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Nuts and Death.
Nuts are nutrient-dense foods that are rich in unsaturated fatty acids, fiber, vitamins, minerals, and
many other bioactive substances, such as phenolic antioxidants and phytosterols.1,2 Observational
studies and clinical trials have suggested that nut consumption has beneficial effects on coronary heart
disease1 and its intermediate biomarkers (e.g., blood cholesterol).3 On the basis of these findings, the
Food and Drug Administration concluded in 2003 that for most nuts, consumption of 43 g (1.5 oz) per
day, as part of a low-fat diet, “may reduce the risk of heart disease.”4 More recently, a randomized
primary-prevention trial involving persons at high cardiovascular risk showed a significant reduction in
major cardiovascular events among participants assigned to a Mediterranean diet — one component of
which was supplementation with walnuts, hazelnuts, or almonds — as compared with a control diet.5
Observational and intervention studies of nut consumption have also shown reductions in various
mediators of chronic diseases, including oxidative stress,6,7 inflammation,8 visceral
adiposity,9hyperglycemia,6,9,10 insulin resistance,11,12 and endothelial dysfunction.13 In prospective
cohort studies, increased nut intake has been associated with reduced risks of type 2 diabetes
mellitus,14-16 the metabolic syndrome,17 colon cancer,18 hypertension,19 gallstone
disease,20,21diverticulitis,22 and death from inflammatory diseases.23
Despite these inverse associations between nut intake and several major chronic diseases, few studies
have investigated nut consumption in relation to total mortality, and these investigations have often
been limited by small samples, single assessment of diet and other covariates, or inadequate adjustment
for important confounding factors.24-31 We therefore examined the association of nut consumption
with total and cause-specific mortality in two large, independent cohort studies of nurses and other
health professionals. These studies provide repeated measures of diet (including separate data on
peanuts and tree nuts), extensive data on known or suspected confounding variables, 30 years of followup, and data on more than 27,000 deaths for analysis.
METHODS

Study Population
The Nurses' Health Study (NHS) is a prospective cohort study of 121,700 female nurses from 11 U.S.
states; participants were enrolled in 1976. The Health Professionals Follow-up Study (HPFS) is a
prospective cohort study of 51,529 male health professionals from all 50 states, enrolled in 1986.
Follow-up questionnaires are sent biennially to update medical and lifestyle information. Follow-up
rates exceed 90% in each 2-year cycle for both cohorts.
For this analysis, we defined baseline as the year of the first validated food-frequency questionnaire in
each study — 1980 for the NHS and 1986 for the HPFS. At baseline, 92,468 women in the NHS and
49,934 men in the HPFS completed the dietary questionnaire. We excluded 5611 women and 5939 men
with a history of cancer, heart disease, or stroke; 1113 women and 340 men who did not provide
information on nut intake; and 9280 women and 1157 men who did not provide information on
anthropometric measures or physical activity. The final analyses included 76,464 women in the NHS and
42,498 men in the HPFS.
The authors assume full responsibility for the analyses and interpretation of the data in this study. The
funders of the study had no role in its design or conduct; in the collection, management, analysis, or
interpretation of the data; or in the preparation, review, or approval of the manuscript. The study was
approved by the human subjects committees at Brigham and Women's Hospital and Harvard School of
Public Health, and all participants provided written informed consent. In addition, the study was
approved by the Connecticut Department of Public Health Human Investigations Committee, and some
data used in the study were obtained from the Connecticut Department of Public Health.
Dietary Assessment
Dietary intake was measured with the use of validated food-frequency questionnaires administered
every 2 to 4 years. In the 1980 and 1984 dietary questionnaires, we asked the participants how often
they had consumed a serving of nuts (serving size, 28 g [1 oz]) during the preceding year: never or
almost never, one to three times a month, once a week, two to four times a week, five or six times a
week, once a day, two or three times a day, four to six times a day, or more than six times a day. In the
subsequent dietary questionnaires, the question regarding nuts was split into two items: peanuts and
other nuts. Total nut consumption was defined as the intake of peanuts and other nuts. A validation
study of the food-frequency questionnaire indicated that nut intake was reported reasonably accurately;
the correlation coefficient was 0.75 for the correlation between intake assessed on the baseline dietary
questionnaire and intake assessed on four 1-week dietary records.32
Ascertainment of Deaths
Our primary end point was death from any cause. We performed systematic searches of the vital
records of states and of the National Death Index. This search was supplemented by reports from family
members and postal authorities. With the use of these methods, we were able to ascertain more than
98% of the deaths in each cohort.33

A physician who was unaware of the data on nut consumption and other risk factors reviewed death
certificates and medical records to classify the cause of death according to the eighth and ninth revisions
of the International Classification of Diseases. Deaths were grouped into nine major categories (Table S1
in the Supplementary Appendix, available with the full text of this article at NEJM.org).
Statistical Analysis
To better represent long-term diet and to minimize any effects of within-person variation, we calculated
the cumulative average of nut consumption. Because participants may alter dietary patterns after the
diagnosis of a major illness, we suspended further updating of all dietary variables when participants
reported a diagnosis of stroke, heart disease, angina, or cancer, although follow-up continued until
death or the end of the study period.
We used Cox proportional-hazards models to estimate hazard ratios and 95% confidence intervals.
Multivariate models were adjusted for known or suspected predictors of death. P values for trend were
calculated with the use of the Wald test of a score variable based on the median number of servings of
nuts consumed per day for each category of nut consumption. We also used restricted-cubic-spline
regression to flexibly model the association.
We conducted several sensitivity analyses to test the robustness of the results. To minimize the
influence of smoking or an extremely low or high body-mass index (BMI; the weight in kilograms divided
by the square of the height in meters) on the results, we excluded participants who had ever smoked or
who had a BMI of less than 18.5 or more than 40. We also excluded participants who had diabetes at
baseline, and we suspended updating of dietary variables after a diagnosis of diabetes during study
follow-up. To assess the influence of total sodium intake, adherence to a Mediterranean diet (as
assessed by the Mediterranean-diet score34), and olive-oil intake on the results, we conducted separate
analyses with adjustment for each of these variables. Finally, we conducted an analysis in which
updating of dietary variables was continued even after a participant reported a diagnosis of a major
chronic disease.
To address the concern that occult chronic diseases in the years that preceded diagnosis may have
influenced dietary patterns, in the analysis in which we continuously updated dietary information after
diagnosis of chronic disease, we excluded the first 2 years of follow-up data and added a 2-year lag
period between nut-intake assessment and each follow-up period (e.g., in the NHS, we used nut intake
from the 1980 questionnaire for the follow-up period from 1982 to 1984, and so forth).
To address the possibility of residual confounding by measured variables, we further adjusted for a
propensity score that reflected associations of nut consumption with the other variables in the
multivariate-adjusted model.35 In addition, to estimate the influence of unmeasured confounding on
the results, we used the array-approach sensitivity analysis described by Schneeweiss36 in order to
determine how strong and imbalanced the confounder would need to be to reduce an association to
nonsignificance. We performed separate secondary analyses for peanuts and tree nuts, as well as
analyses stratified by other risk factors. For these analyses, we combined categories of high nut intake to
maintain statistical power. The likelihood-ratio test was used to test for interaction.

The hazard ratios from multivariate models in each cohort were pooled with the use of the randomeffects model, which allowed for between-study heterogeneity. P values for heterogeneity were
calculated with the use of the Q statistic. Analyses were performed with the SAS statistical package
(version 9.1, SAS Institute). Statistical tests were two-sided, and P values of less than 0.05 were
considered to indicate statistical significance.
RESULTS
Nut Consumption and Dietary and Lifestyle Factors
During the study follow-up period, nut consumption remained relatively constant (Table S2 in
theSupplementary Appendix). As compared with participants who consumed nuts less frequently, those
who consumed nuts more frequently were leaner, less likely to smoke, more likely to exercise, and more
likely to use multivitamin supplements; they also consumed more fruits and vegetables and drank more

alcohol (Table 1TABLE 1
Characteristics of Person-Years According to Frequency of Nut
Consumption., and Table S3 in theSupplementary Appendix).
Nut Consumption and Total Mortality
During 30 years of follow-up (2,135,482 person-years) among women in the NHS, we documented
16,200 deaths; during 24 years of follow-up (903,371 person-years) among men in the HPFS, we
documented 11,229 deaths. Age-adjusted and multivariate-adjusted analyses showed a significant
inverse association between frequency of nut consumption and total mortality among both women and

men (Table 2TABLE 2
Total Mortality, According to Frequency of Nut Consumption.). P
values for heterogeneity between women and men were greater than 0.05 for all categories of nut
consumption; therefore, we pooled results from these independent cohort studies. The pooled
multivariate hazard ratios for death for participants who ate nuts, as compared with those who did not
eat nuts, were 0.93 (95% confidence interval [CI], 0.90 to 0.96) for nut consumption less than once per
week, 0.89 (95% CI, 0.86 to 0.93) for once per week, 0.87 (95% CI, 0.83 to 0.90) for two to four times per
week, 0.85 (95% CI, 0.79 to 0.91) for five or six times per week, and 0.80 (95% CI, 0.73 to 0.86) for seven
or more times per week (P<0.001 for trend). The restricted cubic splines showed a pattern similar to the
categorical analysis, and similar patterns were observed among women and men (Fig. S1 in
the Supplementary Appendix).
Nut Consumption and Cause-Specific Mortality

In multivariate analyses, nut consumption was inversely associated with the risk of most major causes of

death among both women and men (Figure 1FIGURE 1
Hazard Ratios for Death from
Any Cause and from Specific Causes, According to Frequency of Nut Consumption and Type of Nut., and
Table S4 in theSupplementary Appendix). In the pooled analysis of women and men, significant inverse
associations were observed for deaths due to cancer, heart disease, and respiratory disease (Table

3TABLE 3

Cause-Specific Mortality, According to Frequency of Nut Consumption.).

Sensitivity Analyses
The significant inverse association between nut consumption and total mortality remained largely
unchanged when we excluded participants who had ever smoked or who had an extremely high or low
BMI; when we excluded participants with diabetes at baseline and suspended updating of dietary
variables after a diagnosis of diabetes; when we adjusted for total sodium intake, Mediterranean-diet
score, olive-oil intake, and a propensity score that predicted nut intake levels; when we continued to
update dietary information after diagnosis of a chronic disease; and when we excluded the first 2 years
of follow-up and added a 2-year lag period between nut-intake assessment and each follow-up period
(Table S5 in the Supplementary Appendix). Furthermore, the array-approach sensitivity
analysis36 showed that an unmeasured confounder would have to be strongly associated with mortality
(e.g., predicted relative risk, ≤0.60) or substantially imbalanced between participants who ate nuts and
those who did not (e.g., ≥40% difference in prevalence between those who eat nuts seven or more
times per week vs. never) in order to attenuate the inverse association sufficiently so that it that was no
longer significant (Tables S6 and S7 in theSupplementary Appendix).
Subgroup Analyses
In separate analyses of the consumption of peanuts and tree nuts, the associations with total and causespecific mortality were similar for the two types of nuts (Figure 1, and Table S8 in theSupplementary
Appendix). When consumption of nuts two or more times per week was compared with no nut
consumption, the pooled multivariate-adjusted hazard ratios for death were 0.88 (95% CI, 0.84 to 0.93)
for peanuts and 0.83 (95% CI, 0.79 to 0.88) for tree nuts.

In analyses stratified by other potential risk factors for death, the inverse association between nut

consumption and total mortality persisted in all subgroups (Figure 2FIGURE 2
Hazard
Ratios for Death from Any Cause in Subgroups., and Table S9 in the Supplementary Appendix). Although
a significant inverse association was observed across all strata of BMI, the association was stronger
among overweight or obese participants than among normal-weight participants (P=0.04 for
interaction).
DISCUSSION
In two large prospective U.S. cohorts, we found a significant, dose-dependent inverse association
between nut consumption and total mortality, after adjusting for potential confounders. As compared
with participants who did not eat nuts, those who consumed nuts seven or more times per week had a
20% lower death rate. Inverse associations were observed for most major causes of death, including
heart disease, cancer, and respiratory diseases. Results were similar for peanuts and tree nuts, and the
inverse association persisted across all subgroups.
Our results are consistent with the findings in previous, smaller studies. The Adventist Health Study
showed that, as compared with nut consumption less than once per week, consumption five or more
times per week was associated with reduced total mortality among whites,24 blacks,25 and elderly
persons,26 with hazard ratios ranging from 0.56 to 0.82. Similarly, a study of a U.K. cohort,27 the Iowa
Women's Health Study,28 the Netherlands Cohort Study,30 and an earlier analysis of the NHS29 all
showed significant inverse associations between nut intake and total mortality. Finally, in a recent
secondary analysis within the PREDIMED (Prevención con Dieta Mediterránea) trial,31 a hazard ratio for
death of 0.61 (95% CI, 0.45 to 0.83) was found for consumption of more than three servings of nuts per
week, as compared with no nut consumption.
Several explanations for our findings are possible. The observed associations could reflect confounding
by unmeasured or poorly measured variables. However, participants in both cohorts provided detailed
and repeated measures of diet and lifestyle, which allowed us to carefully control for a variety of
potential confounding factors. To further minimize confounding by measured variables, we used the
propensity-score method to adjust for differences between comparison groups, and the results
remained largely unchanged. In addition, the inverse association persisted across subgroups defined by
the potential confounding factors, further suggesting an independent association. We cannot rule out
the possibility of confounding by unknown factors; however, the array-approach sensitivity
analysis36 showed that a potential confounding effect would have to be quite large to meaningfully
alter the observed associations in this study. In light of the large number of important confounding
factors included in our analysis, all of which were updated regularly throughout study follow-up, it
seems unlikely that such strong unmeasured confounding could fully explain the associations.

Reverse causality is another possible explanation for our findings, because people with chronic disease
and poor health might abstain from nut consumption. However, we excluded participants with a history
of cancer, heart disease, or stroke at baseline, and we suspended further updating of all dietary
variables when participants reported a diagnosis of stroke, heart disease, angina, or cancer. Moreover,
the results remained significant when we excluded the first 2 years of follow-up and added a 2-year lag
period between nut-intake assessment and each follow-up period.
There may be a concern that frequent nut consumption can result in weight gain. However, in these two
cohorts, increased nut intake was associated with less weight gain.37 Similarly, in other prospective
cohort studies and clinical trials, increased nut consumption was associated with reduced waist
circumference,38 less weight gain,39,40 and a decreased risk of obesity.40
The strengths of this study include its prospective design, large sample, 30 years of follow-up with an
excellent follow-up rate, and repeated assessment of diet and lifestyle variables. However, our study has
limitations. Because nut intake was self-reported, some measurement error is inevitable. However, we
were able to reduce random measurement error by averaging nut intake cumulatively from multiple
time points. Moreover, because dietary data were collected prospectively, misreporting could be
random, resulting in an underestimation of the association. Because we lacked data on how nuts were
prepared (e.g., salted, spiced, roasted, or raw), we were unable to examine the influence of preparation
method on mortality. Restriction of the study sample to health professionals could reduce the
generalizability of the results, but it also potentially minimizes residual confounding by socioeconomic
status. In addition, metabolic processes are unlikely to differ between health professionals and the
general population.
Given the observational nature of our study, it is not possible to conclude that the observed inverse
association between nut consumption and mortality reflects cause and effect. However, our data are
consistent with a wealth of existing observational and clinical-trial data in supporting the health benefits
of nut consumption for many chronic diseases.14-23 In addition, nutrients in nuts, such as unsaturated
fatty acids, high-quality protein, fiber, vitamins (e.g., folate, niacin, and vitamin E), minerals (e.g.,
potassium, calcium, and magnesium), and phytochemicals (e.g., carotenoids, flavonoids, and
phytosterols), may confer cardioprotective, anticarcinogenic, antiinflammatory, and antioxidant
properties.1,2 Indeed, clinical trials have shown that nut consumption has beneficial effects on some
intermediate markers of chronic diseases, such as high cholesterol levels,3oxidation,6,7 endothelial
dysfunction,13 hyperglycemia,6,10 and insulin resistance.11,12 Moreover, recent findings from the
PREDIMED trial have shown a protective effect of a Mediterranean diet against cardiovascular disease,
and one component of the diet was the availability of an average of 30 g of nuts per day.5
In conclusion, our analysis of samples from these two prospective cohort studies showed significant
inverse associations of nut consumption with total and cause-specific mortality. Nonetheless,
epidemiologic observations establish associations, not causality, and not all findings from observational
studies have been confirmed in controlled, randomized clinical trials.
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