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ABSTRACT

Background: Previous studies have suggested that nut consumption
is associated with beneficial cardiovascular outcomes. However,
limited data are available on the association between nut intake
and all-cause mortality.

Objective: Our aim was to test the hypothesis that nut consumption
is inversely associated with the risk of all-cause mortality.

Design: In this prospective cohort study in 20,742 male physicians,
we assessed nut intake between 1999 and 2002 via a food-frequency
questionnaire and ascertained deaths through an endpoint commit-
tee. We used Cox regression to estimate multivariable-adjusted HRs
for death according to nut consumption. In secondary analyses, we
evaluated associations of nut consumption with cause-specific mor-
tality.

Results: During a mean follow-up of 9.6 y, there were 2732 deaths.
The mean (=SD) age at baseline was 66.6 = 9.3 y. Median nut
consumption was 1 serving/wk. Multivariable-adjusted HRs (95%
ClIs) were 1.0 (reference), 0.92 (0.83, 1.01), 0.85 (0.76, 0.96), 0.86
(0.75, 0.98), and 0.74 (0.63, 0.87) for nut consumption of never or
<1 serving/mo, 1-3 servings/mo, 1 serving/wk, 2—4 servings/wk,
and =5 servings/wk, respectively (P-linear trend << 0.0001), after
adjustment for age, body mass index, alcohol use, smoking, exer-
cise, prevalent diabetes and hypertension, and intakes of energy,
saturated fat, fruit and vegetables, and red meat. In a secondary
analysis, results were consistent for cardiovascular disease mortality
but only suggestive and non-statistically significant for coronary
artery disease and cancer mortality.

Conclusion: Our data are consistent with an inverse association
between nut consumption and the risk of all-cause and cardiovas-
cular disease mortality in US male physicians. Am J Clin Nutr
2015;101:407-12.
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INTRODUCTION

Nuts (peanuts and tree nuts) are rich in a variety of nutrients,
including folate, niacin, vitamin E, and vitamin B-6 (1, 2). They
are also rich in a number of macronutrients, such as unsaturated
fatty acids, dietary fiber, phytoestrogens, phytochemicals, and
micronutrients such as essential minerals, including copper,
magnesium, potassium, and zinc (3).

Because nuts are important dietary sources of vitamin E and
unsaturated fatty acids, it has been speculated that their anti-
oxidant and anti-inflammatory properties may have a beneficial
impact on overall health (4-10). Observational studies and small
clinical trials have shown that nut consumption reduces the risk

of cardiovascular disease (CVD)® and type 2 diabetes (11-13).
The pathophysiologic mechanisms remain unclear but may be
due to the beneficial effects nuts have on blood cholesterol,
inflammatory markers, and endothelial function (14-17). A
Mediterranean diet supplemented with 30 g of mixed nuts/d
lowers blood pressure compared with the typically recom-
mended low-fat diet (18, 19). Nut consumption was also found
to be protective against cancer (17, 20, 21). The micronutrients
within nuts may combat free radicals and inflammation com-
monly implicated in increasing cancer risk.

Few studies have examined the relation between nuts and
mortality (22-26). Some of these studies were conducted in
European populations in whom nut consumption is more fre-
quent than in US populations. It would be important to elucidate
the role of nut consumption on the risk of overall mortality in
large population settings. Hence, we sought to determine
whether nut consumption is associated with the risk of death in
a large prospective cohort of US male physicians.

SUBJECTS AND METHODS

Study population

The Physicians’ Health Study (PHS) I trial was a large, ran-
domized, double-blind placebo-controlled trial designed to as-
sess the effects of aspirin and B-carotene on CVD and cancer in
22,071 male physicians. The PHS II was also a randomized trial
designed to assess the effects of vitamins on CVD and cancer in
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7000 newly recruited male physicians and 7641 participants
from PHS 1. A detailed description of the PHS I and PHS II was
previously published (27-31). Subsequently, we will refer to
subjects who provided information on nut consumption (1997—
2001) as PHS participants. All PHS participants provided writ-
ten informed consent and the Institutional Review Board at
Brigham and Women’s Hospital approved the study. Of the total
29,071 PHS participants, 21,075 completed food-frequency
questionnaires (FFQs) and were alive at baseline (between 1999
and 2002). Of these, we excluded 333 subjects due to missing
data on nut consumption. Thus, a final sample of 20,742 male
participants was used for the current analyses.

Assessment of nut consumption

Nut consumption information was self-reported by using
a self-administered FFQ between 1999 and 2002. Participants
were asked, “Please fill in your average use, during the year, of
each specified food: Nuts [small packet or 1 ounce (~28.4 g)].”
Possible response categories included “never or less than once
per month,” “1-3 servings/mo,” “1 serving/wk,” “2—4 servings/wk,”
“5-6 servings/wk,” “l serving/d, “2-3 servings/d, “4-5
servings/d,” and =6 servings/d.” Approximately 3% of partici-
pants indicated consumption of =1 serving/d, so these responses
were combined with 5-6 servings/wk for stable estimation.
Participants were asked about nuts without specifically exclud-
ing peanuts. Hence, “nuts” in the current article could include
peanuts. We did, however, ask subjects to report information on
peanut butter intake: “Please fill in your average use, during the
year, of each specified food: Peanut butter (1 tablespoon).” Al-
though the FFQ was not validated in the PHS, it has been val-
idated in several other cohorts (32, 33).

Ascertainment of deaths

A questionnaire was mailed to participants every 6 mo during
the first year and annually thereafter to collect data on in-
tervention compliance and new medical diagnoses, including
death. Participants who did not return the questionnaires within
5-6 wk were sent a follow-up questionnaire. Up to 4 question-
naires were sent to nonrespondents. Last, subjects were called if
they were still nonrespondents. A letter with a return postcard
was also mailed to participants at the 6-mo time point between
annual mailings, which was to be completed if any major
medical problems (e.g., death) occurred. An endpoints com-
mittee confirmed death after review of the medical records. The
deaths were categorized by type as due to CVD, coronary artery
disease (CAD), stroke, or cancer and based on review of autopsy
reports, death certificates, medical records, or family/next of kin
report (27, 30, 31, 34, 35). Details on endpoint validation in the
PHS have been published.

Other variables

Demographic data including BMI were collected at baseline.
Data on exercise, smoking, alcohol consumption, and non-
steroidal anti-inflammatory use were obtained through self-report
at baseline on enrollment. Information on comorbidity was
gathered through annual follow-up questionnaires. Other dietary
variables were obtained from the FFQ as were energy and nu-
trient intakes.

Statistical analyses

We computed person-time of follow-up from exposure as-
sessment (at the date the FFQ was received) until the first oc-
currence of either death or date of last available participant
information. For each category of nut consumption, the incidence
rate was initially computed by dividing the number of cases by
corresponding person-time of follow-up. We used Cox regression
proportional hazards models to compute multivariable-adjusted
HRs with corresponding 95% ClIs using <1 serving of nuts/mo
as the reference group. In secondary analyses, we evaluated
associations of nut consumption with cause-specific mortality
(CAD, CVD, stroke, or cancer deaths). Our adjusted model
controlled for age, BMI (continuous), smoking (never, former,
or current), alcohol consumption in the past year (<1, 1-4, 5-7,
or =8 drinks/wk), exercise (none, 1-2 d/wk, 3—4 d/wk, or 5-7 d/
wk), prevalent diabetes, prevalent hypertension, and intakes of
red meat (tertiles), fruit and vegetables (tertiles), saturated fat
(tertiles), and energy (tertiles). We were unable to distinguish
“never” from “former” drinkers. We also examined a fully ad-
justed model that controlled for these factors plus magnesium
and fiber intakes. For categorical variables, indicator variables
were created for missing responses. We performed additional
post hoc analyses stratified by other risk factors, namely BMI
and prevalent type 2 diabetes. To test the assumptions for pro-
portional hazard models, we evaluated plots of Schoenfeld re-
siduals and person-time, and no significant violations were
found. All analyses were performed by using SAS, version 9.3
(SAS Institute). The significance level was set at & = 0.05, with
2-tailed P values.

RESULTS

Baseline characteristics of the 20,742 subjects included in this
study are summarized in Table 1. The mean (=SD) age was
66.6 = 9.3 y. Participants who consumed nuts more frequently
had a lower BMI (P < 0.0001), were less likely to be former
smokers (P = 0.02), were more likely to exercise frequently
(P < 0.0001 for both 3—4 d/wk and <1 d/wk), consumed more
fruit and vegetables (P << 0.0001), and had a higher energy intake
(P < 0.0001). There was a tendency toward a nonlinear, U-shaped
association between exercise frequency and nut consumption. In
testing for nonlinear trend, we found that the association be-
tween frequent activity/exercise and nut consumption frequency
of 3—4 servings/wk was P = 0.0589 but for =5 d/wk was P =
0.0007. Participants were also more likely to consume magne-
sium, fiber, and polyunsaturated and monounsaturated fats
overall (P < 0.0001 for all). Participants who consumed nuts
more frequently were also less likely to have prevalent heart
failure (P = 0.01), hypertension (P = 0.0001), or myocardial
infarction (P < 0.001).

During the mean follow-up of 9.6 y, there were 2732 deaths,
including 760 (27.8%) deaths due to CVD, 868 (31.8%) cancer
deaths, 405 (14.8%) CAD deaths, and 142 (5.2%) stroke deaths.
Multivariable-adjusted HRs (95% Cls) for total deaths after
adjustment for age, BMI, alcohol use, smoking, exercise, prev-
alent diabetes, hypertension, and intakes of energy, saturated fat,
fruit and vegetables, and red meat were 1.0 (reference), 0.92
(0.83, 1.01), 0.85 (0.76, 0.96), 0.86 (0.75, 0.98), and 0.74
(0.63, 0.87) for nut consumption of rarely/<<1 serving/mo,
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TABLE 1
Baseline characteristics of PHS participants according to frequency of nut consumption1
<1 serving/mo 1-3 servings/mo 1 serving/wk 2-4 servings/wk =5 servings/wk
(n = 5439) (n =7128) (n =3947) (n = 2582) (n = 1646) P-trend

Age, y 674 + 9.5 66.1 £9.2 66.2 = 9.1 66.6 £ 9.2 67.2 £ 89 0.75
BMI, kg/m? 25.7 £ 34 259 £ 34 259 £33 257 £32 253 £33 <0.0001
Smoking, %

Never 51.7 54.7 55.0 54.9 54.5 0.01

Past 44.5 42.0 41.8 41.9 41.9 0.02

Current 37 33 3.1 3.1 3.6 0.30
Exercise, %

<1 d/wk 40.0 37.0 37.0 34.4 34.8 <0.0001

1-2 d/wk 14.5 17.2 16.8 15.8 16.2 0.15

34 d/wk 27.1 29.1 29.8 33.7 30.2 <0.0001

5-7 d/wk 16.5 15.0 14.9 14.8 17.4 0.65
Alcohol consumption in past year, %

Never or <1/mo 18.2 16.8 15.7 15.8 22.3 0.37

Monthly 8.9 7.8 6.7 6.1 7.1 <0.0001

Weekly 384 389 38.7 37.1 32.3 0.0002

Daily 34.1 359 38.2 40.5 38.0 <0.0001
Prevalent heart failure, % 2.7 2.0 2.3 1.7 1.8 0.01
Prevalent hypertension, % 48.9 45.7 46.1 453 43.1 <0.0001
Prevalent diabetes, % 8.6 7.0 7.0 7.1 9.0 0.43
Prevalent M1, % 4.7 4.5 4.3 2.9 3.7 0.001
Daily intake, kcal 1526.5 = 466.9 1631.0 = 478.4 1738.8 = 517.0 1846.6 = 535.2 2022.5 = 592.2 <0.0001
Fruit and vegetables, servings/d 45 *26 47 24 50*28 53+28 59 34 <0.0001
Red meat, servings/d 0.6 = 0.5 0.7 = 0.6 0.8 = 0.6 0.8 = 0.7 0.8 £09 <0.0001
Saturated fat,® g/d 164 £ 175 184 £ 54 189 £ 5.1 188 =54 18.6 £ 5.8 <0.0001
Sodium intake,* kcal 1502.8 = 3484 1497.6 = 326.0 1500.4 = 301.2 14722 = 289.6 1423.0 = 311.1 <0.0001
Magnesium,’ mg/d 303.2 £ 261.0 303.1 £ 264.8 302.1 £ 263.9 314.5 £ 276.1 338.3 £ 2942
Fiber,? g/d 18.0 = 14.2 18.0 = 145 17.9 = 145 18.7 = 15.0 19.6 = 159 <0.0001
Potassium,” mg/d 3039.0 £ 2672.4 29945 £ 2671.3  2975.6 * 2658.2  2963.0 = 2660.6  2956.9 = 2605.1  <0.0001
Dietary polyunsaturated fat,® g/d 7.1 = 6.1 7.8 * 6.7 83 =173 9.5 + 84 11.7 £ 10.2 <0.0001
Dietary mono-unsaturated fat,® g/d 17.6 = 13.8 18.4 = 15.0 19.5 = 16.1 20.8 + 174 233 £ 19.2 <0.0001
NSAID use >180 d/y, % 7.0 7.2 7.2 6.9 73 0.8209

'Mantel-Haenszel chi-square test was used for categorical variables; ANOVA was used for continuous variables to determine the significance of the
associations between nut consumption frequency and various baseline characteristic categories. Daily, =1 drink/d; MI, myocardial infarction; Monthly, 1-3
drinks/mo; NSAID, nonsteroidal anti-inflammatory drug; PHS, Physicians’ Health Study; Weekly, 1-6 drinks/wk.

2Mean =+ SD (all such values).

3Calorie adjusted.

1-3 servings/mo, 1 serving/wk, 2—-4 servings/wk, and =5 In a secondary analysis, the inverse association between nut
servings/wk, respectively (P-linear trend << 0.001; Table 2). consumption and mortality was consistent among participants
Additional adjustment for magnesium and fiber intake had little =~ who succumbed to CVD. Corresponding multivariable-adjusted
effect on the results [corresponding HRs (95% Cls): 1.0 (refer-  HRs (95% Cls) were 1.0 (reference), 0.98 (0.82, 1.17), 0.89 (0.72,
ence), 0.92 (0.83, 1.01), 0.84 (0.75, 0.95), 0.86 (0.75, 0.95), and  1.11), 0.80 (0.62, 1.03), and 0.74 (0.55, 1.02) across consecutive
0.76 (0.64, 0.89), respectively (P-linear trend << 0.001; Table 2)].  categories of nut consumption, respectively (P-trend = 0.015).

TABLE 2
HRs (95% Cls) of all-cause mortality according to categories of nut consumption’

Frequency of nut consumption in the Physicians’ Health Study

All-cause mortality <1 serving/mo 1-3 servings/mo 1 serving/wk 2-4 servings/wk =5 servings/wk  P-trend
Cases/total, n 863/5439 894/7128 475/3947 317/2582 183/1646

Age-adjusted HRs 1.00 (reference)  0.88 (0.80, 0.96)  0.82 (0.74, 0.92)  0.82 (0.72, 0.93)  0.71 (0.60, 0.83)  <0.001
Fully adjusted HRs? 1.00 (reference)  0.92 (0.83, 1.01)  0.85 (0.76, 0.96)  0.86 (0.75, 0.98)  0.74 (0.63, 0.87)  <0.001

Fully adjusted HRs + magnesium and fiber ~ 1.00 (reference)  0.92 (0.83, 1.01)  0.84 (0.75, 0.95)  0.86 (0.75, 0.95)  0.76 (0.64, 0.89) 0.001

'Cox regression proportional hazards models were used to compute multivariable-adjusted HRs with corresponding 95% Cls with <1 serving of nuts/mo
as the reference group.

2Ful]y adjusted for age, BMI, alcohol consumption, smoking, exercise, calories, saturated fat consumption, fruit/vegetable consumption, red meat
consumption, prevalent diabetes, and hypertension.
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TABLE 3

HSHIEH ET AL.

HRs (95% Cls) of cause-specific mortality according to categories of nut consumption’

Frequency of nut consumption in the Physicians’ Health Study

<1 serving/mo 1-3 servings/mo 1 serving/mo  2-4 servings/wk =5 servings/wk P-trend

CVD deaths

Cases/total n 235/5439 256/7128 135/3947 83/2582 51/1646

Age-adjusted HRs ~ 1.00 (reference) 0.94 (0.78, 1.12) 0.87 (0.71, 1.08) 0.80 (0.62, 1.02) 0.74 (0.55, 1.00) 0.013

Fully adjusted HRs? 1.00 (reference) 0.98 (0.82, 1.17) 0.89 (0.72, 1.11) 0.80 (0.62, 1.03) 0.74 (0.55, 1.02) 0.015
CAD deaths

Cases/total n 129/5439 140/7128 69/3947 38/2582 29/1646

Age-adjusted HRs 1.00 (reference) 0.94 (0.74, 1.19) 0.81 (0.61, 1.09) 0.67 (0.46, 0.96) 0.77 (0.51, 1.15) 0.019

Fully adjusted HRs? 1.00 (reference) 1.02 (0.80, 1.30) 0.88 (0.66, 1.19) 0.72 (0.50, 1.04) 0.85 (0.56, 1.28) 0.083
Cancer deaths

Cases/total n 262/5439 284/7128 155/3947 10172582 66/1646

Age-adjusted HRs ~ 1.00 (reference) 0.89 (0.75, 1.05) 0.87 (0.71, 1.06) 0.84 (0.67, 1.06) 0.83 (0.63, 1.08) 0.071

Fully adjusted HRs? 1.00 (reference) 0.91 (0.77, 1.08) 0.88 (0.72, 1.07) 0.87 (0.68, 1.09) 0.87 (0.66, 1.15)  0.161
Stroke deaths

Cases/total n 43/5439 46/7128 25/3947 19/2563 10/1646

Age-adjusted HRs ~ 1.00 (reference) 0.93 (0.61, 1.41) 0.89 (0.54, 1.45) 1.00 (0.58, 1.71) 0.80 (0.40, 1.59) 0.637

Fully adjusted HRs? 1.00 (reference) 0.91 (0.60, 1.39) 0.82 (0.50, 1.36) 0.84 (0.48, 1.47) 0.64 (0.32, 1.30) 0.205

'Cox regression proportional hazards models were used to compute multivariable-adjusted HRs with corresponding 95%
CIs with <1 serving of nuts/mo as the reference group. CAD, coronary artery disease; CVD, cardiovascular disease.

2Fully adjusted for age, BMI, alcohol consumption, smoking, exercise, calories, saturated fat consumption, fruit/vegetable
consumption, red meat consumption, prevalent diabetes, and hypertension.

Furthermore, the relation of nut consumption with death due to
CAD (P = 0.083), cancer (P = 0.161), and stroke (P = 0.205)
was not significant (Table 3). Collapsing the last 2 higher fre-
quencies of nut consumption did not alter the conclusion. In our
post hoc analyses, we stratified by BMI and diabetes because
people may avoid nuts once they develop diabetes or become
overweight/obese as a means to lose weight. However, neither
BMI nor diabetes modified the association of nut consumption
with mortality (Table 4).

DISCUSSION

We found a significant and inverse association between fre-
quency of nut consumption and all-cause mortality in a large
prospective cohort of US male physicians, after adjustment for
confounding factors. Neither BMI nor diabetes modified this

TABLE 4

association. As expected, diets higher in magnesium, fiber, and
poly- and monounsaturated fats were more common among
participants who consumed nuts frequently. There was also
a significant inverse relation between nut consumption and CVD
mortality but not deaths due to cancer, stroke, or CAD.

Our results are comparable to the findings of Bao et al. (26)
who reported a 20% lower mortality rate for nut consumption of
=7 servings/wk compared with none in the Nurses’ Health
Study and the Health Professionals Follow-Up Study. Smaller
previous observational studies, including the Adventist Health
Study (36-38), the Iowa Women’s Health Study (23), the
Netherlands Cohort Study (39), and a United Kingdom cohort
(40) also showed similar inverse associations between nut con-
sumption and mortality among whites, African Americans, and
older persons (22, 23, 36-40). Estruch et al. (18, 19) demonstrated

HRs (95% Cls) of total mortality according to nut consumption, stratified by BMI and prevalent diabetes’

Frequency of nut consumption in the Physicians’ Health Study

<1 serving/mo 1-3 servings/mo

1 serving/wk

2-4 servings/wk =5 servings/wk P-interaction

BMI? (kg/m?) 0.40
<25 1.00 (reference) 0.91 (0.80, 1.05) 0.79 (0.67, 0.94) 0.88 (0.73, 1.06) 0.61 (0.48, 0.78)
25 to <30 1.00 (reference) 0.94 (0.82, 1.09) 0.89 (0.75, 1.06) 0.85 (0.69, 1.04) 0.91 (0.72, 1.15)
=30 1.00 (reference) 0.83 (0.61, 1.15) 1.02 (0.71, 1.46) 0.95 (0.62, 1.44) 0.81 (0.45, 1.47)

Prevalent diabetes® 0.97
No 1.00 (reference) 0.91 (0.83, 1.02) 0.85 (0.75, 0.97) 0.87 (0.76, 1.01) 0.73 (0.61, 0.88)
Yes 1.00 (reference) 0.91 (0.70, 1.18) 0.89 (0.66, 1.19) 0.78 (0.54, 1.21) 0.72 (0.48, 1.09)

'Cox regression proportional hazards models were used to compute multivariable-adjusted HRs with corresponding 95%

CIs with <1 serving of nuts/mo as the reference group.

Fully adjusted for age, alcohol consumption, smoking, exercise, calories, saturated fat consumption, fruit/vegetable
consumption, red meat consumption, prevalent diabetes, and hypertension.
3Adjustcd for age, BMI, alcohol consumption, smoking, exercise, calories, saturated fat consumption, fruit/vegetable

consumption, red meat consumption, and hypertension.
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in their multicenter randomized trial that an intervention with
a Mediterranean diet supplemented with 30 g of mixed nuts/d was
associated with a 28% lower risk of cardiovascular events
(myocardial infarction, stroke, and death from other cardiovas-
cular causes) when compared with a control diet.

Many previous studies have shown beneficial effects of nut
consumption on various risk factors and disease-specific biomarkers
(11-19), although the underlying pathophysiologic pathways re-
main to be clearly elucidated. Nuts are rich in both magnesium and
fiber, but arguably, healthy eaters may also consume these nutrients
from other dietary sources. We found that additional adjustment for
magnesium and fiber did not alter the inverse relation between nut
consumption and mortality, suggesting that the beneficial effects of
nuts on mortality may be mediated via pathways that do not in-
volve fiber or magnesium. Nut consumption has been shown to
lower blood pressure, improve lipid profiles (41-45), decrease in-
flammation (46-48), and increase insulin sensitivity (10, 49). Nuts
may decrease blood pressure by virtue of their low sodium and
high magnesium content (50). Dietary magnesium was shown to
decrease blood pressure by acting as a calcium channel blocker and
vasodilator via prostacyclin production and nitrous oxide synthesis
(51-53). Nut intake improves lipid profiles, perhaps through their
high fiber content, omega-3 fatty acids, and antioxidants. Nut
consumption can also decrease inflammatory markers including C-
reactive peptide, IL-6, and fibrinogen, thus preventing atheroscle-
rosis (9, 47). Despite inconsistent data available in the literature,
there is some evidence that, at higher concentrations, w-3 fatty
acids in nuts (primarily «-linolenic acid, 18:3n—3) can inhibit
platelet activation and aggregation, which has a preventative role in
cerebrovascular events and myocardial ischemia (54, 55). Finally,
nut consumption may lower the risk of type 2 diabetes through
a decrease in insulin resistance and hyperglycemia (15, 56-58).
There are also sufficient data from other observational studies and
interventional trials suggesting that unsaturated fatty acids, high
fiber content, healthy proteins, minerals, phytochemicals, and an-
tioxidants in nuts might be beneficial for human health when
consumed frequently (18, 19, 24-26).

Our prospective cohort study in the PHS participants has
anumber of strengths, including the long duration of follow-up of
nearly a decade, a large sample size, and a relatively large number
of confirmed deaths. Finally, ascertainment of mortality and
cause of death was thorough, with a careful review of the medical
records by an endpoint committee. The wealth of demographic,
medical, and lifestyle data on this particular population allowed
us to minimize confounding by measured factors.

In contrast, the observational nature of our study prevents us
from establishing causality between nut consumption and mor-
tality. Other limitations of our study include limited generaliz-
ability of our results because only male physicians who were
relatively healthy at baseline were recruited and these male
physicians are more likely to be different in their behaviors and
lifestyles than the general US population. Nut consumption was
only assessed once and although the questionnaire asked about
peanut butter use, the types of nuts (tree nuts and peanuts) and
their preparations (roasted, salted, spiced, or raw) were not
ascertained. We had limited statistical power to detect small
effect sizes in the higher nut consumption categories (2—4
servings/wk and =5 servings/wk), given the small sample sizes
and fewer numbers of deaths in these groups. To explore this, we
collapsed the last 2 consumption categories to increase sample

size and statistical power. Ultimately, the associations remained
the same for cause-specific mortality.

Participants could have changed their dietary habits during the
10 y of follow-up, with a subsequent impact on their risk of death.
The resulting misclassification, however, would likely bias the re-
sults toward the null, producing a more conservative estimate of the
true effect of nuts on mortality. Finally, there is a potential for reverse
causality, in that people with chronic diseases and poor health
(including poor dentition, severe food allergies, and dietary re-
strictions such as puréed foods) may abstain from nut consumption.

In conclusion, our study suggests an inverse association be-
tween nut consumption and all-cause mortality in male physi-
cians. These promising prospective results underscore the need
for future research designed to establish whether the observed
nut-mortality relation is causal. The type of nuts, method of
preparation, and portion sizes necessary for maximal health
benefits should also be explored in further studies.
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