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BACKGROUND: We aim to evaluate the association of within-individual changes in consumption of total and specific types of
nuts and the subsequent risk of incident cardiovascular disease (CVD) in US men and women.

METHODS AND RESULTS: We included 34 103 men from the HPFS (Health Professionals Follow-Up Study) (1986-2012), 77 815
women from the NHS (Nurses’ Health Study) (1986-2012), and 80 737 women from the NHS Il (1991-2013). We assessed nut
consumption every 4 years using validated food frequency questionnaires. We used multivariable Cox proportional hazards
regression models to examine the association between 4-year changes in nut consumption and risk of confirmed CVD end
points in the subsequent 4 years. Per 0.5 serving/day increase in total nut consumption was associated with lower risk of CVD
(relative risk [RR], 0.92; 95% ClI, 0.86-0.98), coronary heart disease (RR, 0.94; 95% CI, 0.89-0.99), and stroke (RR, 0.89; 95%
Cl, 0.83-0.95). Compared with individuals who remained nonconsumers in a 4-year interval, those who had higher consump-
tion of total nuts (>0.5 servings/day) had a lower risk of CVD (RR, 0.75; 95% ClI, 0.67-0.84), coronary heart disease (RR, 0.80;
95% Cl, 0.69-0.93), and stroke (RR, 0.68; 95% ClI, 0.57-0.82) in next 4 years. Individuals who decreased nut consumption by
>0.50 servings/day had a higher risk of developing CVD (RR, 1.14; 95% Cl, 0.99-1.32), coronary heart disease (RR, 1.06; 95%
Cl, 0.88-1.28), and stroke (RR, 1.28; 95% ClI, 1.02-1.60) when compared with those who maintained their nut consumption.

CONCLUSIONS: Increasing total consumption of nuts and intake of individual types of nuts (eg, walnuts, other tree nuts, and
peanuts) was associated with a subsequent lower risk of CVD. These data support the role of nut intake in the primary pre-
vention of CVD.

REGISTRATION: URL: http://www.clinicaltrials.gov. Unique identifiers: NCTO0005152 and NCTO0005182.
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trans fatty acids.® As an important component of a

of death worldwide and largely preventable
through improving diet quality and other lifestyle
factors."? Diet quality has modestly improved among
US adults over the past 2 decades, mainly because of
increases in intakes of whole grains, nuts, and seeds
and decreases in sugar-sweetened beverages and

Cardiovascular disease (CVD) is the leading cause

healthy diet in the United States, nuts are nutrient-
dense foods rich in unsaturated fatty acids, proteins,
vitamins, minerals, and fibers.* At the same time, nuts
are also rich in fats and thus energy dense, which may
lead some to perceive nuts as an unhealthful food
choice. However, considerable evidence from both
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CLINICAL PERSPECTIVE
What Is New?

We evaluated whether dynamic changes in total
nut consumption and consumption of specific
types of nuts over time (ie, from nonconsumers
to consumers) are associated with lower risk of
cardiovascular disease (CVD).

e Increasing intake of total consumption of nuts,
and intake of specific types of nuts, including
walnuts, other tree nuts, or peanuts, was as-
sociated with a subsequent lower risk of CVD.

What Are the Clinical Implications?

¢ Maintaining a regular consumption of nuts is as-
sociated with lower risk for CVD.

e Incorporating nuts into diet is beneficial for the
prevention of CVD, even among those who pre-
viously did not consume nuts.

e Substituting less healthful food items with nuts
is associated with reduced risk of developing
CVD.

Nonstandard Abbreviations and Acronyms

CVD cardiovascular disease

CHD coronary heart disease

HPFS Health Professionals Follow-Up Study
NHS  Nurses’' Health Study

RR relative risk
FFQ food frequency questionnaire

epidemiological studies and clinical trials suggests
that nuts are not associated with weight gain and may,
in fact, help to lose weight when incorporated to an
energy restricted diet.’

Nuts have cardioprotective benefits.®” A recent
meta-analysis of 12 prospective studies reported a
dose-response, inverse association between nuts
and risk of CVD. Each additional 28 g/d was as-
sociated with a 21% lower risk of CVD and a 29%
lower risk of coronary heart disease (CHD).6 Higher
nut consumption was also associated with a lower
risk of CHD mortality.” Results from the PREDIMED
(Prevenciéon con Dieta Mediterranea) study, a
primary-prevention randomized trial, are consis-
tent with findings from observational studies. In the
PREDIMED ftrial, randomization to consume 30 g/d
of mixed nuts in the context of a Mediterranean diet
reduced major cardiovascular events by 28% over
5 years mean follow-up, and the risk reduction was
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similar to that among participants randomized to the
Mediterranean diet supplemented with extra virgin
olive oil.8

The consumption of nuts and seeds has played an
increasingly important role in the US diet: the intake
of these foods has increased from 0.5 servings/day in
1999 to 0.75 servings/day in 2012.° Despite consis-
tent evidence demonstrating a dose-response asso-
ciation between nut consumption and CVD risk, there
are no epidemiological studies evaluating whether
dynamic within-person changes in nut consumption
over time (ie, from nonconsumers to consumers) are
associated with subsequent risk of CVD. Also, most
previous studies have focused on total nut consump-
tion; however, the consumption of specific types of
nuts remains largely uninvestigated. Therefore, in the
present analyses, we aim to examine the association
of changes in total consumption of nuts, and in spe-
cific types of nuts (eg, walnuts, other tree nuts, and
peanuts), with risk of developing major cardiovascular
events in 3 large prospective cohorts of US men and
women.

METHODS

The authors confirm that the data supporting the find-
ings of this study are available within the article and its
supplementary materials. Please see the study web-
sites for more information: https:/www.hsph.harvard.
edu/hpfs/hpfs_collaborators.htm, and http:/www.nurse
shealthstudy.org/researchers.

Study Population
Population Characteristics

We conducted a pooled analysis of 3 large US
prospective cohort studies: the HPFS (Health
Professionals Follow-Up Study), the NHS (Nurses’
Health Study), and the NHS II. In the HPFS, 51 529
male health professionals between 40 and 75 years
of age were enrolled in 1986 from 50 states. The NHS
was composed of 121 701 nurses between 35 and
55 years of age when they were enrolled in 1976 from
11 states, and the NHS Il included 116 430 younger
nurses aged 24 to 44 years when enrolled in 1989
from 14 states.'® Approximately 97% of study partici-
pants are white.!" Information on participants’ medi-
cal history, newly diagnosed diseases, lifestyle, and
dietary factors was collected at baseline and during
follow-up through mailed questionnaires every 2 to
4 years. The response rate was =90% for each cycle
in the 3 cohorts.'® Participants gave informed con-
sent via the return of questionnaires.

The study was approved by the institutional review
boards of Brigham and Women’s Hospital and Harvard
T.H. Chan School of Public Health. Completion of
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self-administered information was considered to imply
informed consent.

Outcome Ascertainment

Our primary end point was incident total CVD, a com-
posite outcome including nonfatal myocardial infarc-
tion, fatal CHD, and stroke (nonfatal or fatal).

When participants reported nonfatal cardiovascular
events on any biennial questionnaires, we requested
permission from participants for study physicians to
review their medical records. Nonfatal myocardial in-
farction was confirmed using the diagnostic criteria
of the World Health Organization, specifically, on the
basis of symptoms and either electrocardiographic
changes or elevated cardiac enzyme concentra-
tions.”” Nonfatal stroke was defined according to the
diagnostic criteria of National Survey of Strokes cri-
teria, requiring evidence of a neurological deficit with
sudden or rapid onset that persisted for >24 hours or
until death.'® CHD and stroke events that could not be
confirmed by medical records but with other confirma-
tory information that was obtained through telephone
interview or letter were classified as probable. In the
current study, we included both confirmed and proba-
ble cases of CHD and stroke, as results including both
confirmed and probable CVD events were nearly iden-
tical to those obtained with confirmed cases alone.'*

Deaths were identified through searches of the
National Death Index,”® or were reported by family
members or the postal authorities.’® Fatal CHD was
confirmed by medical records, autopsy reports, or
death certificates, if CHD was listed as the underly-
ing and only plausible cause of death on the death
certificate with previous evidence of CHD in the med-
ical records. Similarly, fatal stroke was identified and
confirmed by reviewing death certificates, hospital re-
cords, or autopsy records.

Dietary Assessment

A semiquantitative validated food frequency question-
naire (FFQ) containing =130 foods was administrated
to participants every 4 years starting in 1986 in the
NHS and HPFS and in 1991 in the NHS II. These time
points were used as baseline for the current analysis.

Participants were asked to report the frequency on
consumption of a standard portion size of each food
or beverage, from “never or less than once per month”
to “>6 times per day” on average over the past year.
Validation of the questionnaire has been reported pre-
viously.'>=" Nut consumption assessed by FFQ ques-
tionnaire provided reasonable accuracy in reflecting
daily nut consumption when compared with a 7-days
diet record, as evidenced by a correlation coefficient
of 0.75 for both total nuts and peanut butter.'®
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For nuts, participants were asked how often they
consumed 1 serving (28 g or 1 ounce) of nuts and pea-
nuts. We converted frequency categories of nut con-
sumption (never or less than once per month, 1-3 per
month, 1 per week, 2—4 per week, 5-6 per week, 1 per
day, 2-3 per day, 4-6 per day, or >6 times per day) to
servings per day. Consumption of peanut butter was
also assessed with the same 9 frequency categories in
1 tablespoon (15 g) servings.

Questions on walnuts and “other tree nuts” were
first added to the FFQ in 1998 in NHS and HPFS, and
in 1999 in NHS I, after which we derived total con-
sumption of tree nuts as the sum of other tree nuts
and walnuts. Botanically, peanuts are legumes';
however, in this analysis, we included peanuts within
the total nut category, because they are considered
as nuts by consumers and have a nutrient compo-
sition similar to tree nuts.? In the present study, we
analyzed total consumption of nuts (ie, walnuts, other
tree nuts, and peanuts), tree nuts (walnuts and other
tree nuts), walnuts, other tree nuts not including wal-
nuts, peanuts (without peanut butter), and peanut
butter.

Statistical Analysis

We used Cox proportional-hazards regression mod-
els to examine the associations between changes in
total nut intake or intake of specific types of nuts dur-
ing a 4-year interval with the relative risk (RR) of devel-
oping CVD, CHD, and stroke during the subsequent
4 years with a total of up to 26 (NHS and HPFS) or
22 (NHS 1) years of follow-up. Individuals contributed
to person-time from the return of the baseline FFQ
until the date of diagnosis of CVD, death, or the end
of the follow-up period (January 2012 for HPFS, June
2012 for NHS, and June 2013 for NHS II), whichever
came first.

We excluded participants who reported CVD, can-
cer, diabetes mellitus, or missing body mass index
before or during the first 4-year interval. For individu-
als who had missing FFQ or missing data on nut con-
sumption or reported implausible energy intake (<600
or >3500 kcal/d for women or <800 or >4200 kcal/d
for men), we further excluded their person-time from
corresponding intervals but otherwise continued to
count their person-times in subsequent intervals with
valid data.

Our basic model (model 1) was stratified by age,
cohort, sex, and calendar year in 4-year intervals.
In model 2, we further adjusted for the initial nut in-
take at the beginning of each 4-year period. In model
3, we further adjusted for race (white, other), family
history of myocardial infarction, menopausal status
(premenopausal or postmenopausal), hormone ther-
apy use (never, past, or current), oral contraceptive
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use (never, current, past, missing indicator, in NHS 1),
number of teeth at baseline (0, 1-16, 17-24, 25-32, in
NHS and HPFS), updated teeth lost during follow-up
(continuous, in NHS and HPFS), initial and change
in smoking status (never to never, never to current,
past to past, current to past, current to current, miss-
ing indicator), initial alcohol intake (g/d: 0.0, 0.1-4.9,
5.0-14.9, 15.0-29.9, and >30.0), change in alcohol
intake (decrease, no change, increase), and initial
(metabolic equivalent h/wk: quintiles), and change
in physical activity level (metabolic equivalent h/
wk: <-5.0, —=5.0 to 4.9, >5.0). In the final model 4,
we further adjusted for initial body mass index (kg/
m?: <21.0, 21.0-24.9, 25.0-29.9, 30.0-31.9, >32.0),
updated history of hypercholesterolemia, and high
blood pressure at the start of each 4-year interval,
initial (kcal/d: quintiles) and changes in total energy
intake (kcal/d: <-250, -250 to 250, >250), and ini-
tial and change in Alternative Healthy Eating Index
score (calculated without the alcohol and nut com-
ponents:<-2, -2 to 5, >5) over each 4-year period.

Changes in intakes of nuts and other dietary factors
were modeled as continuous variables in 0.5 serv-
ings/day. Those with lower than the 0.5th percentile
or higher than the 99.5th percentile were assigned to
values of 0.5th percentile or 99.5th percentile, respec-
tively, to minimize the influence of outliers.?°

We categorized the change in nut consump-
tion over 4 years into 5 groups: (1) minimal change
(+0.00 servings/day), (2) increase between 0.01 and
0.49 servings/day, (3) decrease between 0.01 and
0.49 servings/day, (4) increase >0.50 servings/day,
and (5) decrease >0.50 servings/day. Individuals with
no change or relatively stable consumption were as-
signed as the reference group. The median values
of each category were modeled as continuous vari-
ables to examine the linear trend. Missing data from
categorical variables were assigned a missing indica-
tor to minimize sample reduction caused by missing
covariates.

We also categorized participants by their habitual
nut intake, assessed by consistency across 2 con-
secutive FFQs into 9 groups (jointly defined by non-
consumer [0 servings/day], low intake [<0.5 servings/
day], and high intake [>0.50 servings/day] at the be-
ginning and the assessment at 4 years of each 4-year
interval) and subsequently examined the association
with risk of total CVD, CHD, and stroke. Those who
were nonconsumers at both time points were as-
signed as the reference group.

We conducted statistical substitution analysis to es-
timate the potential effect of substituting nuts for other
foods on CVD risk. We further adjusted model 3 for ini-
tial and change in intake (serving/day) of red meat, pro-
cessed meat, refined grain, French fries, dessert, and
chips. We calculated the differences in 3 coefficients
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of changes of nuts and other food items, which can be
interpreted as the estimated effects on CVD risk when
increasing 0.5 servings/day (3.5 servings/week) of nuts
while simultaneously decreasing the equal serving of
other foods.

We also conducted prespecified subgroup anal-
yses by potential effect modifiers of the association
between changes in nut intake and CVD risk. We
stratified the analyses on the basis of participants’
age (<60 or >60 years), smoking status (never smok-
ing or ever smoking), and changes in energy, alco-
hol intake, physical activity level, Alternative Healthy
Eating Index score, and body weight. Two change
categories were used: “no changes or decreased”
and “increased.” We conducted 2 sensitivity analy-
ses to test the robustness of our results. First, we fur-
ther adjusted our final model (model 4) for concurrent
4-year changes in body weight to estimate the extent
to which weight change mediates the association be-
tween changes in nut intake with CVD risk. Second,
we further censored follow-up of men and women
who developed incident diabetes mellitus during the
follow-up period.

We pooled data from the 3 cohorts for the main
analysis, and considered the cohort-specific results for
secondary analyses. We used SAS version 9.4 (SAS
Institute) to analyze the data, and set statistical signifi-
cance at a 2-tailed P<0.05.

RESULTS

Baseline Characteristics

The current study included 34 103 men in the HPFS,
77 815 women in the NHS, and 80 737 women in the
NHS II. Table 1 presents participants’ characteristics
based on baseline 4-year change in nut consumption.
Individuals who increased nut consumption over time
had a lower initial consumption, higher initial energy in-
take, and better diet quality (higher Alternative Healthy
Eating Index score) than those who maintained a sta-
ble nut consumption. Decrease in nut consumption
was observed along with decrease in energy intake
and diet quality and a higher initial consumption.

Changes in Nut Consumption and Risk of
CVD, CHD, and Stroke

Table 2 shows the associations between changes in
nut consumption and risks of CVD, CHD, and stroke.
Compared with individuals who did not change their
total intake of nuts, those who increased nut consump-
tion >0.50 servings/day were associated with lower
risk of CVD (RR, 0.86; 95% ClI, 0.78-0.94), CHD (RR,
0.88; 95% ClI, 0.78-1.00), and stroke (RR, 0.82; 95%
Cl, 0.71-0.96) independent of initial nut consumption
and other lifestyle factors. In contrast, participants who
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Table 1. Age-Adjusted Characteristics of Participants According to the First 4-Year Changes in Total Nut Consumption

J Am Heart Assoc. 2020;9:e013877. DOI:

10.1161/JAHA.119.013877

HPFS
Participants, n 2243 10 576 10 339 9180 1765
Initial nut intake, servings/d 1.3 (1.1) 0.3(0.2) 0.1 (0.2) 0.1 (0.2 0.3 (0.4)
Change in nut intake, servings/d -1.1(0.9) -0.2 (0.1) 0.0 (0.0 0.2 (0.1) 1.0(0.8)
Age, y' 58.8 (9.8) 57.7 (9.8) 58.1 (9.9) 58.4 (9.8) 60.8 (9.4)
Initial body mass index, kg/m? 25.3 (3.1) 25.5(3.2) 25.4 (3.2 25.5(3.2) 25.2(3.2)
Weight change, kg 0.6 (4.8 0.6 (4.1) 0.6 4.2 0.7 4.2) 0.5 (4.9
Current smoker, % 7.4 8.1 8.6 8.3 8.4
Initial physical activity, metabolic 22.6 (30.7) 19.9 (24.0) 19.5 (26.0) 19.7 (26.2) 21.7 (25.4)
equivalent h/wk
Change in physical activity, metabolic 1.0 (30.0) 1.7 (22.8) 1.8 (24.6) 2.0 (25.3) 1.9 (23.1)
equivalent h/wk
Initial alcohol intake, g/d 13.6 (16.6) 11.5 (14.9) 10.6 (14.8) 11.3 (15.0) 12.6 (16.0)
Change in alcohol intake, g/d -1.5 (11.7) -1.1 (10.1) -0.7 (10.2) -0.2 (10.6) 0.1 (11.0)
Initial total energy intake, kcal/d 2383.8 (653.8) 2022.3 (604.5) 1898.0 (590.5) 1951.7 (588.1) 2129.0 (638.1)
Change in total energy intake, kcal/d -327.3 (663.9) —133.6 (504.2) -37.0 (490.9) 60.6 (504.7) 228.5 (566.5)
Initial Alternate Healthy Eating Index 45.4 (10.4) 431 (9.9) 42.7 (10.2) 42.7 (10.1) 43.9 (10.4)
score
Change in Alternate Healthy Eating Index -0.3(7.4) 0.9(7.3) 1.0(7.5) 1.2(7.2) 2.8(7.8)
score
Family history of myocardial infarction, % 31.3 31.8 32.8 31.6 30.2
Initial high blood pressure, % 211 21.0 20.8 21.6 21.4
Initial hypercholesterolemia, % 16.7 16.9 16.8 18.4 20.2
NHS
Participants, n 2839 23544 32 269 17 016 2147
Initial nut intake, servings/d 1.1(0.8) 0.2 (0.2) 0.0 (0.1) 0.1 (0.1) 0.2 (0.3)
Change in nut intake, servings/d -1.0(0.7) -0.1(0.1) 0.0 (0.0) 0.1 (0.1) 1.0(0.8)
Age, y' 58.9 (7.8) 57.7 (7.8) 58.4 (8.0) 58.7 (7.9) 61.0 (8.1)
Initial body mass index, kg/m? 24.7 (4.4) 25.3(4.7) 25.6 (4.9) 25.5 (4.8) 25.0 (4.7)
Weight change, kg 1.0(5.2) 1.0 (6.3 1.2 (5.4) 1.4 (5.2 0.8 (5.4)
Current smoker, % 17.8 18.0 19.3 18.3 177
Initial physical activity, metabolic 17.0 (25.7) 14.9 (20.8) 14.2 (20.7) 15.0 (21.1) 16.9 (22.1)
equivalent h/wk
Change in physical activity, metabolic 2.1 (26.6) 1.9 (21.5) 1.7 (22.5) 1.9 (28.2) 2.0 (22.7)
equivalent h/wk
Initial alcohol intake, g/d 7.4 (11.1) 6.3 (10.4) 5.3(9.8) 6.1 (10.7) 6.7 (10.6)
Change in alcohol intake, g/d -1.2(7.7) -1.0 (7.4) -0.6 (6.8) -0.5 (7.5) -0.2 (7.6)
Initial total energy intake, kcal/d 2151.4 (5653.8) 1823.4 (524.8) 1663.6 (510.1) 1762.3 (519.7) 1877.9 (537.4)
Change in total energy intake, kcal/d -260.3 (490.3) —-88.7 (455.0) -9.8 (442.1) 74.5 (455.5) 223.9 (484.5)
Initial Alternate Healthy Eating Index 47.9 (9.9) 45.0 (9.7) 44.3 (10.0) 44.5 (9.8) 46.0 (10.5)
score
Change in Alternate Healthy Eating Index -0.7 (7.7) 0.8 (7.5) 0.9 (7.6) 1.3 (7.4) 3.0 (8.1)
score
Family history of myocardial infarction, % 23.9 25.3 24.8 24.3 23.4
Baseline premenopausal, % 23.0 22.9 23.2 23.6 225
Initial high blood pressure, % 22.9 251 27.3 274 23.9
Initial hypercholesterolemia, % 20.3 20.8 22.5 241 27.2
(Continued)
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Table 1. Continued
Changes in Total Nut Consumption (Servings/d)*
Decrease No Change Increase

Variable >0.50 0.01-0.49 0.00 0.01-0.49 >0.50

NHS I
Participants, n 101 18 883 41799 17 450 1594
Initial nut intake, servings/d 1.0 (0.6) 0.2 (0.1) 0.0 (0.1) 0.0 (0.1) 0.1(0.2
Change in nut intake, servings/d -0.9 (0.6 -0.1(0.1) 0.0 (0.0 0.1 (0.1) 1.0(0.7)
Age, y' 45.0 (7.4) 411 (5.5) 40.8 (6.2) 42.2 (5.8) 46.5 (6.7)
Initial body mass index, kg/m? 241 (5.2) 24.7 (5.4) 24.8 (5.3) 24.7 (5.4) 241 (5.4)
Weight change, kg 2.8 (6.3) 2.9(6.2) 3.1 (6.6) 3.0(6.5) 1.9(6.5)
Current smoker, % 13.7 1.9 11.0 12.0 1.2
Initial physical activity, metabolic 27.2 (33.5) 24.0 (34.9) 23.5(33.9) 23.3(33.3) 26.9 (42.9)
equivalent h/wk
Change in physical activity, metabolic -0.3(31.3) -3.0(32.7) -3.0 (32.1) -2.8(32.3) -0.6 (33.8)
equivalent h/wk
Initial alcohol intake, g/d 4.3 (7.7) 3.7 (6.8) 3.0 (6.0) 3.5 (6.5) 4.0 (7.6)
Change in alcohol intake, g/d 0.2 (6.6) 0.2 (5.5) 0.3 (5.2 0.7 (5.6) 0.7 (6.2
Initial total energy intake, kcal/d 2223.3 (586.6) 1919.3 (549.2) 17021 (527.9) 18141 (541.8) 1969.5 (570.0)
Change in total energy intake, kcal/d -258.1 (5660.0) 775 (503.3) 20.6 (481.1) 127.3 (505.1) 2671 (594.1)
Initial Alternate Healthy Eating Index 46.0 (10.6) 41.7 (9.8) 41.8 (10.0) 41.8 (9.9) 44.0 (10.2)
score
Change in Alternate Healthy Eating Index -1.1(8.2) 0.5(8.0) 0.3(8.3) 0.7 (8.2 3.8(9.4)
score
Family history of myocardial infarction, % 375 40.3 40.6 39.1 36.7
Baseline premenopausal, % 87.4 86.0 86.3 86.2 85.8
Baseline use of oral contraceptive, % 71 8.2 8.5 9.1 8.5
Initial high blood pressure, % 6.7 71 71 7.2 6.0
Initial hypercholesterolemia, % 15.6 15.8 15.6 16.4 14.2

HPFS indicates Health Professionals Follow-Up Study; and NHS, Nurses’ Health Study.
*The first 4-year period refers to the first period during which changes in nut consumption were calculated for each subjects. Values are means (SDs) or
percentages and are standardized to the age distribution of the study population.

Value is not age adjusted.

decreased nut consumption by >0.50 servings/day
had a higher risk of CVD (RR, 1.14; 95% Cl, 0.99-1.32),
CHD (RR, 1.06; 95% ClI, 0.88-1.28), and stroke (RR,
1.28; 95% Cl, 1.02-1.60) when compared with indi-
viduals who maintained their nut consumption stable
over 4 years (model 2—4 adjusted for initial intake). An
increase of 0.5 servings/day in total nut consumption
was associated with an 8% lower risk of CVD (RR,
0.92; 95% Cl, 0.86-0.98), 6% lower risk of CHD (RR,
0.94; 95% Cl, 0.89-0.99), and 11% lower risk of stroke
(RR, 0.89; 95% CI, 0.83-0.95) (Figure 1). Increasing in-
takes of tree nuts, walnuts, and peanuts, per 0.5 serv-
ings/day, were each significantly associated with lower
risk of CVD. Increase in consumption of tree nuts and
peanuts (0.5 servings/day) was associated with lower
risk of CHD. An increase in walnut consumption was
associated with lower risk of stroke.

We evaluated the joint association of habitual nut
intake at the beginning and end of each 4-year inter-
val with the risk of developing CVD, CHD, and stroke
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in subsequent 4 years throughout study follow-up
(Figure 2). Compared with individuals who remained
nonconsumers over 4 years, those who maintained
consistently high nut consumption of >0.5 servings/day
over 4 years had a lower risk of CVD (RR, 0.75; 95%
Cl, 0.67-0.84), CHD (RR, 0.80; 95% ClI, 0.69-0.93),
and stroke (RR, 0.68; 95% ClI, 0.57-0.82). When com-
pared with nonconsumers, individuals who increased
their nut consumption over 4-year period from O to
>0.5 servings/day also had lower risks of developing
CVD, CHD, and stroke in the next 4 years. The magni-
tude of this joint association was consistent across the
3 cohorts (Table S1).

Statistically substituting nuts for meat, processed
meat, refined grain, French fries, and dessert (includ-
ing chocolates, candy bars, cookies, cakes, sweet
roll, pies, and donuts) was associated with lower risks
of CVD, CHD, and stroke (Figure S1). For example,
increasing nut intake by 0.5 servings/day (3.5 serv-
ings/week) with a simultaneous decrease in red meat
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Table 2. Multivariable Adjusted RR (95% CI) for Incident Cardiovascular Disease According to Categories of Updated 4-
Year Changes in Total Nut Consumption Based on Pooled Data of NHS, NHS Il, and the HPFS

Changes in Total Nut Consumption Frequency (Servings/d)
Variable Decrease No Change Increase P Trend
Range <-0.50 -0.49 to -0.01 0 0.01t0 0.49 >0.50
Cumulative initial intake, 1.37 (0.99) 0.26 (0.27) 0.06 (0.16) 0.11 (0.21) 0.26 (0.37)
mean (SD)
Cumulative 4-y -1.04 (0.79) -0.15 (0.11) 0 0.16 (0.11) 1.05 (0.77)
changes, mean (SD)
Cardiovascular disease
Cases, n 384 2085 3075 2355 561
Model 1 0.87 (0.78-0.97) 0.92 (0.87-0.98) 0 (Reference) 0.87 (0.82-0.92) 0.74 (0.68-0.82) 0.0001
Model 2 1.18 (1.02-1.36) 0.97 (0.91-1.09) .0 (Reference) 0.88 (0.83-0.93) 0.78 (0.71-0.85) <0.0001
Model 3 1.17 (1.01-1.35) 1.00 (0.94-1.06) 0 (Reference) 0.93 (0.88-0.98) 0.85 (0.77-0.93) <0.0001
Model 4 1.14 (0.99-1.32) 0.99 (0.94-1.05) 0 (Reference) 0.93 (0.88-0.99) 0.86 (0.78-0.94) <0.0001
Coronary heart disease
Cases, n 225 1268 1745 1405 334
Model 1 .85 (0.74-0.98) 0.95 (0.88-1.02) 0 (Reference) 0.89 (0.83-0.96) 0.75 (0.67-0.85) 0.007
Model 2 1.11 (0.92-1.33) 0.99 (0.92-1.07) 0 (Reference) 0.90 (0.83-0.96) 0.78 (0.69-0.88) <0.0001
Model 3 1.10 (0.91-1.32) 1.03 (0.95-1.11) 1.0 (Reference) 0.96 (0.89-1.03) 0.86 (0.76-0.97) 0.002
Model 4 1.06 (0.88-1.28) 1.02 (0.94-1.10) 0 (Reference) 0.96 (0.89-1.03) 0.88 (0.78-1.00) 0.01
Stroke
Cases, n 159 817 1330 950 227
Model 1 0.91 (0.77-1.08) 0.89 (0.81-0.97) 0 (Reference) 0.85 (0.78-0.92) 0.73 (0.64-0.85) 0.005
Model 2 1.31 (1.04-1.693) 0.94 (0.86-1.03) 1.0 (Reference) 0.86 (0.79-0.93) 0.77 (0.67-0.89) <0.0001
Model 3 1.29 (1.03-1.61) 0.96 (0.87-1.05) 0 (Reference) 0.90 (0.82-0.98) 0.83 (0.71-0.96) 0.0003
Model 4 1.28 (1.02-1.60) 0.96 (0.87-1.05) 0 (Reference) 0.89 (0.82-0.97) 0.82 (0.71-0.96) 0.0004

Model 1 was stratified by age, sex, and calendar year in 4-year intervals; model 2 was model 1 further adjusted for initial total nut intake; model 3 was model 2
further adjusted for race (white or nonwhite), family history of myocardial infarction, initial and change in smoking status (never to never, never to current, past to
past, current to past, current to current, missing indicator), menopausal status and postmenopausal hormone use (premenopausal, postmenopausal+current
use, postmenopausal+past use, postmenopausal+never use, missing indicator, in NHS and NHS Il), number of teeth at baseline (0, 1-16, 17-24, 25-32, in
NHS and HPFS) and updated teeth loss during follow-up (continuous, in NHS and HPFS), oral contraceptive use (never, current, past, missing indicator, in NHS
), initial (9/d: 0, 0.1-4.9, 5-14.9, 15-29.9, and >30) and change in alcohol intake (decrease, no change, or increase), and initial (metabolic equivalent h/wk,
quintiles) and change in physical activity level (metabolic equivalent h/wk: <-5, -5 to 4.9, or >5); model 4 was model 3 further adjusted for initial body mass index
(<21.0, 21.0-24.9, 25.0-29.9, 30.0-31.9, or >32.0 kg/m?), initial history of hypercholesterolemia and high blood pressure at the start of each 4-year interval,
initial (quintiles) and changes in energy intakes (kcal/d: <-250, —250 to 250, or >250), and initial (calculated without the alcohol component and nuts, quintile)
and change in Alternate Healthy Eating Index score (<=2, -2 to 5, or =5) over each 4-year period. HPFS indicates Health Professionals Follow-Up Study; NHS,

Nurses’ Health Study; and RR, relative risk.

by 0.5 servings/day was associated with 7% to 13%
lower risks of CVD, CHD, and stroke. Replacing des-
serts, refined grains, and French fries by 0.5 serv-
ings/day with the equivalent of 0.5 servings of nuts
per day has demonstrated similar inverse association
with risks of major cardiovascular events (Figure S1).

The inverse associations of changes in nut con-
sumption and CVD risk were consistent across sub-
groups stratified by age and 4-year changes in diet,
lifestyle factors, and body weight (Table S2). Among
participants who were ever smokers, nut consump-
tion was associated with significant lower risk of stroke
(RR, 0.81; 95% Cl, 0.73-0.88; P for interaction=0.008).
In sensitivity analyses of further adjustment for 4-year
change in body weight, increasing total consumption
of nuts by 0.5 servings/day remained associated with a
lower risk of CVD (RR, 0.92; 95% CI, 0.88-0.96), CHD
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(RR, 0.94; 95% CI, 0.89-0.99), and stroke (RR, 0.89;
95% Cl, 0.83-0.95). When we further censored partic-
ipants with incident diabetes mellitus during follow-up
period, the RRs were 0.91 for CVD (95% Cl, 0.87-0.95),
0.93 for CHD (95% Cl, 0.88-0.98), and 0.88 for stroke
(95% ClI, 0.82-0.94).

DISCUSSION

Compared with participants who made no changes to
their nut intake, participants who increased their total nut
consumption had a lower risk of CVD, CHD, and stroke
in 3 prospective cohorts of US men and women followed
for up to 26 years. Consistent inverse associations with
the risk of CVD were observed with increases in the con-
sumption of tree nuts, walnuts, and peanuts. We found
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Cardiovascular Disease Relative Risk (95% CI)
Total nuts —e— 0.91 (0.88-0.96)
Total tree nuts —e— 0.90 (0.85-0.96)

Walnuts —— 0.83 (0.73-0.93)
Other tree nuts —e— 0.90 (0.83-0.98)
Peanuts —— 0.91 (0.85-0.97)
Peanut butter — — 1.00 (0.95-1.04)

Coronary Heart Disease
Total nuts — — 0.93 (0.88-0.98)
Total tree nuts —e— 0.90 (0.83-0.98)

Walnuts b - 0.85 (0.73-1.00)
Other tree nuts —— 0.87 (0.80-1.00)
Peanuts —e— 0.90 (0.83-0.98)
Peanut butter —— 1.00 (0.95-1.07)

Stroke
Total nuts —_ 0.89 (0.83-0.95)
Total tree nuts —_— 0.91 (0.83-1.00)

Walnuts ' o 0.80 (0.67-0.95)

Other tree nuts L | 0.91 (0.80-1.03)

Peanuts _ 0.92 (0.82-1.03)

Peanut butter —_— 0.98 (0.91-1.05)
0.50 0.70 0.90 1.10

Relative Risk (95% CT)

Figure 1. Risk for incident cardiovascular disease, per 0.5-serving/day increase in consumption
of different types of nuts during follow-up.

Multivariate adjusted model was stratified by age, sex, and calendar year in 4-year intervals and adjusted
for initial total nut intake, race (white or nonwhite), family history of myocardial infarction, initial and change
in smoking status (never to never, never to current, past to past, current to past, current to current, missing
indicator), menopausal status, postmenopausal hormone use (premenopausal, postmenopausal+current
use, postmenopausal+past use, postmenopausal+never use, missing indicator, in NHS [Nurses’ Health
Study] and NHS Il), number of teeth at baseline (0, 1-16, 17-24, 25-32, in NHS and HPFS [Health
Professionals Follow-Up Study]) and updated teeth loss during follow-up (continuous, in NHS and HPFS),
oral contraceptive use (never, current, past, missing indicator, in NHS ll), initial (g/d: 0, 0.1-4.9, 5-14.9,
15-29.9, and >30) and change in alcohol intake (decrease, no change, or increase), initial (metabolic
equivalent h/wk, quintiles) and change in physical activity level (metabolic equivalent h/wk: <=5, -5 to 4.9,
>5), initial body mass index (<21.0, 21.0-24.9, 25.0-29.9, 30.0-31.9, and >32.0 kg/m?), initial (quintiles)
and changes in energy intakes (kcal/d: <-250, —250 to 250, or >250), initial (calculated without the alcohol
component and nuts, quintile) and change in Alternate Healthy Eating Index score (<-2, -2 to 5, or >5)
over each 4-year period, and initial history of hypercholesterolemia and high blood pressure at the start
of each 4-year interval; model was further mutually adjusted for changes in total tree nuts, peanuts, and
peanut butter; analysis of walnuts and other tree nuts was based on the subcohort data started from
1998 (NHS/HPFS) or 1999 (NHS lI), and further mutually adjusted for changes in walnut, other tree nuts,
peanuts, and peanut butter.

that a relatively large increment in nut consumption (from
0 to >0.5 servings/day) was associated with lower CVD
risk when compared with consistent nonconsumers.
Indeed, a consistent higher nut consumption (>0.5 serv-
ings/day) was associated with even lower risks of CVD,
CHD, and stroke, suggesting that long-term higher
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intake may play an important role in the prevention of
CVD. These results support, among nonconsumers,
relatively rapid changes in risk of CVD, CHD, and stroke
after a large increase in nut consumption.

Results from the present study are in line with
previous observational cohort findings.82?? In a
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Relative Risk for
Cardiovas cular Disease

P for interaction =0.93

Relative Risk for
Coronary Heart Disease
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'E P for interaction =0.11
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-
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Initial 0 01-049 0.5+ 0 0.1-0.49 0.5+ 0 01-049 0.5+
4th year 0 0 0 0.1-0.49 0.1-0.49 0.1-0.49 0.5+ 0.5+ 0.5+

Total Nuts Intake (severing/dav)

Figure 2. Risk for incident cardiovascular disease (CVD) (A), coronary heart disease (CHD) (B),
and stroke (C) according to the joint categories of total consumption of nuts.

Multivariate adjusted model was stratified by age, sex, and calendar year in 4-year intervals and
adjusted for initial total nut intake, race (white or nonwhite), family history of myocardial infarction, initial
and change in smoking status (never to never, never to current, past to past, current to past, current
to current, missing indicator), menopausal status, postmenopausal hormone use (premenopausal,
postmenopausal+current use, postmenopausal+past use, postmenopausal+never use, missing indicator,
in NHS [Nurses’ Health Study] and NHS Il), number of teeth at baseline (0, 1-16, 17-24, 25-32, in NHS
and HPFS [Health Professionals Follow-Up Study]) and updated teeth loss during follow-up (continuous,
in NHS and HPFS), oral contraceptive use (never, current, past, missing indicator, in NHS ), initial (g/d:
0, 0.1-4.9, 5-14.9, 15-29.9, and >30) and change in alcohol intake (decrease, no change, or increase),
initial (metabolic equivalent h/wk, quintiles) and change in physical activity level (metabolic equivalent h/
wk: <=5, -5 to 4.9, >5), initial body mass index (<21.0, 21.0-24.9, 25.0-29.9, 30.0-31.9, and >32.0 kg/m?),
initial (quintiles) and changes in energy intakes (kcal/d: <-250, —250 to 250, or >250), initial (calculated
without the alcohol component and nuts, quintile) and change in Alternate Healthy Eating Index score
(<=2, -2 to 5, or =5) over each 4-year period, and initial history of hypercholesterolemia and high blood
pressure at the start of each 4-year interval. *P for interaction between the initial year and the fourth year
nut consumption over each 4-year period.

dose-response meta-analysis of 12 prospective stud- Cl, 0.70-0.88) and CHD (RR, 0.71; 95% Cl, 0.63-0.80).°
ies, each 1-serving/day increment in nut consumption In another dose-response meta-analysis including 5
was associated with lower risk of CVD (RR, 0.79; 95% prospective cohorts and 1 randomized clinical trial,
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consumption of 4 servings of nuts per week (0.6 serv-
ings/day) was associated with a 24% (RR, 0.76; 95%
Cl, 0.69-0.84) lower risk of fatal ischemic heart dis-
ease.?® The magnitude of inverse associations with
CVD risk was similar between specific types of nuts.
Our findings provide further support for previous epi-
demiological findings.

We observed that an increase in total nut consump-
tion and consumption of walnuts by >0.5 servings/
day was inversely associated with risk for stroke, and
consumption of other types of nuts was also inversely
associated with risk for stroke, but these associations
were not statistically significant. Evidence for an asso-
ciation of nut consumption, especially individual types
of nuts, with risk of stroke is inconsistent. Two pro-
spective cohorts, the SMHS (Shanghai Men’s Health
Study)®* and the NLCS (Netherlands Cohort Studly),®
reported inverse associations between peanut con-
sumption and risk for stroke. In the PREDIMED study,
participants who consumed 30 g of mixed nuts per
day (including 15 g of walnuts) had a significant lower
risk of stroke compared with those who were in the
control group.?® In a meta-analysis including 11 pro-
spective cohorts, intake of nuts was not significantly
associated with stroke risk (for 1 serving/day: RR, 0.93;
95% Cl, 0.83-1.05).% There was evidence of a nonlinear
J-shaped relationship between nut intake and stroke
risk, with the most reduction in stroke risk observed at
intakes up to 10 to 15 g/day (0.5 servings/day) and a
slightly positive association with an intake of 30 g/day.?
Further research on the dose-response association
between nut consumption and stroke risk is warranted.

Cardiovascular and metabolic benefits of nut con-
sumption have been supported by several lines of
evidence. Nuts contain many healthful components,
including unsaturated fatty acids, proteins, fiber, phy-
tochemicals, antioxidant compounds, vitamins and
minerals, and other bioactive compounds.? The mech-
anisms underlying the cardioprotective effects of nut
consumption may be related to their benefits that have
been observed on blood lipids, endothelium function,?’
systemic inflammation, oxidative stress, and insulin
sensitivity.?2=3! In a pooled analysis of 25 controlled
trials, daily nut consumption reduced total cholesterol
concentration and low-density lipoprotein cholesterol
concentration by 10.9 and 10.2 mg/dL, respectively;
nut consumption also reduced triglycerides in sub-
jects with higher baseline levels (>150 mg/dL).3* A rel-
atively large clinical trial (h=305) demonstrated a blood
pressure—lowering effect of daily consumption of wal-
nuts (30-60 g/d, depending on energy requirements)
in elderly individuals,®® which may partially explain
the lower risk of stroke associated with walnut con-
sumption reported herein. The potential mechanisms
through which nuts may exert their health benefits also
include improvements in circulating metabolites (eg, by
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reducing branch chain amino acid and acylcarnitines)
and modifying the gut microbiome.34-36

Despite the relatively high energy density, intake
of nuts was actually associated with less weight gain,
lower risk of obesity, and lower risk of moderate weight
gain in prospective studies.®*® Qur results remained
significant after we accounted for change in energy in-
take and weight that may accompany increases in nut
consumption. Nuts are rich in fiber, which requires in-
creased efforts and/or time of mastication, which can
lead to a decreased rate of ingestion.3® The high fiber
content of nuts also can delay gastric emptying,®® in-
crease satiety,>° suppress hunger, and promote full-
ness.*! The deficit of metabolizable energy (>20%) with
nut consumption (ie, aimonds, walnuts) leads to ineffi-
cient energy absorption and increases in fecal fat excre-
tion.> Of note, although peanut butter shares a similar
nutrient profile with peanuts, the absence of effort in oral
processing and other additives in peanut butter, such as
sugar, may reduce its beneficial effects on cardiometa-
bolic health.

In our analysis, increasing nuts while decreasing
red meat or processed meats was associated with
a significantly lower risk of both CHD and stroke.
Furthermore, there may also be benefits of incor-
porating nuts in place of animal sources of protein
(meats or other associated foods) with an impact
beyond human health. Given the urgent need for a
transforming global food system to provide health and
environmental sustainability, experts recommend a
global reduction in the consumption of animal-based
foods and a doubling of the consumption of nuts and
seeds.*? Nuts are among the most environmentally
sustainable foods to grow with the least carbon foot-
print.*3-4% Incorporating environmental-friendly plant-
based protein at the expense of animal source protein
that with high demands for agricultural resources
could potentially improve the sustainability of our food
system and reduce the public health burden through
their cardioprotective effects.

The prospective design of the study, the long du-
ration of follow-up, the high follow-up rate, the large
sample size, and the repeated measures of dietary
and lifestyle variables are strengths of the present
study. Because of the large sample size and long
follow-up period, we have the unique opportunity
to investigate not only change in total consumption
of nuts, but also intake of individual types of nuts.
The repeated, validated measures of diet allowed as-
sessment of within-person changes in dietary intake,
reducing the possibility of reverse causation.*® Last,
analyses on substitutional associations provided di-
rect estimate of disease associations for replacing
less healthful food items with nuts. We also acknowl-
edge several limitations. First, because nut consump-
tion and other lifestyle factors were self-reported,
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measurement errors are inevitable. The use of re-
peated measurements reduced random measure-
ment errors caused by within-person variation and
accommodated dietary changes over time. In addi-
tion, the errors are independent from the CVD case
ascertainment and thus nondifferential and may be
more likely to bias the association toward the null.
In our study, information on how nuts were prepared
was unspecified, and, thus, we were unable to exam-
ine the influence of preparation methods of nuts on
risk of major cardiovascular events. The participants
from our cohorts are health professionals, and most
are whites, which may help reduce confounding by
socioeconomic status, although such a relatively ho-
mogeneous socioeconomic/ethnic composition may
also limit the generalization of our results. However,
we do not expect the mechanisms to be different in
other populations.

CONCLUSIONS

In conclusion, our results indicate that increasing total
consumption of nuts and specific types of nuts (eg,
tree nuts, walnuts, and peanuts) in 3 US prospective
cohorts is associated with a lower risk of CVD. Our
analysis provides further evidence that incorporating
nuts into diet is beneficial for CVD risk, even among
those who previously did not consume nuts. Our
findings support the recommendation on including a
variety of nuts as part of healthy dietary patterns is car-
dioprotective and provide theoretical evidence that re-
placing animal-based protein with plant-based protein
can be helpful in the prevention of CVD.
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Table S1. Multivariable adjusted relative risk (95% confidence intervals) for incident cardiovascular disease according to the joint categories
of total nuts intake at the first and fourth year of each period in NHS, NHS I, and HPFS.

Total nuts intake (serving/day)

T year intakes 0 0.1-0.49 >0.5 0 0.1-0.49 >0.5 0 0.1-0.49 >0.5
4 year intakes 0 0 0 0.1-0.49 0.1-0.49 0.1-0.49 0.5 >0.5 >0.5
HPES
Person Years 61875 47484 3088 53113 187483 33991 6949 46258 44362
Cases 487 361 28 370 1205 245 47 295 254
Crude rate 787 760 702 697 643 721 676 638 573
Model 1 1.0 1.00 0.78 0.91 0.87 0.90 0.81 0.79 0.69
(ref) (0.88-1.15)  (0.53-1.15)  (0.79-1.04) (0.78-0.97) (0.77-1.05) (0.60-1.09) (0.68-0.91) (0.59-0.81)
Model2 44 1.03 0.82 0.94 0.92 0.97 0.86 0.86 0.77
(ref.) (0.89-1.18)  (0.56-1.21)  (0.82-1.08) (0.83-1.02) (0.83-1.13) (0.63-1.16) (0.74-0.99) (0.66-0.89)
Model 3 1.0 1.02 0.81 0.94 0.91 0.95 0.85 0.85 0.77
(ref.) (0.89-1.17)  (0.55-1.19)  (0.82-1.07) (0.81-1.01) (0.81-1.1) (0.63-1.15) (0.73-0.99) (0.65-0.90)
NHS
Person Years 345186 164227 9989 176580 352732 46207 19123 73350 49085
Cases 1447 623 47 600 1134 150 65 231 136
Crude rate 419 379 471 340 321 325 340 315 277
Model 1 1.0 0.96 1.04 0.84 0.85 0.77 0.72 0.71 0.59
(ref) (0.88-1.06)  (0.78-1.40)  (0.76-0.92) (0.78-0.92) (0.65-0.91) (0.56-0.93) (0.62-0.82) (0.49-0.70)
Model 2 1.0 1.03 1.14 0.91 0.97 0.91 0.83 0.86 0.74
(ref) (0.93-1.13) (0.85-1.53)  (0.82-1.00) (0.89-1.05) (0.77-1.08) (0.65-1.07) (0.74-0.99) (0.61-0.88)
Model 3 1.0 1.02 1.15 0.91 0.97 0.92 0.85 0.88 0.76
(ref) (0.93-1.12) (0.86-1.54)  (0.82-1.00) (0.89-1.05) (0.77-1.09) (0.66-1.09) (0.76-1.01) (0.63-0.92)
NHSII
Person Years 311193 115799 5055 191070 299703 33812 22711 72669 41764
Cases 201 61 2 135 222 31 13 49 21
Crude rate 65 53 40 71 74 92 57 67 50
Modell 44 0.74 0.39 0.03 0.85 0.84 0.62 0.65 0.42
(ref) (0.56-0.99)  (0.10-1.59)  (0.74-1.15) (0.70-1.04) (0.57-1.24) (0.35-1.09) (0.47-0.89) (0.27-0.67)
Model 2 1.0 0.74 0.39 0.97 0.91 0.94 0.70 0.75 0.50
(ref) (0.56-0.99)  (0.10-1.59)  (0.77-1.20) (0.74-1.11) (0.63-1.39) (0.39-1.23) (0.54-1.04) (0.32-0.80)
Model 3 1.0 0.74 0.40 0.96 0.92 0.98 0.73 0.79 0.58
(ref) (0.55-0.99)  (0.10-1.63)  (0.77-1.20) (0.75-1.13) (0.66-1.46) (0.41-1.28) (0.56-1.10) (0.36-0.93)

Model 1 was stratified by age, sex, and calendar year in 4-year intervals;
Model 2 was stratified by age, sex, and calendar year in 4-year intervals, further adjusted for initial total nut intake, race (white, non-white), family history of MI, initial and change in smoking status (never to
never, never to current, past to past, current to past, current to current, missing indicator), menopausal status and postmenopausal hormone use (premenopausal, postmenopausal + current use,
postmenopausal + past use, postmenopausal + never use, missing indicator, in NHS and NHSII), number of tooth at baseline (0, 1-16, 17-24, 25-32, in NHS and HPFS) and updated teeth loss during follow-
up (continuous, in NHS and HPFS), oral contraceptive use (never, current, past, missing indicator, in NHSII), initial (g/d, 0, 0.1-4.9, 5-14.9, 15-29.9 and 230) and change in alcohol intake (decrease, no-
change or increase), initial (MET-h/week, quintiles) and change in physical activity level (MET-h/week, <-5, -5~4.9, 25). Model 3 was model 2 further adjusted for initial BMI (<21.0, 21.0-24.9, 25.0-29.9, 30.0-
31.9, >32.0 kg/m?), initial history of hypercholesterolemia and high blood pressure at the start of each 4-year interval, initial (quintiles) and changes in energy intakes (kcal/day: <-250, -250~250, 2250), initial
(calculated without the alcohol component and nuts, quintile) and change in AHEI score (<-2, -2~5, 25) over each 4-year period



Table S2. Stratified analysis of the multivariable adjusted relative risk (RR, 95% confidence
intervals) for incident cardiovascular disease associated with per 0.5 serving/day increase of
total nuts based on pooled data of NHS, NHS II, and HPFS.

CVD CHD Stroke
Stratified variables Cases RR (95%CI) Cases RR (95%CI) Cases RR (95%CI)
Age (years)
<60 1634 0.90 (0.81-1.00) 1007 0.90 (0.79-1.03) 627 0.90 (0.76-1.07)
=60 6826 0.92 (0.87-0.96) 3970 0.94 (0.89-0.99) 2856 0.88 (0.82-0.95)
P for interaction 0.35 0.24 0.99
Smoking status
Never smoking 3550 0.94 (0.88-1.00) 2023 0.92 (0.85-1.00) 1527 0.96 (0.88-1.06)
Ever smoking 4840 0.89 (0.84-0.94) 2911 0.95 (0.88-1.02) 1929 0.81 (0.73-0.88)
P for interaction 0.15 0.74 0.008
Changes of alcohol intake
No changes or decreased 5889 0.91 (0.87-0.96) 3422 0.93 (0.88-1.00) 2467 0.88 (0.81-0.95)
Increased 2571 0.92 (0.85-0.98) 1555 0.93 (0.85-1.02) 1016 0.89 (0.79-1.00)
P for interaction 0.71 0.81 0.78
Changes of physical activity
No changes or decreased 4009 0.92 (0.86-0.97) 2444 0.91 (0.84-0.98) 1565 0.93 (0.84-1.02)
Increased 3154 0.96 (0.89-1.03) 1933 0.98 (0.90-1.07) 1221 0.92 (0.82-1.03)
P for interaction 0.34 0.33 0.77
Changes of energy intake
No changes or decreased 4445 0.92 (0.86-0.99) 2622 0.93 (0.86-1.01) 1823 0.90 (0.82-1.00)
Increased 4015 0.91 (0.86-0.96) 2355 0.93 (0.86-0.99) 1660 0.88 (0.81-0.96)
P for interaction 0.53 0.71 0.59
Changes of AHEI score
No changes or decreased 3793 0.89 (0.84-0.95) 2243 0.91 (0.84-0.99) 1550 0.86 (0.78-0.96)
Increased 4667 0.93 (0.88-0.98) 2734 0.95 (0.88-1.01) 1933 0.90 (0.83-0.98)
P for interaction 0.31 0.45 0.46
Changes of body weight
No changes or decreased 4058 0.91 (0.86-0.97) 2393 0.91 (0.85-0.99) 1665 0.91 (0.83-1.00)
Increased 3446 0.91 (0.85-0.97) 1988 0.96 (0.88-1.05) 1458 0.84 (0.75-0.93)

P for interaction

0.98

0.64

0.57

Multivariate adjusted model was stratified by age, sex, and calendar year in 4-year intervals and adjusted for initial total nut intake, race (white, non-
white), family history of MI, initial and change in smoking status (never to never, never to current, past to past, current to past, current to current, missing
indicator), menopausal status, postmenopausal hormone use (premenopausal, postmenopausal + current use, postmenopausal + past use,
postmenopausal + never use, missing indicator, in NHS and NHSII), number of tooth at baseline (0, 1-16, 17-24, 25-32, in NHS and HPFS) and updated
teeth loss during follow-up (continuous, in NHS and HPFS), oral contraceptive use (never, current, past, missing indicator, in NHSII), initial (g/d, 0, 0.1-
4.9, 5-14.9, 15-29.9 and 230) and change in alcohol intake (decrease, no-change or increase), initial (MET-h/week, quintiles) and change in physical
activity level (MET-h/week, <-5, -5~4.9, 25), initial BMI (<21.0, 21.0-24.9, 25.0-29.9, 30.0-31.9, >32.0 kg/m?), initial (quintiles) and changes in energy
intakes (kcal/day: <-250, -250~250, 2250), initial (calculated without the alcohol component and nuts, quintile) and change in AHEI score (<-2, -2~5, 25)
over each 4-year period, and initial history of hypercholesterolemia and high blood pressure at the start of each 4-year interval, with the exclusion of

stratified variable.

'P for interaction between the initial year and the fourth-year nut consumption over each 4-year period



Figure S1. Multivariable adjusted relative risk and 95% confidence intervals for incident
cardiovascular disease associated with substitution of 0.5 serving of nuts with equal amount
of other food items.

Substitution effect per 0.5 serving/day
Total nuts T Red meat | [ RR (95%CI)
CVD e ‘ 0.91 (0.86-0.96)
CHD '_._J\ 0.93 (0.87-1.00)
Stroke —e— | 0.87 (0.80-0.95)
Total nuts T Processed meat | ’
CVD o \ 0.87 (0.83-0.92)
CHD —— \ 0.88 (0.82-0.94)
Stroke i | 0.86 (0.79-0.94)
Total nuts T Refined grain | I
CVD e ’ 0.91 (0.87-0.95)
CHD o I 0.92 (0.87-0.97)
Stroke - 0.89 (0.83-0.95)
Total nuts T Frech fries | ‘
CVD — ‘ 0.76 (0.67-0.87)
CHD ' e ' ‘ 0.82 (0.69-0.97)
Stroke : ® | 0.68 (0.54-0.85)
Total nuts T Dessert | ‘
CVD = ‘ 0.91 (0.88-0.95)
CHD = | 0.93 (0.88-0.98)
Stroke Lo 0.89 (0.83-0.95)
Total nuts T Chips | I
CVD '—0—‘1' 0.93 (0.86-1.00)
CHD ‘—0—‘—' 0.93 (0.84-1.03)
Stroke '—0—%' 0.92 (0.80-1.04)
0.5 0.7 0.9 1.1
Relative Risk (95 CI)

Multi-variates model stratified by age, sex, and calendar year in 4-year intervals, and adjusted initial total nut intake, race (white, non-white), family
history of MI, initial and change in smoking status (never to never, never to current, past to past, current to past, current to current, missing indicator),
menopausal status and postmenopausal hormone use (premenopausal, postmenopausal + current use, postmenopausal + past use, postmenopausal +
never use, missing indicator, in NHS and NHSII), number of tooth at baseline (0, 1-16, 17-24, 25-32, in NHS and HPFS) and updated teeth loss during
follow-up (continuous, in NHS and HPFS), oral contraceptive use (never, current, past, missing indicator, in NHSII), initial (g/d, 0, 0.1-4.9, 5-14.9, 15-
29.9 and 230) and change in alcohol intake (decrease, no-change or increase), initial (MET-h/week, quintiles) and change in physical activity level (MET-
hiweek, <-5, -5~4.9, 25), initial BMI (<21.0, 21.0-24.9, 25.0-29.9, 30.0-31.9, >32.0 kg/m?), initial history of hypercholesterolemia and high blood pressure
at the start of each 4-year interval, initial energy intake (quintiles) as well as initial (continuous) and changes (continuous) in red meat, processed meat,
whole grain, refined grain, French fries, dessert and chips.
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