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ABSTRACT

Background: The association of nuts with cardiovascular disease
and deaths has been investigated mostly in Europe, the USA, and
East Asia, with few data available from other regions of the world or
from low- and middle-income countries.

Objective: To assess the association of nuts with mortality and
cardiovascular disease (CVD).

Methods: The Prospective Urban Rural Epidemiology study is a
large multinational prospective cohort study of adults aged 35-70
y from 16 low-, middle-, and high-income countries on 5 continents.
Nut intake (tree nuts and ground nuts) was measured at the baseline
visit, using country-specific validated FFQs. The primary outcome
was a composite of mortality or major cardiovascular event [nonfatal
myocardial infarction (MI), stroke, or heart failure].

Results: We followed 124,329 participants (age = 50.7 y, SD = 10.2;
41.5% male) for a median of 9.5 y. We recorded 10,928 com-
posite events [deaths (n = 8,662) or major cardiovascular events
(n = 5,979)]. Higher nut intake (>120 g per wk compared with <30
g per mo) was associated with a lower risk of the primary composite
outcome of mortality or major cardiovascular event [multivariate
HR (mvHR): 0.88; 95% CI: 0.80, 0.96; P-trend = 0.0048].
Significant reductions in total (mvHR: 0.77; 95% CI: 0.69, 0.87; P-
trend <0.0001), cardiovascular (mvHR: 0.72; 95% CI: 0.56, 0.92; P-
trend = 0.048), and noncardiovascular mortality (mvHR: 0.82; 95%

CI: 0.70, 0.96; P-trend = 0.0046) with a trend to reduced cancer
mortality (mvHR: 0.81; 95% CI: 0.65, 1.00; P-trend = 0.081) were
observed. No significant associations of nuts were seen with major
CVD (mvHR: 0.91; 95% CI: 0.81, 1.02; P-trend = 0.14), stroke
(mvHR: 0.98; 95% CI: 0.84, 1.14; P-trend = 0.76), or MI (mvHR:
0.86; 95% CI: 0.72, 1.04; P-trend = 0.29).

Conclusions: Higher nut intake was associated with lower mortality
risk from both cardiovascular and noncardiovascular causes in
low-, middle-, and high-income countries. =~ Am J Clin Nutr
2020;112:208-219.

Keywords: nuts, mortality, cardiovascular disease, prospective
cohort, global health

Introduction

Diet is an important modifiable risk factor for cardiovascular
and other noncommunicable diseases. Many guidelines recom-
mend a low-fat diet (<30% of energy) and replacing SFAs with
unsaturated fatty acids (1, 2). Several prospective cohort studies
found that diets replacing fat with carbohydrate are not associated
with lower cardiovascular disease (CVD) risk (3-5), whereas
diets that replace saturated fat or carbohydrate with unsaturated
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fat or plant protein are associated with improvements in LDL
cholesterol and HDL cholesterol and lower risk of CVD (5, 6).
Nuts are good sources of fatty acids (predominantly unsaturated),
fiber, plant protein, and minerals (notably magnesium and potas-
sium) and contain bioactive compounds, such as polyphenols,
tocopherols, phytosterols, and phenolics (7-9).

Meta-analyses of prospective cohort studies found that nut
consumption is associated with a lower risk of CVD events and
mortality (10-13). Most of these cohort studies were conducted
in Europe and the USA, with limited information from other
parts of the world with varying background diets and types
of nuts consumed. The primary aims of this study were to
assess the associations of nut intake with major CVD events and
mortality in 124,329 participants in a prospective cohort study of
high-, middle-, and low-income countries with a wide range of
nut intake. We also examined associations between individual
types of nuts with outcome events, and whether nut intake is
associated with major CVD risk markers.
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Methods

Study design and participants

The design and methods of the Prospective Urban Rural
Epidemiology (PURE) study have been described previously
(5, 14, 15). This prospective cohort study has enrolled 148,105
individuals aged 35-70 y in 21 low-, middle- and high-
income countries between 1 January, 2003, and 3 July, 2019:
Argentina, Bangladesh, Brazil, Canada, Chile, China, Colombia,
India, Iran, Malaysia, occupied Palestine territory, Pakistan,
the Philippines, Poland, South Africa, Saudi Arabia, Sweden,
Tanzania, Turkey, United Arab Emirates, and Zimbabwe. We
collected data at community, household, and individual levels
with standardized questionnaires and case-report forms to record
data on major cardiovascular events and mortality during
follow-up.

The final baseline population for the analyses excluded
participants from 5 countries where the FFQ did not ask about
nut intake (n = 22,927 from Colombia, Chile, Malaysia,
Pakistan, and the Philippines). We also excluded participants with
missing or implausible FFQ data (<500 or >5000 kcal/d). For
analyses of mortality we included 124,329 participants aged 50.5
y (SD = 10.0) from 16 countries; for the composite outcome
of mortality and major CVD, as well as cardiovascular events,
we excluded those with CVD [nonfatal myocardial infarction
(MI), stroke, or heart failure; n = 10,866] at baseline, leaving
113,463 (Online Supporting Material, Supplementary Figure
1). Event definitions and adjudication processes have been pub-
lished previously (Online Supporting Material, Supplementary
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Table 1) (16, 17). The Population Health Research Institute,
Hamilton Health Sciences (Hamilton, Ontario, Canada) coordi-
nated the study.

Ethics

The study was approved by the ethics committee at each
participating center and at Hamilton Health Sciences, Hamilton,
Ontario, Canada (see the Online Supporting Material for a list).
All the participants provided written informed consent.

Assessment of diet

We recorded participants’ habitual food intake at the baseline
visit, using validated country-specific (region-specific in India)
FFQs. For countries where a validated FFQ was not available, we
developed and validated FFQs. These studies are described and
referenced in Supplementary Table 2. Participants were asked
“during the past year, on average, how often have you consumed
the following foods or drinks” and the list of food items was
given. For almost all countries, FFQs had the same format and
frequencies of consumption (9 categories from “never” to “>6
times/d”).

Exposure categories

Consumption of almonds, peanuts, walnuts, cashews, pis-
tachios, hazelnuts, and chestnuts [which together account for
99.5% of global nut consumption (18)] and unspecified “other”
or “mixed” nuts were assessed. Total nut intake was grouped as:
<30 g per month, 30 g per month to <30 g per week, 30 g per
week to <120 g per week, and > 120 g per week. We chose these
groupings to enhance comparability of our results with previous
prospective studies (19-22).

Clinical outcomes

We included all outcome events known to us through to 3
July, 2019. We used standardized case-report forms to capture
data on major cardiovascular events and death during follow-
up, which were adjudicated centrally in each country by trained
physicians using standardized definitions (Supplementary Table
1). To enhance comparability with other reports on single foods
and nutrients in PURE, we chose a primary outcome which was
a composite of mortality and major cardiovascular events [death
from cardiovascular causes and nonfatal myocardial infarction
(MI), stroke, and heart failure]. Secondary outcomes were mor-
tality, MI, stroke, cardiovascular mortality, noncardiovascular
mortality, and cancer mortality; and concentration of blood
lipids [fasting total cholesterol (TC), LDL cholesterol, HDL
cholesterol, triglycerides (TG), apo-A1, and apo-B], systolic and
diastolic blood pressure, and fasting glucose.

Blood lipids

Study staff drew fasting blood samples (20 mL) from 95,852
participants. All participants were instructed not to have anything
to eat or drink after 23:59 the evening prior to blood collection.
When they arrived for blood collection (typically at 08:00 local

time), they were asked whether they had adhered to this. The
samples were frozen immediately at —20°C or —70°C after
processing, and serum samples were shipped in nitrogen vapor
tanks by courier from every site to a blood storage site, where they
were stored at —160°C in nitrogen vapor (Hamilton, ON, Canada)
or at —70°C (China, India, and Turkey). We analyzed blood
samples for TC, LDL cholesterol, HDL cholesterol, TG, apo-Al,
and apo-B in the Clinical Research and Clinical Trials Laboratory
at Hamilton General Hospital (Hamilton, ON, Canada). Blood
samples from China, India, and Turkey were analyzed in a
central laboratory in each country after standardization with the
laboratory in Hamilton (23).

Blood pressure

Blood pressure was recorded twice after 5 min of rest in a
sitting position using an Omron automatic digital monitor (BP742
OMRON Healthcare Manufacturing Vietnam Co., Ltd.). We used
the average of these measurements as the outcome.

Statistics

We calculated HRs using the Cox frailty model with random
intercepts to account for center clustering (which also adjusts
for region and country) (24). We present estimates of HRs
and 95% Cls for categories of nuts, and per 30-g serving/d,
adjusted for multiple confounding variables (mvHR). To test
for trends across categories of nut intake, we used the score
test of a linear association between a 1-category increase in
nuts and risk (P-trend). The associations of nuts with mortality
and the composite which included CVD were compared in the
following subgroups: /) high versus low nut-consuming regions;
2) high versus low urinary sodium excretion; 3) across global
regions (Europe/North America, South America, Africa, Middle
East, South Asia, Southeast Asia, and China); 4) higher versus
lower carbohydrate intake; and 5) type of nuts consumed (tree
nuts compared with ground nuts; and specific associations of
almonds, cashews, chestnuts, hazelnuts, peanuts, pistachio nuts,
and walnuts). We performed 2 sensitvity analyses to assess the
robustness of our findings: 1) we excluded those with CVD (or
cancer for the cancer outcome) or diabetes at baseline; and 2)
we also excluded those who experienced the outcome of interest
during the first 2 y of follow-up.

For each participant, follow-up time accrued from the day of
return of the baseline questionnaire and ended on the day of
diagnosis of an event, or the end of the study period, whichever
occurred first. Data collection across the PURE countries is
ongoing, thus the dataset we used for the present analyses
includes all outcome events known to us through to 3 July,
2019. For multivariate analyses, mvHR were adjusted for location
(urban compared with rural), age (continuous), sex, education
[categorized as none or primary school (first 6 y), secondary
school (7 to 11 y) and college, trade school, or university
(> 11 y)], smoking (categorized as never, former, or current
smoker), BMI (weight in kg divided by height in meters,
squared; continuous), waist-to-hip ratio (cm/cm, continuous),
physical activity [categorized based on the metabolic equivalent
of task (MET) per minute per week as low (<600 MET-
min per week), moderate (600-3000 MET-min per week), or
high (>3000 MET-min per week) activity], family history of
CVD, diabetes, or cancer; and other dietary factors [fish, fruits,
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TABLE 1 Characteristics of the study participants at enrollment by frequency of nut consumption

30 g per month 30 g per week

Characteristic <30 g per month to <30 g per week to <120 g per week ~ >120 g per week Overall P-trend'
No. of participants? 55,770 (44.9) 23,405 (18.8) 30,353 (24.4) 14,801 (11.9) 124,329 —
Nuts,? g/d 0.1£03 24409 9.0+37 35.0+21.4 6.4+ 13.0 <0.0001
Age’y 50.7 £10.2 50.2+£9.8 50.1 £9.7 50.4£9.9 50.5 +10.0 <0.0001
BMI,? kg/m? 257455 252 +5.1 25.6+£53 26.3 £5.20 256 +£5.3 0.0004
Waist-to-hip ratio,> cm/cm

M 0.91 £+ 0.08 0.91 4+ 0.08 0.91 4+ 0.08 0.91 +0.07 0.91 £+ 0.08 0.034

F 0.85 + 0.08 0.83 +0.08 0.83 +0.08 0.83 +0.08 0.84 £ 0.08 <0.0001
Male? 23,162 (41.5) 9640 (41.2) 13,528 (44.6) 6370 (43.0) 52,700 (42.4) <0.0001
Urban? 27,655 (49.6) 11,735 (50.1) 17,504 (57.7) 9182 (62.0) 66,076 (53.2) <0.0001
Current smoker? 12,371 (22.4) 5016 (21.7) 6231 (20.7) 2460 (16.7) 26,078 (21.2) <0.0001
Consume alcohol,? yes 13,558 (26.6) 7530 (33.5) 10,395 (40.2) 5067 (42.9) 36,550 (32.9) <0.0001
Hypertension? 18,201 (33.7) 6293 (27.7) 8007 (27.2) 3830 (27.3) 36,331 (30.2) <0.0001
Diabetes’ 4699 (8.4) 1510 (6.5) 2161 (7.1) 1254 (8.5) 9624 (7.8) <0.0001
Family history of CVD? 14,956 (29.0) 6857 (34.2) 10,301 (39.3) 5301 (38.6) 37,415 (33.8) <0.0001
Family history of diabetes? 10,402 (20.5) 4500 (22.5) 6762 (25.8) 3822 (27.8) 25,486 (23.0) <0.0001
Family history of cancer? 8525 (16.9) 4356 (21.8) 6201 (23.7) 3044 (22.2) 22,126 (20.0) <0.0001
Region? <0.0001

Europe/North America 2718 (4.9) 3322 (14.2) 6496 (21.4) 3249 (22.0) 15,785 (12.7)

South America 9.657 (17.3) 2457 (10.5) 1011 (3.3) 233 (1.6) 13,358 (10.7)

Africa 3368 (6.0) 599 (2.6) 1201 (4.0) 1120 (7.6) 6,288 (5.0)

Middle East 4080 (7.3) 1711 (7.3) 5002 (16.5) 3544 (23.9) 14,337 (11.5)

South Asia 14,438 (25.9) 6203 (26.5) 6797 (22.4) 1561 (10.6) 28,999 (23.3)

China 21,509 (38.6) 9113 (38.9 9846 + 32.4 5094 (34.4) 45,562 (36.7)
Energy intake,’ kcal 1960 + 744 2026 + 727 2200 £ 755 2639 + 840 2112 £+ 786 <0.0001
Energy from carbohydrate,’ % 624+ 124 632+ 12.0 60.8 £ 11.1 559+£92 61.4+£11.8 <0.0001
Fibre,? g/d 20+ 13 19+ 12 24 £15 33+19 23+ 15 <0.0001
Energy from fat,> % 222 £ 10.1 21.8+£9.3 242+ 88 289 +7.5 23.449.6 <0.0001

Saturated fat,® % 8.0+4.6 8.0+t4.5 8.1+4.0 8.6£33 8.1+43 <0.0001

Monounsaturated fat,> % 74+3.6 73+34 83+35 103 +3.6 79437 <0.0001

Polyunsaturated fat,® % 4.64+32 4.64+23 55+23 75+3.0 52+3.0 <0.0001
Energy from protein,® % 150+£338 147+£35 15.1£34 16.0 £3.2 15.1£3.6 <0.0001
Dietary cholesterol,® mg/d 293 + 277 260 £ 187 293 4205 357 £225 295 4241 <0.0001
Fish,* g/d 6.0 (20.2) 9.7 (27.3) 11.8 (27.3) 20.1 (44.9) 9.4 (26.3) <0.0001
Fruits,* g/d 92.7 (170.8) 102.7 (193.8) 168.3 (278.0) 272.4 (364.0) 124.7 (240.9) <0.0001
Vegetables,* g/d 222.7 (157.6) 250.0 (145.6) 250.8 (140.0) 257.1 (186.3) 250.0 (142.9) <0.0001
Red and processed meat,* g/d 30.0 (79.7) 35.7 (66.6) 46.1 (75.3) 64.9 (83.7) 40.0 (79.0) <0.0001
Legumes,* g/d 30.0 (67.9) 40.1 (69.2) 42.9 (64.9) 50.1 (72.9) 39.0 (69.7) <0.0001
Almonds,* g/d 0.0 (0.0) 0.3 (0.5) 0.7 (1.4) 4.0 (5.9) 0.6 (2.4) <0.0001
Chestnuts,* g/d 0.0 (0.0) 0.4 (0.7) 1.5(2.7) 3.4(6.2) 0.8 (2.7) <0.0001
Cashew,* g/d 0.0 (0.0) 0.3 (1.0) 1.0 (1.8) 6.3 (8.5) 23(5.7) <0.0001
Hazelnut,* g/d 0.0 (0.1) 0.4 (0.7) 0.7 (1.7) 44(1.7) 1.1 (3.7) <0.0001
Peanuts,* g/d 0.1(0.2) 1.5(1.2) 4.5 4.4) 17.6 (17.5) 33(8.2) <0.0001
Pistachio,* g/d 0.0 (0.2) 0.4 (0.6) 1.0 (1.5) 4.6(6.2) 1.5 (3.5) <0.0001
Walnuts,* g/d 0.0 (0.1) 0.5 (0.8) 2.7(3.8) 10.9 (14.7) 1.9 (6.1) <0.0001

ITo test for trend across categories of nut intake, we used the score test of a linear association between a 1-category increase in nuts and the continuous
risk factor (P-trend); we used the Cochran-Mantel-Haenszel test of association between a 1-category increase in nuts and the distribution of the categorical

risk factor (P-trend).
2Presented as count (%).
3Presented as mean =+ SD.
4Presented as median (IQR).
CVD, cardiovascular disease.

vegetables, red/processed meat, legumes (in g/d), and total energy
intake (kcal/d)], using the complete-case method for covariates.
Participants lost to follow-up contributed person-time through
their final contact. We did not adjust for diabetes or hypertension
in our models because the impact of nuts on mortality or CVD
might occur through these risk factors.

We assessed the cross-sectional association of nut intake with
blood lipids and glucose using a linear mixed-effects model

(with a random effect for center), across the same categories
of nut intake as described for clinical events (above), and per
30-g serving/d. Additional adjustments were made for use of
antihypertensive medications (for the association of nuts with
blood pressure), lipid-lowering medications (for the association
of nuts with TC, LDL cholesterol, HDL cholesterol, TC:HDL
cholesterol, and TG), and antidiabetic medications (for the
association of nuts with glucose).



212

Results

Over a median of 9.5 y (IQR: 8.0, 11.1), we documented
8662 deaths (including 2039 from CVD and 4949 from non-
cardiovascular causes), 10,928 composite events (deaths and
CVD), and 5979 major CVD cases, (including 2915 strokes and
2559 MIs).

Table 1 presents participant characteristics by category
of baseline nut intake. Overall, 55,770 participants (44.9%)
consumed <30 g nuts per month, and 14,801 (11.9%) consumed
> 120 g per week. Higher nut consumers were younger, had a
marginally higher BMI and lower waist-to-hip ratio; and were
more likely to be male, live in an urban area, and have a family
history of CVD, diabetes, or cancer, and less likely to be a
current smoker or have hypertension. Greater nut consumption
was associated with a higher intake of energy, fibre, cholesterol,
and percent of energy from fat and protein, and a lower percent
of energy from carbohydrate.

UAE, Zimbabwe, Iran, Canada, Poland, Turkey, Tanzania,
and Palestine were high nut-consuming countries, where 64.5%
of participants consumed >30 g of nuts/wk, and the median
nut intake was 7.4 g/d (IQR: 2.0, 17.6 g). India, China, South
Africa, Brazil, Sweden, Argentina, Bangladesh, and Saudi Arabia
were low nut-consuming countries where 51.7% of participants
consumed <30 g of nuts per month, and the median nut intake
was 1.0 g/d IQR: 0.0, 4.9 g) (Supplementary Tables 3 and 4).

Clinical outcomes

A higher intake of nuts (>120 g per week compared with <30
g per month) was associated with a lower risk of the composite
outcome (mvHR: 0.88; 95% CI: 0.80, 0.96; P-trend = 0.0048
or 0.90; 95% CI: 0.84, 0.97 per 30 g), mortality (mvHR: 0.77;
95% CI: 0.69, 0.87; P-trend <0.0001 or 0.85;95% CI: 0.78, 0.93
per 30 g), cardiovascular mortality (mvHR: 0.72; 95% CI: 0.56,
0.92; P-trend = 0.048 or 0.82; 95% CI: 0.69, 0.99 per 30 g), and
noncardiovascular mortality (mvHR: 0.82; 95% CI: 0.70, 0.96;
P-trend = 0.0046 or 0.88; 95% CI: 0.78, 1.00 per 30 g). There
was a trend towards a lower risk of cancer mortality (mvHR: 0.81;
95% CI: 0.65, 1.00; P-trend = 0.081). No significant associations
of nuts were seen with major CVD (mvHR: 0.91; 95% CI: 0.81,
1.02; P-trend = 0.14 or 0.91; 95% CI: 0.84, 0.99 per 30 g), stroke
(mvHR: 0.98; 95% CI: 0.84, 1.14; P-trend = 0.76 or 0.93; 95%
CI: 0.84, 1.04 per 30 g), or MI (mvHR: 0.86; 95% CI: 0.72, 1.04;
P-trend = 0.29 or 0.92; 95% CI: 0.81, 1.07 per 30 g) (Figure 1
and Table 2, Supplementary Tables 5-7).

Risk factors

Higher nut consumption was associated with lower systolic
blood pressure (SBP), diastolic blood pressure (DBP), and HDL
cholesterol:LDL cholesterol ratio; and small increases in TC,
HDL cholesterol, and LDL cholesterol, after adjustment for the
same factors as for the clinical outcomes, as well as use of
antihypertensives, cholesterol medications, or oral hypoglycemic
medications (Table 3).

Sensitivity analyses

Associations of nuts with outcomes were not altered when
we excluded participants experiencing the event in the first 2 y
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of follow-up, when we excluded those with CVD or diabetes at
baseline who experienced the event within the first 2 y of follow-
up, or both (Supplementary Tables 8 and 9; Figure 2), or when
we used 2 different approaches to handle missing covariate data
(Supplementary Tables 10 and 11).

Subgroup analyses

Associations were stable across geographic regions, between
high and low nut-consuming countries, and between high and
low carbohydrate-consuming countries; between those with and
without diabetes or hypertension; and across levels of urinary
sodium excretion and BMI (Figure 3; Supplementary Tables
12-18).

Analyses by type of nut

The associations between tree nuts (almonds, cashews, chest-
nuts, hazelnuts, pistachios, walnuts, kweme, and nut clusters)
and ground nuts (peanuts and ground nuts) and the composite
outcome (Pererogenciry = 0.008; I? = 85.8%; data not shown) and
mortality (Ppererogeneiry = 0.08; I? = 67%; Figure 3; Supplemen-
tary Tables 19 and 20) were heterogeneous. Tree nuts were
associated with a decreased risk of mortality (mvHR: 0.75; 95%
CI: 0.61, 0.93; P-trend <0.0001 or 0.75; 95% CI: 0.62, 0.89 per
30 g), and the composite outcome (mvHR: 0.83; 95% CI: 0.70,
0.99; P-trend = 0.021), whereas ground nuts (including peanuts)
were associated with a nonsignificant trend towards a lower risk
of mortality (mvHR: 0.86; 95% CI: 0.70, 1.03; P-trend = 0.068 or
0.92; 95% CI: 0.80, 1.06 per 30 g) but not the composite outcome
(mvHR: 0.96; 95% CI: 0.83, 1.11; P-trend = 0.90 or 0.99; 95%
CI: 0.89, 1.10 per 30 g). There was no evidence of statistical
heterogeneity for the associations of different nut types with mor-
tality (Phererogeneiry = 0.38; I? = 6%) (Figure 3; Supplementary
Table 21).

Discussion

In alarge, global, prospective cohort study with 9.5 y of follow-
up, nut consumption is associated with a lower risk of total and
cardiovascular mortality after adjustment for lifestyle and dietary
factors. We observed no significant association with MI or stroke.
The findings are robust and change little with adjustment for
potential confounding variables.

Our results agree with previous observational studies of nuts
and mortality, mainly in North America and Europe, which report
lower RRs with higher nut consumption ranging from 11 to 50%
(12, 22,25-31). A meta-analysis of these studies (n = 277,432
participants and 49,232 deaths) for mortality, found a pooled
RR of 0.81 (95% CI: 0.77, 0.85) ( 10). Another dose-response
meta-analysis of studies from mostly high- and middle-income
countries (USA and Europe) found pooled RRs of 0.71 for
coronary artery disease (CAD) , 0.93 for stroke, 0.79 for CVD,
0.85 for cancer, and 0.78 for mortality (per 28 g/d). Our study
independently confirms the lower risk of death associated with
higher nut intake, in a population derived from different countries
and different continents of the world where patterns of diet vary
considerably.

Several nutrients in nuts may contribute to the association with
reduced mortality. Almost 80% of energy from nuts comes from
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Outcome # Events (%)
Composite

< 30 g per month

30 g per month to < 30 g per week
30 g per week to < 120 g per week
=120 g per week

5375 (10.6%)
2134 (9.9%)
2459 (8.8%)
960 (7.2%)

Mortality

< 30 g per month

30 g per month to < 30 g per week
30 g per week to < 120 g per week
=120 g per week

4455 (8.0%)
1690 (7.3%)
1863 (6.2%)
654 (4.5%)

Cardiovascular mortality

< 30 g per month

30 g per month to < 30 g per week
30 g per week to < 120 g per week

1097 (2.2%)
393 (1.8%)
408 (1.5%)

HR (95% Cl)

l 1.00 (1.00, 1.00)
— 0.96 (0.90, 1.03)
0.95 (0.89, 1.02)
0.88 (0.80, 0.96)

P-trend = 0.0048

[ ] 1.00 (1.00, 1.00)
0.89 (0.83, 0.97)
0.89 (0.82, 0.96)
0.77 (0.69, 0.87)

P-trend <0.0001

1.00 (1.00, 1.00)
1.01 (0.87, 1.19)
0.96 (0.82, 1.13)

=120 g per week 141 (1.1%)
Noncardiovascular mortality

< 30 g per month

30 g per month to < 30 g per week
30 g per week to < 120 g per week
=120 g per week

2431 (4.8%)
1020 (4.7%)
1122 (4.0%)
376 (2.8%)

Cancer mortality
< 30 g per month
30 g per month to < 30 g per week
30 g per week to < 120 g per week

892 (1.6%)
336 (1.5%)
398 (1.3%)

0.72 (0.56, 0.92)

P-trend = 0.048

1.00 (1.00, 1.00)
0.87 (0.78, 0.96)
0.90 (0.80, 1.00)

0.82 (0.70, 0.96)
P-trend = 0.0046
1.00 (1.00, 1.00)

0.91 (0.79, 1.06)
0.95 (0.82, 1.10)

=120 g per week 142 (1.0%)
Major CVD

< 30 g per month

30 g per month to < 30 g per week
30 g per week to < 120 g per week
=120 g per week

2944 (5.8%)
1114 (5.1%)
1337 (4.8%)
584 (4.3%)

Stroke

< 30 g per month

30 g per month to < 30 g per week
30 g per week to < 120 g per week
=120 g per week

1409 (2.8%)
554 (2.6%)
647 (2.3%)
305 (2.3%)

Myocardial infarction

< 30 g per month

30 g per month to < 30 g per week
30 g per week to < 120 g per week
=120 g per week

1300 (2.6%)
452 (2.1%)
577 (2.1%)
230 (1.7%)

= 0.81 (0.65, 1.00)
P-trend = 0.081

1.00 (1.00, 1.00)
1.02 (0.94, 1.11)
0.98 (0.90, 1.06)
0.91 (0.81, 1.02)

P-trend =0.14

1.00 (1.00, 1.00)
1.03 (0.91, 1.16)
0.99 (0.88, 1.11)
0.98 (0.84, 1.14)

P-trend = 0.76

1.00 (1.00, 1.00)
0.97 (0.85, 1.12)
0.99 (0.87, 1.13)
i 0.86 (0.72, 1.04)

P-trend = 0.29

0.5

e

1.5

mvHR

FIGURE 1 Association of highest (> 120 g/wk) compared with lowest (<30 g/mo) nut consumption with clinical outcomes. Models adjusted for follow-up
time plus age, sex, location (urban/rural), and center (as a random effect); lifestyle factors (education, tobacco use, BMI, waist-to-hip ratio, and physical activity,
family history of CVD, diabetes, and cancer); and diet factors (fish, fruits, vegetables, red/processed meat, legumes, and total energy). CVD, cardiovascular

disease; mvHR, multivariable HR.

fat (32), but most nuts are low in saturated fat (4—16%) and
contain no trans fat. Both monounsaturated and polyunsaturated
fat (Supplementary Table 22) may have beneficial effects on
inflammation, LDL cholesterol, and the LDL cholesterol: HDL
cholesterol ratio, TG, and blood pressure; and are inversely
associated with CVD outcomes (5, 7, 23, 33-36). In addition,
nut consumption may displace the intake of less healthy foods

such as highly refined sugars and starches, reducing the glycemic
load (37), which has been linked with increased CVD, a major
contributor to mortality (38). In our study, we found modest
associations with lower levels of CVD risk factors, which may
partially explain the lack of association with CVD and the
failure to replicate findings of previous cohort studies, which
have shown protective associations of nuts with CHD and CVD
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TABLE 3 Cross-sectional (baseline) associations of nut consumption with cardiovascular disease risk factors

30 g per month 30 g per week >120 g per
<30 gpermonth  to <30 g per week  to <120 g per week week Overall

Characteristic (n = 42,159)! (n = 18,869)! (n=123,919)! (n =10,905)! (n =95,852)! P-trend?
SBP,> mmHg 154.74 (0.99) 154.32 (0.99) 153.92 (0.99) 153.84 (1.00) 154.20 (0.49) <0.0001
SBP,*mmHg, no hypertension 122.51 (0.54) 122.32 (0.54) 122.24 (0.55) 121.89 (0.56) 122.24 (0.27) 0.0011
DBP,;*> mmHg 93.26 (0.69) 93.33 (0.69) 93.14 (0.69) 92.96 (0.69) 93.17 (0.34) 0.0432
DBP, mmHg, no hypertension 77.72 (0.41) 77.84 (0.41) 77.84 (0.41) 77.44 (0.42) 77.71 (0.21) 0.29
Total cholesterol,> mmol/L 3.92(0.17) 4.02(0.17) 3.99 (0.17) 3.94 (0.17) 3.97 (0.08) 0.0027
HDL cholesterol,> mmol/L 0.98 (0.04) 1.00 (0.04) 0.99 (0.04) 0.99 (0.04) 0.99 (0.02) 0.0279
LDL cholesterol,> mmol/L 2.30(0.11) 2.36 (0.11) 2.34(0.11) 2.31(0.11) 2.33 (0.05) 0.024
Triglycerides,” mmol/L 1.91 (0.05) 1.92 (0.05) 1.92 (0.05) 1.90 (0.05) 1.91 (0.03) 0.72
TC:HDL? 4.25(0.07) 4.26 (0.07) 4.27(0.07) 4.24(0.07) 4.26 (0.03) 0.56
HDL:LDL? 0.430 (0.008) 0.431 (0.008) 0.425 (0.008) 0.427 (0.008) 0.430 (0.005) 0.007
Apo-A,®> mg/dL 0.14 (0.08) 0.15 (0.08) 0.14 (0.08) 0.15 (0.08) 0.15 (0.04) 0.67
Apo-B,> mg/dL 0.10 (0.06) 0.10 (0.06) 0.10 (0.06) 0.11 (0.06) 0.10 (0.03) 0.29
Apo-B:apo-A’ 0.67 (0.05) 0.66 (0.05) 0.67 (0.05) 0.66 (0.05) 0.67 (0.03) 0.49
Glucose,® mmol/L 6.87 (0.07) 6.90 (0.07) 6.89 (0.07) 6.92 (0.07) 6.89 (0.04) 0.008
Glucose, mmol/L,” no diabetes 5.63 (0.09) 5.65 (0.09) 5.64 (0.09) 5.66 (0.08) 5.64 (0.04) 0.11

IPresented as mean (SE), adjusted for age, sex, location (urban/rural), and center (as a random effect); lifestyle factors (education, tobacco use, BMI,
waist-to-hip ratio, and physical activity, family history of CVD, diabetes, and cancer), diet factors (fish, fruits, vegetables, red/processed meat, legumes, and

total energy).
2Tests of trend assessed with generalized linear models.
3 Additionally adjusted for use of antihypertensives.
“n = 60,072 without hypertension.
5 Additionally adjusted for use of cholesterol medications.
% Additionally adjusted for use of oral hypoglycemic medications.
Tn = 70,629 without diabetes.

DBP, diastolic blood pressure; SBP, systolic blood pressure; TC, total cholesterol.

(13). Differences in the predominant types of nuts consumed
across countries, background CVD risk, and risk factors may also
explain this (10).

We found that nut consumption was not associated with
reduced risk of stroke. Previous cohort studies in European and
US adults indicate that nut consumption is not associated with a
reduced risk of total (13), ischemic (29, 39-43), or hemorrhagic
(29, 39-41) stroke. In 134,265 participants in the Shanghai
Women'’s Health Study (SWHS) and the Shanghai Men’s Health
Study (SMHS), a low intake of peanuts (median intake, 10.1
g/wk in men and 5.0 g/wk in women) was associated with
a lower risk of ischemic (HR, 0.77; 95% CI: 0.60, 1.00 for
the highest compared with lowest quintile of nut intake) and
hemorrhagic stroke (HR, 0.77; 95% CI: 0.60, 0.99) (29). Our
data from PURE China (n = 1662 strokes in 39,361 individuals)
showed no association between total nuts (mvHR: 0.97; 95% CI.:
0.81, 1.16 comparing >120 g/wk to <30 g/mo or 0.93; 95%
CI: 0.81, 1.05 per 30 g; P-trend = 0.56) or peanuts (mvHR:
1.00; 95% CI: 0.88, 1.14 comparing >30 g/wk to <30 g/mo
or 0.92; 95% CI: 0.78, 1.08 per 30 g; P-trend = 0.99) with
stroke.

The PREDIMED (Prevencién con Dieta Mediterranea) trial
showed that those randomized to a Mediterranean diet supple-
mented with nuts experienced a 42% reduced risk of stroke
(HR: 0.58; 95%CI: 0.42, 0.82) compared with the group
advised to follow a low-fat diet (44). The inconsistent findings
might be related to the type and amount of nuts consumed,
differences in background CVD risk (e.g., blood pressure), or
error inherent in dietary measurement by FFQ in cohort studies.
In our study, we did not find that nut intake was associated

with clinically important differences in blood pressure, which
may also explain the lack of association with the risk of
stroke.

In our study, the higher consumption of nuts was associated
with marginally lower SBP and DBP but higher TC, HDL
cholesterol, and LDL cholesterol. The magnitude of differences
between the highest and lowest nut consumers is very small and
likely not of clinical relevance, which may explain the lack of
association with major CVD events in this study. Intervention
trials consistently report significant reductions in TC with nuts
(11). In a systematic review and meta-analysis of 61 trials (2582
participants followed for 3 to 26 wk), each daily serving of nuts
lowered TC by 0.12 mmol/L, LDL cholesterol by 0.12 mmol/L,
apo-B by 0.04 g/L, and TG by 0.02 mmol/L (45). Nuts did not
affect SBP or DBP. In another meta-analysis of 33 randomized
controlled trials, there were no differences in body weight,
BMLI, or waist circumference in people following diets including
nuts compared with control diets (46). This suggests that any
beneficial effect of nuts on mortality is probably independent of
known CVD risk factors.

We found that tree nuts were more protective than ground nuts
(peanuts). Tree nuts, such as walnuts, are good sources of n—6
and n-3 PUFAs (notably «-linolenic acid). Their consumption
has been associated with cardioprotective properties (47) such
as healthy lipid profiles and reduced inflammatory biomarkers
(48), but evidence from large prospective studies with events
is sparse. Almonds, another tree nut, are a rich source of
monounsaturated fat (49), magnesium, potassium, and vitamin E,
and they reduce LDL cholesterol (50). Almond skin flavonoids
possess antioxidant activity in vitro and act synergistically
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Outcome

Composite

< 30 g per month

30 g per month to < 30 g per week
30 g per week to < 120 g per week
=120 g per week

Mortality

< 30 g per month

30 g per month to < 30 g per week
30 g per week to < 120 g per week
=120 g per week

Cardiovascular mortality

< 30 g per month

30 g per month to < 30 g per week
30 g per week to < 120 g per week
=120 g per week

Noncardiovascular mortality

< 30 g per month

30 g per month to < 30 g per week
30 g per week to < 120 g per week
=120 g per week

Cancer mortality
< 30 g per month
30 g per month to < 30 g per week
30 g per week to < 120 g per week
=120 g per week

Major CVD

< 30 g per month

30 g per month to < 30 g per week
30 g per week to < 120 g per week
=120 g per week

Stroke
< 30 g per month
30 g per month to < 30 g per week

#
Events (%)

2873 (8.2%)
999 (6.7%)
1203 (6.2%)
517 (5.2%)

1739 (5%)
589 (4%)

663 (3.5%)
252 (2.6%)

511 (1.4%)
162 (1.1%)
157 (0.8%)
55 (0.6%)

1137 (3.2%)
402 (2.)
466 (2.4%)
175 (1.8%)

474 (1.3%)
173 (1.2%)
219 (1.1%)
72 (0.7%)

1741 (4.9%)
608 (4%)
731 (3.7%)
332 (3.4%)

989 (2.78%)
341 (2.24%)

de Souza et al.
HR (95% ClI)

l 1.00 (1.00, 1.00)
—_— 0.95 (0.88, 1.02)
—— 0.94 (0.87, 1.01)
0.86 (0.77, 0.95)

P-trend = 0.0048

R T
N 1.00 (1.00, 1.00)

—_— 0.89 (0.81, 0.98)
— 0.88 (0.80, 0.97)
—_— 0.70 (0.61, 0.82)

P-trend < 0.0001

[ ] 1.00 (1.00, 1.00)
= 0.96 (0.79, 1.16)

O 0.84 (0.69, 1.02)

< = 0.59 (0.43, 0.79)

P-trend = 0.0008

N 1.00 (1.00, 1.00)
B . Sa— 0.87 (0.77, 0.98)
—_—
=

- 0.90 (0.80, 1.02)
0.79 (0.66, 0.95)

P-trend = 0.0091

N 1.00 (1.00, 1.00)
= 0.93 (0.77, 1.11)
= 1.01 (0.85, 1.21)
o 0.74 (0.56, 0.97)

P-trend = 0.20

1.00 (1.00, 1.00)

—:— 1.00 (0.90, 1.10)
—_— 0.95 (0.86, 1.05)
" a— 0.88 (0.77, 1.00)

P-trend = 0.059

1.00 (1.00, 1.00)
—1— 1.01 (0.89, 1.15)

30 g per week to < 120 g per week 398 (2.01%) e ] 0.96 (0.84, 1.09)
>120 g per week 199 (2.01%) = 0.94 (0.79, 1.12)
Myocardial infarction P-trend = 0.39
< 30 g per month 650 (2.1%) [ ] 1.00 (1.00, 1.00)
30 g per month to < 30 g per week 219 (1.6%) i 0.93 (0.79, 1.10)
30 g per week to < 120 g per week 286 (1.7%) —l— 0.96 (0.82, 1.12)
=120 g per week 113 (1.3%) = 0.82 (0.65, 1.03)
P-trend =0.14
| |
0.5 1 1.5

mvHR

FIGURE 2 Association of highest (> 120 g/wk) compared with lowest (<30 g/mo) nut consumption with clinical outcomes, excluding those with diabetes

or cancer (as appropriate), and who developed the outcome within the first 2 y of follow-up. Models adjusted for follow-up time plus age, sex, location
(urban/rural), and center (as a random effect); lifestyle factors (education, tobacco use, BMI, waist-to-hip ratio, and physical activity, family history of
CVD, diabetes, and cancer); and diet factors (fish, fruits, vegetables, red/processed meat, legumes, and total energy). CVD, cardiovascular disease; mvHR,

multivariable HR.

with vitamin E to prevent oxidation of LDL in hamster  but the quality of the evidence was not assessed systematically

models (51).

and transparently. The American Heart Association’s dietary

Most dietary guidelines do not make specific recommenda-  guidelines recommend nut consumption as part of the DASH
tions for nut consumption. The WHO (52) classifies the evidence ~ (Dietary Approaches to Stop Hypertension) diet (53). Canada’s
supporting unsalted nuts for decreasing CVD risk as “probable,”  Food Guide recommends dry roasted nuts and seeds without
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Subgroup

Nut consumption
Low nut-consuming countries (n = 95,222; median = 1.0 g/d)
High nut-consuming countries (n = 28,288; median = 7.4 g/d)

Sodium excretion
Low urinary sodium excretion (n = 43,537; < 4586 mg/d)
High urinary sodium excretion (n = 47,916; = 4586 mg/d)

Global region
Europe and North America (n = 15,750; median = 5.4 g/d)
South America (n = 13,354; median = 0.0 g/d)

o

HR (95% Cl)

0.83 (0.74, 0.92)
0.86 (0.74, 0.99)

I-sq = 0% P-het =0.70
0.88 (0.77, 1.00)

0.83 (0.73, 0.94)
I-sq = 0% P-het = 0.53

o 0.93 (0.76, 1.14)

Africa (n = 6288; median = 0.0 g/d)
Middle East (n = 14,268; median = 6.8 g/d)

0.43 (0.22, 0.84)
1.14 (0.78, 1.66)

South Asia (n = 28,662; median = 1.1 g/d)
China (n = 45,521; median = 1.4 g/d)

Class of nut
Tree nuts (n=79,144)

o 0.81 (0.61, 1.06)

o 0.89 (0.64, 1.25)
0.90 (0.80, 1.01)

I-sq = 27% P-het = 0.23

Ground nuts (n=75,158)

Type of nut
Almonds (n = 28,460 from 7 countries)

o 0.75 (0.62, 0.89)
o 0.92 (0.80, 1.06)

l-sq = 67% P-het = 0.08

o 0.89 (0.76, 1.05)

Cashews (n = 6870 from 4 countries)
Chestnuts (n = 49,448 from 2 countries)
Hazelnuts (n = 9413 from 2 countries)
Peanuts (n = 73,981 from 8 countries)
Pistachios (n = 12,288 from 4 countries)
Walnuts (n = 76,441 from 9 countries)

Carbohydrate intake
Low carbohydrate consumption (n = 61,699 < 60.9% energy; median = 2.3 g/d)
High carbohydrate consumption (n = 61,811; = 60.9% energy; median = 1.2 g/d)

BMI

< 25.0 (n=58,576; median = 1.6 g/d)

25.0 to < 30.0 (n = 39,989; median = 1.7 g/d)
=30.0 (n = 20,332; median = 1.6 g/d)

Diabetes at baseline
No (n = 113,773; median = 1.6 g/d)
Yes (n = 9540; median = 1.3 g/d)

Hypertension at baseline
No (n = 83,319; median = 2.0 g/d)
Yes (n = 36,144; median = 1.0 g/d)

o 0.91 (0.58, 1.42)
0.97 (0.88, 1.06)
" 0.95 (0.80, 1.14)
- 0.99 (0.97, 1.01)

o 0.92 (0.72, 1.16)
- 0.95 (0.92, 0.98)

I-sq = 6% P-het = 0.38
0.88 (0.79, 0.99)
0.83 (0.71, 0.97)
I-sq = 0% P-het = 0.55

0.89 (0.79, 1.01)
0.85 (0.73, 0.99)

= 0.79 (0.64, 0.98)
I-sq = 0% P-het =0.63

0.82 (0.74, 0.90)
o 0.96 (0.80, 1.16)

I-sq = 54% P-het =0.14

0.88 (0.78, 1.00)
0.83 (0.73, 0.93)

I-sq = 0% P-het = 0.51

0.5

1 1.5

mvHR

FIGURE 3 Association of nuts [per 30 g increase per day (or week for specific nuts only)] with mortality by subgroups. Models adjusted for follow-up time
plus age, sex, location (urban/rural), and center (as a random effect); lifestyle factors (education, tobacco use, BMI, waist-to-hip ratio, and physical activity,
family history of CVD, diabetes, and cancer); and diet factors (fish, fruits, vegetables, red/processed meat, legumes, and total energy). CVD, cardiovascular

disease; mvHR, multivariable HR.

added sugars, fats, and sodium to meet the guideline to “eat
protein foods” (54). The 2010 Dietary Guidelines for Americans
state that nuts are a “nutrient-dense, high-fibre food and a
good source of protein,” and recommend 4 ounces (~120 g)
of nuts, seeds, or soya products/week for a 2000-kcal diet
(55). These guidelines state that “moderate” evidence exists
to support the benefit of nut consumption for controlling
CVD risk factors. Only the 2015 Dutch food-based dietary
guidelines recommend eating >15 g of unsalted nuts daily,
because consumption of nuts “convincingly” reduces CAD risk
(56).

PURE is the first large-scale multinational cohort study
of the association of nuts with mortality and cardiovascular
events. Our study has several strengths beyond its size and
long follow-up with many adjudicated events. First, most of

the countries are low- and middle-income countries, which
provides information on a larger range of nut intake than
previous studies conducted solely in North America and Europe.
Second, we used standardized and validated methods to measure
diet using a country-specific validated FFQ in each country.
Third, we used standardized units for reporting nut intake,
which makes findings between regions comparable. Fourth,
we used standardized methods to document and adjudicate
events. Fifth, we analyzed blood samples by standardized
methods and applied calibration for countries where blood
samples were analyzed locally. Sixth, we demonstrate reasonably
consistent results across regions of the world (where the
distribution of covariates, such as other lifestyle factors and
potential confounders differ) which adds robustness to the
findings.
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Our study has some potential limitations. First, although we
used a validated, semiquantitative FFQ to assess usual diet,
we measured diet only at baseline. Therefore, we were unable
to capture changes in diet that occurred over time, which
can introduce some measurement error. Had we measured diet
repeatedly, then one would expect the slope of the associations
to be steeper. Second, as with any observational cohort study,
residual confounding is a concern, and thus it remains plausible
that nuts are surrogates for healthier lifestyles or increased
wealth and ability to purchase healthier foods, in general,
even though we adjusted for study center, and established and
potential risk factors for CVD. Third, we did not ask information
about nut consumption on FFQs in Colombia, Chile, Pakistan,
the Philippines, and Malaysia. Fourth, any recommendation to
consume nuts must carefully weigh the costs and benefits of
such a recommendation, for example, the price of nuts is much
higher in some regions of the world than others; and tree nuts
may be more expensive than ground nuts in some countries, such
as India. Included in such a cost-benefit analysis would be the
concern that in some countries, there is a higher probability of
exposure to aflatoxin (a myocardial toxin), which may offset the
beneficial effects on cardiovascular health. Finally, the impact
of higher nut intake may be influenced by the overall diet, even
though our analyses are adjusted for multiple dietary confounders
and conducted within different strata. However, the consistency
of results between regions with markedly different levels of nut
intake makes it less likely that confounders, which are expected
to vary in different regions (including background diet), explain
our observations.

In conclusion, nut consumption was associated with a lower
risk of mortality in a diverse multinational cohort, after adjusting
for other lifestyle and dietary factors. These findings support
recommendations to increase the intake of a variety of nuts,
as part of a healthy dietary pattern, to reduce the risk of
death.
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