20% lower risk of death from
any cause and a 20%-30% lower risk of CVD death.”~"® However,
these findings are mainly based on observational data from the USA,
Europe, and East Asia, but none from Africa, South America, Middle

East, or South Asia. These patterns all have in common an emphasis
on increased fruit, vegetables, legumes, nuts, whole grains, and fish,
with some differences in their focus on different types of fats and the
consumption of dairy or red meat. Our findings show that a similar diet-
ary pattern but which also includes dairy (consumed mostly as whole fat
dairy globally; i.e. 130.5 g/day out of 185.5 g/day of dairy consumed as
whole-fat among people in the highest diet score category; > 5 points)
may have favourable associations with health outcomes in a global
population. The PURE score showed slightly stronger associations
with events than most other diet scores but markedly stronger associa-
tions with events than the Planetary score. The Mediterranean and HEI
diet scores were the least restrictive, as they included higher amounts
of most foods that are included in the PURE score (including total
dairy), whereas the DASH diet score includes specifically low-fat dairy
consumption, which is probably less preferable to the inclusion of ‘total
dairy’ on a global basis. Each of these scores also included whole grains
which in several cohort studies showed favourable associations with
CVD events, but whole grains did not contribute to the PURE score’s
usefulness in predicting risk of CVD or death (see Supplementary data
online, Appendices S6, S10 and S9 and S17). Therefore including a mod-
erate amount of whole grains is optional for a healthy diet. We did not
include the AHEI-2010"" in our analyses as it includes alcohol as a com-
ponent in the score and reliable responses were not expected as alco-
hol consumption is prohibited in several countries. Additionally, recent
studies including PURE** have suggested limiting or eliminating alcohol
consumption. However, since the AHEI-2010 (which does not include
dairy) is similar to the HEI-2010 and HEI-2015 scores (which include
dairy—a food group associated with lower risk of death and CVD in
PURE,W), it would not be expected that the different versions of
AHEI or HEI would materially differ in predicting CVD or death. The
Planetary diet was the most restrictive, additionally recommending
less legumes. The DASH and Planetary diets were also higher in carbo-
hydrates and lower in fat (mainly from saturated fat). By contrast, a high
PURE score is compatible with an overall less restricted diet [56% of
energy from carbohydrates, 27% from fats (9% saturated and 15% un-
saturated) and 17% protein] that includes a variety of natural foods in
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A Total mortality (5631 events)
P for overall significance <0.0001
P for nonlinearity =0.567

Adjusted Total Mortality with PURE Dict Score

B  Major CVD (7205 events)

P for overall significance <0.0001
P for nonlinearity =0.0841

Adjusted Major CVD events with PURE Diet Score

C Composite of death or major CVD (9104 events). The graph below shows the same pattern as in PURE. A diet score lower than
about 4 is associated with higher CVD and deaths. This finding suggests that improving the diet score to about 4 or higher worldwide

is most important.

P for overall significance <0.0001
P for nonlinearity =0.1633

Adjusted Composite of death or major CVD withh PURE Diet Score
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Figure 5 Cubic splines for the association of the Prospective Urban Rural Epidemiology healthy diet score with A) total mortality, B) major CVD, and
C) composite of death or major CVD in those with previous vascular disease drawn from ONTARGET, TRANSCEND, and ORIGIN (n =43 834).

moderate amounts. A low PURE score includes very high amounts of
carbohydrates (~two-thirds of total energy), predominantly from re-
fined carbohydrates in the countries with lower income. Since not one
diet suits all individuals, and since there are cultural preferences for differ-
ent types of foods, dietary guidelines need to reflect these global varia-
tions. Further, given that different components of the healthy diet have
variable availability and costs in different countries (e.g. extra-virgin olive
oil and wine are consumed in very low amounts in many countries distant
from the Mediterranean region), a diet pattern that includes a variety of
healthy food choices may be more practical to meeting the needs of di-
verse populations globally than highly restrictive diets derived largely
from Western and East Asian populations. This also might help to ad-
dress the continuing large problem of under-nutrition in many countries
or the poorer segments of high-income countries.

Implications for nutrition policy

In recent years, major new dietary recommendations have been revised
to drop upper limits on total fat or dietary cholesterol, and a greater
focus has been placed on protective foods (and the accompanying
food matrix found in whole foods) and healthy diet patterns*°
Despite these changes, public purchasing choices, industry formula-
tions, and policy actions have not yet been updated with this newer evi-
dence. For example, the public and industry remain heavily focused on
low-fat foods and have avoided nuts as they are considered to be ‘en-
ergy dense’. Similarly, policy actions (e.g. front-of-package nutrition la-
bels in the UK seek, Chile’s black box warning labels, and recently
proposed warning labels in Canada) remain mainly focused on reducing
certain nutrients, such as fat, saturated fat, added sugar, and salt.*~*
These recommendations are similar to the World Health
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PURE Healthy Diet Score versus Events

Overall P |2 statistic for

N No. of HR (95%C1) .
Tota! events (%) per 20% heterogeneity
mortality increment
All 191,476 15,707 —e <0.0001
No prior CVD é 0
Prior CVD e (P=0.685)
Major CVD
All 191,476 15,406 - <0.0001
No prior CVD —~— 58.8
ok (P=0.119)
Prior CVD .
Composite
All 191,476 24,123 - <0.0001
No prior CVD —.— 0
Prior CVD g (P=0.493)
08 09 1.0 11

Hazard ratio (95% ClI)

Figure 6 Association of Prospective Urban Rural Epidemiology healthy diet score vs. Events in those with and without prior cardiovascular disease in
the four independent prospective studies (n = 191 476). Hazard ratios (95%) are per 20 percentile increment in the diet score. Hazard ratios (95% Cl)

are multivariable adjusted.

Organization’s recent proposed major focus on low-fat, low-saturated
fat diets.*? By contrast, there are almost no national or international
strategies and policies to increase a number of protective foods (e.g.
nuts, fish or dairy). Therefore, while the findings from PURE are largely
consistent with the nutrition science and modern dietary recommenda-
tions to focus on protective foods, the public’s understanding of healthy
eating and relevant global policies have not yet caught up to this science.

We found that the associations of diet scores with events are mark-
edly steeper at lower levels of the diet score (i.e. below the global me-
dian), largely represented by world regions with lower gross national
incomes (e.g. mean diet score of 2.1 in South Asia, 2.6 in Africa, and
3.1 in China). The substantially lower intake of key foods among those
with the lowest diet scores (i.e. people with scores in the lowest 20%) is
only partly compensated with higher intake of other foods in the diet
(i.e. higher rice and grains) and accompanied by markedly lower overall
energy intake (1700 kcal/day in the lowest quintile compared to 2600
kcal/day in the fifth quintile). Although FFQs are not precise tools to es-
timate energy intake, this large difference in energy consumption and
foods between those at the lowest and highest diet score category
may suggest that a significant proportion of deaths and vascular events
in adults around the world may be due to under-nutrition (i.e. a low in-
take of protective foods including dairy and low energy intake) rather
than over-nutrition, which would be contrary to some current beliefs.
This would also mean that recommendations to increase, decrease, or
not change intake of any given food or nutrient (e.g. dairy or fats) in the
population must consider the current level of intake of various foods in
a country and whether consumption of specific foods is low, high or op-
timal. This emphasizes the need for context specific policies and prior-
ities for different populations globally. Changes in food policies to
improve the availability and affordability of healthy natural foods are

needed, particularly in countries with lower income.°

Animal foods such as dairy products and meats are a major source of
saturated fats, which have been presumed to adversely affect blood li-
pids and increase CVD and mortality.**>">* However, recent data sug-
gest that the effects on lipids and BP are much more modest than
previously thought. While higher intake of saturated fats is associated
with slightly higher LDL cholesterol, it does not increase the atherogen-
ic particles such as small dense LDL or Apo B.>**° Further, recent re-
views of observational studies and our findings in PURE showed that
dairy foods, especially whole-fat dairy, may be protective against risk
of hypertension and metabolic syndrome."*>”*® These foods also con-
tain potentially beneficial compounds including quality protein, milk fat
globule phospholipids (mainly in whole-fat dairy), unsaturated and
branched-chain fats, and numerous vitamins and minerals.>® Our find-
ings show that intakes of dairy (up to 185 g/day; or ~two servings/
day, mainly from whole-fat dairy'”) can be included with other benefi-
cial foods as part of a healthy diet. It is noteworthy that when we in-
cluded red meat in the diet score in a sensitivity analysis, the findings
were similar (neither stronger nor weaker) (see Supplementary data
online, Appendix $10), in keeping with our finding of a neutral associ-
ation between red meat and CVD*’ and providing evidence that unpro-
cessed red meats are not a priority target for health to either avoid (as
strongly emphasized by the EAT-Lancet report) nor to include (as
strongly emphasized by ‘palec’ and ‘keto’ diets) in a healthy diet.
These findings are also in keeping with previous data from observational
1937260 \which allowed up to one daily serving of red meat in the
Mediterranean diet in Prevencién con Dieta Mediterranea and was as-
sociated with lower CVD and mortality.® [Similarly, as with red meat,
when whole grains are included in the diet score in a sensitivity analysis,
the findings were similar, indicating that a moderate amount of whole
grains can be part of a healthy diet (see Supplementary data online,
Appendix $10).] To this end, a diet score of 4 (i.e. the level at which

studies
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PURE Healthy Diet Score versus Composite Events

N Mean

Mo. of

HR (95%Cl) P for
diet events {%) per 20% e
Cou ntry score increment he[erogenelt}
income level
Low-income 33,420 2.2 4916 e <0.0001
Middle-income 105,130 3.0 11,375 -—
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Geographic
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Figure 7 Association of diet scores with composite of death or major cardiovascular disease, by country income region and geographic region in the
four prospective studies (n =191 476). Hazard ratios (95% Cl) are multivariable adjusted. The top panel (by country income level) shows that an in-
adequate intake of key foods is of greatest importance in the countries with lower gross national incomes.

most major gains in health are observed and beyond which there is mo-
dest additional health gain) can be achieved in a number of ways which
does not necessarily require either including or excluding animal foods
from the diet. For instance, vegetarians can reach a diet score of 4 by
consuming plenty of fruits, vegetables, legumes, nuts, whole grains,
and dairy foods. Conversely, non-vegetarians can achieve the same
score by consuming plenty of fruits, vegetables, and legumes together
with any one of dairy or fish, or even moderate amounts of red meat
or poultry. In populations globally and especially in disadvantaged popu-
lations, moderate amounts of whole-fat dairy are not harmful and can
be beneficial. The ideal diet for each population is likely one of variety
and moderation, which are characteristics of the PURE diet.

Strengths and limitations of this study

Our study is large and includes 244 597 people from 80 countries at dif-
ferent economic levels and from all inhabited continents of the world,
and so our results are globally applicable and can be adapted by differ-
ent regions based on available foods, taste and cultural preferences. The
diet score derived from the PURE study was replicated in five inde-
pendent studies with different designs and populations and was ob-
served within different groups of countries by income category. Our
analysis is based on 15 707 deaths and 17 878 Mls and 19 294 strokes.
Therefore our results are robust.

Our study has some potential limitations. First, diet (as in most large
epidemiologic studies) was self-reported and variations in reporting
might lead to random errors that could dilute real associations between
diet scores and clinical outcomes. Therefore, the beneficial effects of a
healthier diet may be larger than what we have estimated. In some of
the studies (e.g. ORIGIN), we have repeat measures of diet and

adjusting for regression dilution biases slightly strengthens the associa-
tions (see Supplementary data online, Appendix S18). Second, we did
not examine the role of individual types of fruits and vegetables as com-
ponents in the diet score, since the power to detect associations of the
different types of fruits and vegetables vs. CVD or mortality is low (i.e.
given that the number of events per type of fruit and vegetable was rela-
tively low). Recent evidence suggests that bioactive compounds and, in
particular, polyphenols which are found in certain fruit or vegetables
(e.g. berries, spinach, and beans) may be especially protective against
CVD.®" Future work is needed to sort out what proportion of fruit
and vegetable-related health benefits are driven by delivering dietary
polyphenols or other nutrients. Third, in observational studies, the pos-
sibility of residual confounding from unmeasured or imprecise meas-
urement of covariates cannot be completely ruled out—especially
given that the differences in risk of clinical events is modest (~10%—
20% relative differences). Ideally, large randomized trials are essential
to definitively clarify the clinical impact on events of a policy of propos-
ing a dietary pattern in populations. While such trials are difficult and
expensive to conduct, they are justifiable given the important public
health impact of clarifying the health effects of diet (an essential expos-
ure globally). Fourth, the use of the median intake of each food compo-
nent as a cut-off in the scoring scheme for each diet may not reflect the
full range of consumption or provide a meaningful indicator of con-
sumption associated with the disease. However, the use of quintiles in-
stead of medians within each study or within each region yielded the
same results indicating the robustness of our findings. Fifth, the level
of intake to meet the cut-off threshold for each food group in the
diet score may differ between countries. However, in sensitivity ana-
lyses where we used region-specific median cut-offs to classify partici-
pants on each component of the diet score, the results were similar
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to using the overall cohort median of each food component. Further,
with unprocessed red meat and whole grains included or excluded
from the diet score in these sensitivity analyses, the results were again
similar (see Supplementary data online, Appendix S10). Sixth, misclassi-
fication of exposures cannot be ruled out as we did not have repeat
measures of diet in all studies and a full length FFQ was used only in
PURE. However, the ORIGIN study in which we conducted repeat
diet assessments at 2 years showed similar results based on the first
vs. second diet assessments. This indicates that misclassification of diet-
ary intake during follow-up was not sufficiently of major concern to
undermine our findings (see Supplementary data online, Appendix
$19). Lastly, one unique aspect of the study is the focus on only protect-
ive foods, i.e. a dietary pattern score that highlights what is missing from
the food supply, especially in poorer world regions, but this does not
negate the importance of limiting the consumption of harmful foods
such as highly processed foods.®? While the PURE diet score had signifi-
cantly stronger associations with events than other diet scores, the HRs
were only slightly larger for PURE than for most other diet scores.
However, the Planetary score was the least predictive of events. Our
analyses provide empirical evidence that all diet scores (other than
the Planetary diet score) are of value to predict death or CVD globally
and in all regions of the world.

Conclusions

Consumption of a diet comprised of higher amounts of fruits, vegeta-
bles, nuts, legumes, and a moderate amount of fish and whole-fat dairy
is associated with a lower risk of CVD and mortality in all world regions,
but especially in countries with lower income where consumption of
these natural foods is low. Similar associations were found with the in-
clusion of meat or whole grain consumption in the diet score (in the
ranges common in the six studies that we included). Our findings indi-
cate that the risks of deaths and vascular events in adults globally are
higher with inadequate intake of protective foods.
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