
REVIEW

Association of Total Nut, Tree Nut, Peanut, and
Peanut Butter Consumption with Cancer Incidence
and Mortality: A Comprehensive Systematic
Review and Dose-Response Meta-Analysis of
Observational Studies
Sina Naghshi,1,2 Mehdi Sadeghian,3 Morteza Nasiri,4,5 Sara Mobarak,6 Masoomeh Asadi,7 and Omid Sadeghi1,8

1Students’ Scientific Research Center, Tehran University of Medical Sciences, Tehran, Iran; 2Department of Clinical Nutrition, School of Nutritional Sciences
and Dietetics, Tehran University of Medical Sciences, Tehran, Iran; 3Student Research Committee, Ahvaz Jundishapur University of Medical Sciences, Ahvaz,
Iran; 4Student Research Committee, Shiraz University of Medical Sciences, Shiraz, Iran; 5Department of Operating Room Nursing, School of Nursing and
Midwifery, Shiraz University of Medical Sciences, Shiraz, Iran; 6Department of Infectious and Tropical Diseases, Abadan Faculty of Medical Sciences, Abadan,
Iran; 7Department of Operating Room Nursing, Abadan Faculty of Medical Sciences, Abadan, Iran; and 8Department of Community Nutrition, School of
Nutritional Sciences and Dietetics, Tehran University of Medical Sciences, Tehran, Iran

ABSTRACT

Data on the association of nut intake with risk of cancer and its mortality are conflicting. Although previous meta-analyses summarized available
findings in this regard, some limitations may distort their findings. Moreover, none of these meta-analyses examined the dose-response associations
of total nut intake with the risk of specific cancers as well as associations between specific types of nuts and cancer mortality. Therefore, this study
aimed to summarize available findings on the associations of total nut (tree nuts and peanuts), tree nut (walnuts, pistachios, macadamia nuts, pecans,
cashews, almonds, hazelnuts, and Brazil nuts), peanut (whole peanuts without considering peanut butter), and peanut butter consumption with
risk of cancer and its mortality by considering the above-mentioned points. We searched the online databases until March 2020 to identify eligible
articles. In total, 43 articles on cancer risk and 9 articles on cancer mortality were included in the current systematic review and meta-analysis. The
summary effect size (ES) for risk of cancer, comparing the highest with lowest intakes of total nuts, was 0.86 (95% CI: 0.81, 0.92, P < 0.001, I2 = 58.1%;
P < 0.01), indicating a significant inverse association. Such a significant inverse association was also seen for tree nut intake (pooled ES: 0.87, 95% CI:
0.78–0.96, P < 0.01, I2 = 15.8%; P = 0.28). Based on the dose-response analysis, a 5-g/d increase in total nut intake was associated with 3%, 6%, and
25% lower risks of overall, pancreatic, and colon cancers, respectively. In terms of cancer mortality, we found 13%, 18%, and 8% risk reductions with
higher intakes of total nuts, tree nuts, and peanuts, respectively. In addition, a 5-g/d increase in total nut intake was associated with a 4% lower risk
of cancer mortality. In conclusion, our findings support the protective association between total nut and tree nut intake and the risk of cancer and
its mortality. Adv Nutr 2021;12:793–808.
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Introduction
The prevalence of cancer is increasing at an alarming rate (1);
such that in 2015, it was the second leading cause of death
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and resulted in over 8.7 million deaths worldwide (2). Cancer
is associated with high disability and early mortality, as well
as imposing a high economic burden on health care systems
(3, 4). Therefore, finding appropriate approaches to prevent
cancer is urgently required.

Several approaches including dietary modifications have
been proposed for this purpose (4–6). Nuts are key com-
ponents of healthy dietary patterns. This food group is a
rich source of vitamins B-6 and E, folate, selenium, fiber,
monounsaturated fatty acids (MUFAs) and polyunsaturated
fatty acids (PUFAs), and many polyphenols (7). Nuts have
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recently been hypothesized to exhibit antitumor and cancer-
chemopreventive properties because of their compounds
that exert antioxidant, anti-inflammatory, and immune-
modulating activities (8). However, data on the associations
between nut consumption and the risk of cancer and its
mortality are conflicting (9–60). In the Netherlands Cohort
Study, tree nut and peanut consumption was inversely
associated with the risk of gastric and esophageal cancers
(21). In addition, in a prospective study in Taiwan, peanut
consumption was associated with a reduced risk of colorectal
cancer (34). In contrast, findings from the Nurses’ Health
Study revealed no significant association between frequent
nut consumption and risk of colorectal cancer (33). Regard-
ing cancer mortality, Bonaccio et al. (54) reported an inverse
association between nut consumption and risk of cancer
mortality, whereas 2 studies did not find any significant
association in this regard (9, 33).

Two previously published meta-analyses summarized
available findings on the link between total nut intake and
overall risk of cancer (61, 62); however, several limitations
may distort their findings. For instance, in the meta-analysis
of Long et al. (61), the authors did not include an eligible
study (31) and included an ineligible study in which the
intake of fatty acids (from nuts) was investigated in relation
to cancer incidence (63). Furthermore, in the meta-analysis
of Wu et al. (62), the authors included studies in which a
combination of fruit, nut, seed, and legume intake, rather
than nut intake alone, was considered as the exposure
variable (64, 65). None of these meta-analyses examined the
dose-response associations of total and specific types of nut
intake with the risk of overall and specific types of cancers.
In terms of cancer mortality, there are 2 meta-analyses (66,
67); however, both did not include an eligible study (58) and
the meta-analysis of Aune et al. (66) missed another study
that met the required criteria for inclusion (60). Furthermore,
both meta-analyses on cancer mortality did not examine the
dose-response associations between different types of nuts
and cancer mortality.

Given the above-mentioned points, a comprehensive
meta-analysis is required to consider these issues. There-
fore, the current systematic review and meta-analysis of
observational studies was conducted to examine the asso-
ciations between total nut, tree nut, peanut, and peanut
butter consumption and risk of cancer and its mortality by
summarizing available findings in this regard.

Methods
The current systematic review and meta-analysis were
designed, conducted, and reported in adherence to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (68).

Search strategy
We searched the online databases including PubMed, Scopus,
Clarivate Web of Science, and Google Scholar until March
2020 to identify observational studies that examined the
association between nut consumption and risk of cancer

or its mortality. The keywords used in the search strategy
are shown in Supplemental Table 1. No restrictions in
terms of publication time or the language of articles were
considered. In addition, the reference lists of selected articles
were searched to identify studies that might have been
missed.

Inclusion criteria
We included studies with the following criteria: 1) obser-
vational studies with prospective, case-control, or cross-
sectional designs; 2) studies that considered the intake of total
nuts (tree nuts and peanuts), tree nuts (walnuts, pistachios,
macadamia nuts, pecans, cashews, almonds, hazelnuts, and
Brazil nuts), peanuts (whole peanuts without considering
peanut butter), and peanut butter as the exposure variable,
and risk of cancer or its mortality as the outcome variable;
3) those performed on adults (≥18 y); 4) those studies that
reported ORs or RRs or HRs along with 95% CIs for the
association between nut consumption and risk of cancer
or its mortality. If findings from 1 dataset were published
in >1 article, we selected the most recent version; otherwise,
the 1 with the greatest number of cases was included.

Exclusion criteria
We excluded letters, comments, short communications, re-
views, meta-analyses, ecological studies, and animal studies.
Studies that investigated the relation between nut consump-
tion and cancer recurrence were also excluded. Moreover,
we did not include studies that assessed a dietary pattern
containing a high amount of nuts in relation to cancer.

Data extraction
Required data from each eligible study were extracted by
2 independent investigators, and any disagreements were
reconciled by discussion. Any reported ORs or HRs or RRs
and corresponding 95% CIs for the association between
nut consumption and risk of cancer or its mortality were
extracted from each study. In addition to effect sizes (ESs),
the following information was extracted: first author’s name,
year of publication, country of origin, demographic charac-
teristics of participants (age range or mean age and gender),
number of participants and cases, duration of follow-up for
prospective studies, methods used for dietary assessment and
the diagnosis of cancer, and confounding variables adjusted
in the statistical analysis. If a study reported its findings based
on gender or any other variables, then we considered that
study as 2 separate studies.

Quality assessment
The quality of studies included in the current meta-analysis
was assessed using the Newcastle Ottawa Scale (NOS),
designed for nonrandomized studies (69). According to this
scale, a maximum of 9 points would be awarded to each study
according to the following parameters: 4 points for selection
of participants, 2 points for comparability, and 3 points for
the assessment of outcomes. Studies achieving 9 points were
considered to provide the highest quality.
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Statistical analysis
The ORs, RRs, and HRs (and 95% CIs) were considered
the ESs of all studies. To calculate the summary ES for
the comparison of the highest versus lowest categories of
nut consumption, a random-effects model was used to take
between-study heterogeneity into account (70). Using the
random-effects model, we also calculated both Q-statistic
and I2 values as the indicators of heterogeneity. I2 val-
ues of >50% were considered significant between-study
heterogeneity (71). In case of significant between-study
heterogeneity, we conducted subgroup analysis based on
participants’ gender, duration of follow-up, sample size, ge-
ographical location, methods used for the assessment of nut
intake, type of ES, verification of breast cancer, study design,
and adjustment for confounding variables including energy
intake and BMI to detect possible sources of heterogeneity.
Publication bias was examined using the Egger’s regression
asymmetry test (72). A trim-and-fill method was used to
detect the effect of probable missing studies on the overall
effect (73). We also performed a sensitivity analysis using
a fixed-effects model in which each study was excluded to
examine the influence of that study on the overall estimate.

A method suggested by Greenland and Longnecker (74)
and Orsini et al. (75) was used to compute the trend from
the OR/RR/HR estimates and their CIs across categories
of nut consumption. In this method, the distributions of
sample size, cases, and the ORs/RRs/HRs with the variance
estimates for ≥3 quantitative categories of exposure were
required. Therefore, studies with missing data on the sample
size and number of cases in each category of exposure,
and those with <3 quantitative categories of exposure were
excluded from the dose-response analysis. We considered the
midpoint of nut consumption in each category as the cor-
responding OR/RR/HR estimate. For studies that reported
the nut consumption as a range, we estimated the midpoint
in each category by calculating the mean of the lower and
upper bound. When the highest and lowest categories were
open-ended, the length of these open-ended intervals was
assumed to be the same as that of the adjacent intervals.
If a study did not report the midpoint in each category of
nut consumption or it was not computable, we excluded that
study from the dose-response analysis. A 2-stage random-
effects dose-response meta-analysis was applied to examine
a possible nonlinear association between nut consumption
and risk of cancer and its mortality. This was done through
the modeling of nut consumption and restricted cubic splines
with 4 knots at fixed percentiles of 5, 35, 65, and 95% of the
distribution. Based on the Orsini method (75), we calculated
restricted cubic spline models using the generalized least-
squares trend estimation method, which takes into account
the correlation within each set of reported ORs/RRs/HRs.
Then, all the study-specific estimates were combined using
the restricted maximum likelihood method in a multivariate
random-effects meta-analysis (76). A probability value for
nonlinearity was estimated using null hypothesis testing in
which the coefficient of the second spline was considered
equal to 0. In addition to nonlinear associations, linear

dose-response associations between nut consumption and
risk of cancer and its mortality were investigated using the
2-stage generalized least-squares trend estimation method.
First, study-specific slope lines were estimated, and then,
these lines were combined to obtain an overall average
slope (75). Study-specific slope lines were combined using
a random-effects model. Statistical analyses were conducted
using STATA version 14.0 (StataCorp). P < 0.05 was
considered statistically significant for all tests, including
Cochran’s Q test.

Results
Literature search
We identified 2571 articles in our initial search. After
exclusion of duplicate articles and those that did not meet
the inclusion criteria, we identified 61 full-text articles
of potentially relevant studies. After full-text review, we
excluded an additional 4 studies because they considered
a combination of intakes of nuts, legume, fruits, seeds, or
pulses, not nut intake alone, as the exposure variable (64,
77, 78, 65). Two studies assessed the intake of fatty acids
from nuts in relation to the risk of cancer and therefore were
excluded (63, 79). We also excluded the study of Berkey et al.
(80) in which the risk of benign breast disease was estimated
rather than breast cancer. Also, we found 4 duplicate articles
(11, 59, 81, 82), of them, 2 were published on the Nurses’
Health Study II (NHS II) (11, 81) and 2 on the Netherlands
Cohort Study (59, 82). Since these articles assessed similar
exposure and outcome variables, we included only the 1 with
higher quality or with the most number of cases for each
dataset (11, 59) and excluded the duplicate articles (81, 82).
Moreover, we found other articles published on the same
datasets, but since they assessed different types of nuts or
outcome variables (i.e. different cancers), we included them
in this meta-analysis. After the above-mentioned exclusions,
52 articles including 34 articles from prospective studies (9–
17, 19–34, 52–60), 17 articles from case-control studies (35–
51), and 1 article with both prospective and case-control
datasets (18) were enrolled for the current meta-analysis.
Among them, 43 articles reported ESs for cancer risk (9–
51) and 9 articles reported estimates for risk of cancer
mortality (52–60). Dietary intakes of total nuts (n = 38),
tree nuts (n = 7), peanuts (n = 14), and peanut butter
(n = 8) were assessed among 43 publications on cancer
risk. Out of 9 publications on cancer mortality, all assessed
total nut intake (52–60), 2 assessed tree nut intake (53,
59), 3 articles considered peanut consumption (57–59), and
3 articles assessed peanut butter intake as the exposure
variable (57–59). Data on other specific types of nuts
including walnuts (n = 2) and hazelnuts (n = 1) were not
sufficient for a meta-analysis. A flow diagram of the study
selection is shown in Figure 1.

Characteristics of included studies
The characteristics of included studies are provided in Sup-
plemental Tables 2 and 3. The total number of participants
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FIGURE 1 Flow diagram of the study selection.

in these studies ranged from 220 to 495,785 people, with
an age range between 18 and 87 y. In total, 1,739,414
participants (prospective studies = 1,714,983 and case-
control studies = 24,431) were enrolled in the 52 publications
included in the current systematic review. In the case of
multiple publications of the same dataset, only the 1 with
the largest sample size was considered for the calculation.
During the follow-up periods, ranging from 4.8 to 30 y, the
total number of cancer cases was 64,699 and the number
of cancer deaths was 48,038. Six studies included only men
(9, 19, 32, 37, 39, 42), and 13 publications involved women
(10, 11, 15, 23, 27, 29, 30, 33, 35, 41, 43, 45, 50). The
remaining 33 articles were conducted on both genders, in
which 4 articles reported ESs separately for men and women
(20, 22, 34, 53). All cohort studies, particularly those on
cancer mortality, were done on healthy individuals. Out of
52 articles, 16 articles were from the USA, 35 articles from
non-USA countries, and 1 study was performed on both
Chinese and American populations. Dietary intake of nuts
was assessed using FFQs in 46 articles, a research-made
questionnaire in 4 publications, and both FFQ and dietary
recall in 2 articles. Among the included studies, total nut
consumption consisted of peanut and tree nut intake, tree nut
consumption was defined as the intake of walnuts, pistachios,
macadamia nuts, pecans, cashews, almonds, hazelnuts, and
Brazil nuts, and peanut consumption was assessed without
considering peanut butter intake. Among the included cohort
studies, 29 articles used baseline data of nut intake in their
analysis (single measurement), whereas 6 studies considered
the average nut intake throughout the follow-up (repeated
measurements) as the main exposure (10, 28, 32, 33, 53, 57).
In most articles, ESs were adjusted for age (n = 51), BMI
(n = 24), smoking (n = 22), alcohol consumption (n = 14),

physical activity (n = 14), energy intake (n = 25), and other
dietary variables (n = 14). Also, 6 studies controlled their
analysis for the background diet of participants (22, 24, 32,
52, 54, 60). The NOS scores of the included studies ranged
between 5 and 8. Looking at the variation of NOS score and
considering the score of 7 as the median for a total score of
NOS, 28 articles had a score of ≥7, defined as the high-quality
studies (Supplemental Tables 4 and 5).

Findings from the systematic review
Out of 38 articles on the association between total nut intake
and cancer risk, 10 articles indicated an inverse association
(10, 13, 14, 18, 21, 38, 41, 43, 45, 49), 1 study showed a
positive association (48), and others illustrated no significant
association. For tree nut intake and cancer risk, 2 studies
reported an inverse association (21, 28), whereas others
indicated no significant association. For peanut intake, none
of the articles revealed a significant association between
peanut intake and cancer incidence. Regarding peanut butter,
1 study showed an inverse association between peanut butter
intake and cancer risk (13). In the case of cancer mortality,
6 studies showed a protective association between total nut
intake and cancer mortality (52–54, 57–59). Such an inverse
association was also seen for peanut intake in 1 study (59)
and tree nut intake in another study (53), whereas others did
not find any significant association.

Findings from the meta-analysis on total nut intake and
risk of cancer
Thirty-eight studies with a total of 1,436,744 participants
and 63,844 cancer cases were included in this association
(9–30, 32, 33, 35, 36, 38–43, 45, 47–50). The summary ES
for the risk of overall cancer, comparing the highest with
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the lowest intake of total nuts, was 0.86 (95% CI: 0.81–
0.92, P < 0.001), indicating a significant inverse association
(Table 1). However, there was evidence of significant
heterogeneity between studies (I2 = 58.1%; P < 0.01).
Findings from subgroup analyses revealed that study design,
gender, sample size, follow-up duration, methods used for
the diagnosis of cancer and the assessment of nut intake,
type of ES, and cancer type explained the between-study
heterogeneity. These analyses showed a significant inverse
association between total nut intake and risk of overall
cancer in most subgroups of studies, particularly prospective
cohort studies, those that controlled their analysis for
energy intake and BMI, and studies that reported HR as
an ES.

Twenty-two articles with sufficient data for inclusion in
the dose-response analysis were identified (9–14, 16, 18, 20–
25, 27, 28, 30–33, 38, 41). We found that a 5-g/d increase
in total nut intake was associated with a 3% lower risk of
overall cancer (pooled ES: 0.97, 95% CI: 0.95–0.98, P < 0.01)
(Table 1). Excluding 3 case-control studies (18, 38, 41) and
retaining only prospective studies, the linear association
remained significant (pooled ES: 0.98, 95% CI: 0.96–0.99,
P < 0.01). Findings from the nonlinear dose-response meta-
analysis showed a nonlinear association between total nut
intake and risk of overall cancer (P-nonlinearity < 0.001)
(Figure 2A), in which the risk decreased continuously with
increasing total nut intake from zero to higher amounts.
However, a steeper decrease in the risk was seen from
0 to 3 g/d. Such a nonlinear association was observed
when the analysis was confined to prospective studies
(P-nonlinearity < 0.001) (Figure 2B). However, it was not
seen among case-control studies (P-nonlinearity = 0.09)
(Figure 2C).

Findings from the meta-analysis on different types of
nuts and risk of cancer
Tree nut intake in relation to cancer risk was examined in
7 articles with a prospective design that included 168,022
participants and 11,641 cases of cancer (9, 20–23, 28, 30).
Comparing the highest with the lowest intake of tree nuts,
a significant inverse association was seen between tree nut
intake and risk of overall cancer (pooled ES: 0.87, 95%
CI: 0.78–0.96, P < 0.01), with no significant heterogeneity
among the studies (I2 = 15.8%; P = 0.28) (Table 2). Based
on the dose-response analysis on 5 articles with complete
data (9, 22, 23, 28, 30), tree nut intake was not dose-
dependently associated with overall cancer risk (Table 2
and Figure 2D). Also, there was no significant association
between tree nut intake and specific types of cancer (Table 2).
The association between peanut butter intake and cancer risk
was assessed in 8 prospective studies with a total sample size
of 655,099 individuals and 14,305 cancer cases (9, 13, 20–
23, 28, 30) and with complete data for the dose-response
analysis. No significant association was found either in the
highest versus lowest comparison (pooled ES: 0.97, 95%
CI: 0.88–1.07, P = 0.49) or in the dose-response analyses
(Table 2 and Figure 2E). Between-study heterogeneity was

not significant in this regard (I2 = 33.9%; P = 0.10). This as-
sociation remained nonsignificant for specific types of cancer
(Table 2).

Regarding peanut intake, a total of 14 articles (9, 14,
20–23, 28, 30, 34, 37, 43, 44, 46, 51) with prospective
(n = 9) or case-control (n = 5) designs were included in
the highest versus lowest comparison. These studies enrolled
239,332 participants and 13,119 cancer cases. Comparing
the highest versus lowest intake of peanuts, there was no
significant association with the risk of overall cancer (pooled
ES: 0.92, 95% CI: 0.81–1.05, P = 0.21) (Table 2). The
heterogeneity between studies was significant; therefore, we
performed subgroup analysis for this association. Based on
this analysis, the heterogeneity was reduced after stratifying
studies by study design, geographical region, sample size,
methods used for the assessment of nut intake, follow-
up duration, cancer type, type of ES, and adjustment for
energy intake and BMI. In addition, a significant inverse
association was seen between peanut intake and risk of
overall cancer in studies with a sample size of ≥10,000
participants, and those with a follow-up duration of <15 y.
Dose-response meta-analysis on the 8 cohort studies with
sufficient data (9, 14, 20–23, 28, 30) showed that peanut
intake was not dose-dependently associated with the risk
of overall cancer (Table 2 and Figure 2F). Considering
the type of cancer, a significant inverse association was
seen between peanut intake and risk of colorectal cancer
(Table 2).

Findings from the meta-analysis on total nut intake and
risk of specific cancer
Combining 5 ESs from 4 studies (10, 12, 20, 24), including
604,266 participants and 2386 cases of pancreatic cancer, a
significant inverse association was found between total nut
intake and risk of pancreatic cancer (pooled ES: 0.83, 95%
CI: 0.72–0.97, P < 0.05) with no evidence of significant
heterogeneity between studies (I2 = 0; P = 0.43) (Table 1).
This was also the case for the dose-response analysis, in
which an increase of 5 g/d from total nut intake was
associated with a 6% lower risk of pancreatic cancer (pooled
ES: 0.94, 95% CI: 0.89–0.99, P < 0.05) (Table 1). This
association was nonlinear according to the nonlinear dose-
response analysis (P-nonlinearity < 0.05) (Figure 3A); such
that, the risk of pancreatic cancer decreased from zero to
20 g/d total nut intake; however, the risk reduction slowed
down at the dosage of 5 g/d. A similar association was seen
for lung cancer when comparing the highest and lowest
categories of total nut intake (pooled ES: 0.85, 95% CI: 0.81–
0.90, P < 0.001, I2 = 0%; P = 0.78) (Table 1), and also in
the linear dose-response analysis (pooled ES: 0.97, 95% CI:
0.95–0.98, P < 0.001) (Table 1). No nonlinear association
was found for this association (P-nonlinearity = 0.60)
(Figure 3B).

Considering 5 ESs from 4 studies (16, 26, 33, 38) that
included a total of 588,540 participants and 2604 cases
of colon cancer, the overall ES for risk of colon cancer,
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TABLE 1 Summary risk estimates for the association between total nut intake and risk of cancer in adults aged ≥18 y1

n2 Pooled ES (95% CI)3 I2 (%)4 Q-statistic5

The highest vs. lowest comparison of total nut intake6

Overall cancer 48 0.86 (0.81, 0.92)∗ 58.1 112.0∗

Study design
Prospective 33 0.90 (0.86, 0.94)∗ 10.9 35.9
Case-control 15 0.77 (0.60, 0.97)∗ 81.3 74.7∗

Gender
Male 9 0.93 (0.82, 1.05) 47.3 15.1
Female 16 0.91 (0.85, 0.98)∗ 9.4 16.5
Both 23 0.86 (0.81, 0.92)∗ 68.5 69.8∗

Geographical region
USA 17 0.86 (0.79, 0.92)∗ 47.9 30.6∗

Non-USA countries 31 0.87 (0.79, 0.96)∗ 62.8 80.6∗

Sample size, individuals
<10,000 28 0.83 (0.73, 0.94)∗ 71 93.2
≥10,000 20 0.89 (0.85, 0.92)∗ 0 18.7

Follow-up, year
<15 9 0.84 (0.80, 0.99)∗ 2.6 8.2
≥15 24 0.90 (0.85, 0.94)∗ 16.9 27.6
Nut intake assessment
Only FFQ 45 0.86 (0.80, 0.92)∗ 60.0 109.8∗

FFQ and dietary recall 3 0.94 (0.81, 1.09) 0 1.6
Cancer assessment

Medical records 33 0.87 (0.81, 0.93)∗ 57.2 74.8∗

Pathological or histological 15 0.85 (0.71, 1.02) 61.9 36.7∗

Adjustment for energy
Yes 41 0.86 (0.81, 0.92)∗ 56.9 92.1∗

No 7 0.92 (0.68, 1.24) 68.6 19.1∗

Adjustment for BMI
Yes 39 0.86 (0.81, 0.92)∗ 58.4 91.4∗

No 9 0.90 (0.67, 1.23) 60.3 20.1∗

Effect size type
HR 28 0.89 (0.85, 0.94)∗ 18.5 33.1
RR 7 0.92 (0.73, 1.16) 60.1 15.0∗

OR 13 0.73 (0.57, 0.92)∗ 79.9 59.6∗

Specific cancers
Prostate 6 0.96 (0.85, 1.10) 43.2 8.8

Colorectal 3 0.64 (0.39, 1.05) 92 24.8∗

Colon 5 0.61 (0.43, 0.85)∗ 75.9 16.6∗

Rectal 3 0.68 (0.34, 1.37) 89.2 18.5∗

Lung 5 0.85 (0.81, 0.90)∗ 0 1.7
Esophageal 5 0.84 (0.65, 1.09) 51 8.1
Gastric 7 0.88 (0.68, 1.13) 64.6 16.9∗

Pancreatic 5 0.83 (0.72, 0.97)∗ 0 3.8
Liver 1 0.84 (0.56, 1.26) — —
Breast 5 0.92 (0.84, 1.02) 14.2 4.6
Ovarian 3 0.97 (0.78, 1.21) 0 1.5
Leukemia 3 0.69 (0.32, 1.52) 87.3 15.7∗

Endometrial 2 0.77 (0.30, 2.02) 85.2 6.7∗

Glioma 2 1.15 (0.75, 1.75) 0 0.8
Linear dose-response association (per 5-g/d increase in total nut intake)6

Overall cancer 32 0.97 (0.95, 0.98)∗ 61.7 80.8∗

Study design
Prospective 29 0.98 (0.96, 0.99)∗ 31.4 40.8
Case-control 3 0.78 (0.61, 1.01) 94.9 39.4∗

Specific cancers
Colorectal 3 0.78 (0.59, 1.03) 93.5 30.9∗

Colon 4 0.75 (0.60, 0.94)∗ 84.8 19.6∗

Rectal 3 0.80 (0.53, 1.20) 90 21.9∗

Lung 4 0.97 (0.95, 0.98)∗ 0 1.9
Esophageal 5 0.91 (0.80, 1.04) 59 9.7∗

Gastric 4 0.93 (0.83, 1.04) 61.4 7.7∗

Pancreatic 5 0.94 (0.89, 0.99)∗ 16.9 4.8
Breast 4 0.98 (0.96, 0.99)∗ 0 0

1ES, effect size; RR, relative risk.
2Number of effect sizes.
3Obtained from the random-effects model.
4Inconsistency – the percentage of variation across studies due to heterogeneity.
5Obtained from the Q-test.
6Total nut intake consisted of tree nut and peanut consumption.
∗P value < 0.05.
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FIGURE 2 Nonlinear dose-response associations between total nut (A, B, C), tree nut (D), peanut butter (E), and peanut (F) intake and risk
of overall cancer in adults aged ≥18 y among all (A), cohort (B, D, E, F), and case-control studies (C). Dietary intake of nuts was modeled in
a random-effects model using restricted cubic splines with knots fixed at the 5th, 35th, 65th, and 95th percentiles of the distribution. The
dotted line indicates the linear model. The solid line represents point estimates of the association between nut intake and ESs. The dashed
line presents the 95% CI. ES, effect size.
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comparing the highest and lowest categories of total nut
intake, was 0.61 (95% CI: 0.43–0.85, P < 0.001), indicating
a significant inverse association (Table 1). Between-study
heterogeneity was significant in this regard (I2 = 75.9%;
P < 0.01). Three studies required data for the dose-response
analysis on the link between total nut intake and colon cancer
risk (16, 33, 38). Based on this analysis, a 5-g/d increase
in total nut intake was associated with a 25% lower risk of
colon cancer (pooled ES: 0.75, 95% CI: 0.60–0.94, P < 0.01)
(Table 1). Furthermore, a nonlinear association was found
in this regard in which the risk of colon cancer decreased
continuously from 2 g/d to higher amounts of total nuts;
however, this reduction slowed down at the dosage of 9 g/d
(Figure 3C).

For other types of cancer including colorectal (16, 33, 38),
rectal (16, 33, 38), prostate (9, 19, 32, 39, 42, 45), esophageal
(13, 14, 21), gastric (13, 21, 36, 47, 48), liver (28), ovarian
(15, 23, 50), endometrial (23, 43), and breast (11, 27, 30, 35,
41) cancers as well as glioma (40), there was no significant
association with total nut intake after comparing the highest
with the lowest intake (Table 1). The same results were also
observed in the dose-response analysis (Table 1, Figure 3D,
and Figure 4A–C). However, an inverse dose-dependent
association was observed for breast cancer, by considering
4 articles with complete data (11, 27, 30, 41), indicating a
2% risk reduction for a 5-g/d increase in total nut intake
(pooled ES: 0.98, 95% CI: 0.96–0.99, P < 0.05) (Table 1). This
association was nonlinear; such that, the risk of breast cancer
decreased continuously from zero to 40 g/d total nuts with a
slow reduction between 5 and 15 g/d (P-nonlinearity = 0.01)
(Figure 4D). Of note, due to a limited number of studies, we
were unable to perform dose-response analysis for glioma
and leukemia as well as for prostate, ovarian, and endometrial
cancers.

Findings from the meta-analysis on nut intake and
cancer mortality
The association between total nut intake and risk of cancer
mortality was examined in 9 articles (52–60), which enrolled
819,851 participants with 48,038 cases of cancer death.
Combining 10 ESs for comparing the highest versus lowest
intake of total nuts, we found a significant inverse association
between total nut intake and risk of cancer mortality (pooled
ES: 0.87, 95% CI: 0.82–0.91, P < 0.001), with no evidence
of significant heterogeneity among the studies (I2 = 23%;
P = 0.21) (Table 3). Considering the 9 articles in the
linear dose-response analysis (52–60), a similar result was
reached, in which a 5-g/d increase in total nut intake was
associated with a 4% lower risk of cancer mortality (pooled
ES: 0.96, 95% CI: 0.95–0.98, P < 0.001) (Table 3). This
association was found to be nonsignificant in the nonlinear
dose-response analysis (P-nonlinearity = 0.29) (Figure 5A).
Moreover, the summary ESs for cancer mortality risk when
comparing the highest versus lowest intakes of tree nuts
and peanuts were 0.82 (95% CI: 0.76–0.90) and 0.92 (95%
CI: 0.86–0.99, P < 0.05), respectively, indicating an inverse

association (Table 3). However, the dose-response meta-
analysis showed that peanut intake was not dose-dependently
associated with the risk of overall cancer (Table 3 and
Figure 5B). Due to the limited number of studies, we could
not perform dose-response analysis for tree nut intake. In
terms of peanut butter intake, no significant association was
seen with cancer mortality either in the highest versus lowest
comparison or in the dose-response meta-analysis (Table 3
and Figure 5C).

Sensitivity analyses and publication bias
Sensitivity analyses based on a fixed-effects model showed
that excluding any single study from the analysis did not
significantly alter the pooled ESs. Based on the Egger’s test,
we found no substantial publication bias for the associations
examined in the current meta-analysis, except for the
association between total nut intake and risk of overall cancer
(P < 0.001). However, the application of the trim-and-fill
method did not alter the pooled ES, indicating the results
were not affected by the publication bias.

Discussion
We found 14% and 13% risk reductions in overall cancer
with higher intakes of total nuts and tree nuts, respectively.
These risk reductions were also seen for specific cancers
including colon, pancreatic, and lung cancers in relation to
total nut intake. In the dose-response analysis, each 5-g/d
increase of total nut intake was associated with a 3% lower
risk of overall cancer. There was evidence of a nonlinear
association in which the overall cancer risk decreased when
the consumption of total nuts increased from very low levels
to higher amounts with a steeper decrease from 0 to 3 g/d.
The meta-analysis of cancer mortality risk and consumption
of total nuts and tree nuts revealed, respectively, 13% and 8%
risk reductions. To the best of our knowledge, this study is
among the first comprehensive meta-analyses to summarize
prior publications on the association of total and individual
nut intake with overall and specific cancer risk and also
cancer mortality. Moreover, 3 earlier meta-analyses of cancer
risk (61, 62, 66) had several limitations that make their
findings misleading; and 3 meta-analyses of cancer mortality
(59, 67, 83) needed to be updated.

Total and specific types of nuts and cancer risk
Our study showed a significant risk reduction for overall
cancer with the higher consumption of total nuts. In a recent
meta-analysis on 28 prospective cohorts and 5 case-cohort
studies, which enrolled 50,879 cancer cases, total nut intake
was associated with a 10% reduction in overall cancer risk
(61). Some methodological limitations may compromise the
validity of their underestimated ES. The authors included
an ineligible study in which the intake of fatty acids (from
nuts) was investigated in relation to cancer incidence (63).
This inclusion is unreasonable because nuts may affect the
risk of cancer through their fiber, selenium, and MUFA
and PUFA content, rather than only their fatty acids. They
also did not include an eligible study despite the inclusion
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TABLE 2 Summary risk estimates for the association between specific types of nuts and risk of cancer in adults aged ≥18 y1

n2 Pooled ES (95% CI)3 I2 (%)4 Q-statistic5

The highest vs. lowest comparison of nut intake
Tree nuts6 (all prospective)

Overall cancer 13 0.87 (0.78–0.96)∗ 15.8 14.2
Specific cancers

Lung 2 0.90 (0.77–1.06) 0 0.6
Esophageal 2 0.79 (0.42–1.49) 79.4 4.8∗

Gastric 2 0.85 (0.71–1.02) 0 0.4
Pancreatic 2 0.65 (0.40–1.03) 0 0.01

Peanut butter (all prospective)
Overall cancer 17 0.97 (0.88–1.07) 33.9 24.2
Specific cancers

Lung 2 0.95 (0.75–1.19) 0 0.1
Esophageal 4 1.09 (0.83–1.42) 53.4 6.4
Gastric 4 0.88 (0.72–1.08) 45.5 5.5
Pancreatic 2 0.75 (0.54–1.06) 0 0.58

Peanuts7

Overall cancer 21 0.92 (0.81–1.05) 52.4 41.9∗

Study design
Prospective 16 0.94 (0.86–1.02) 4.8 15.7
Case-control 5 1.19 (0.50–2.82) 84.6 25.9∗

Gender
Male 5 0.98 (0.82–1.19) 49.5 7.9
Female 7 0.87 (0.70–1.09) 48 11.5
Both 9 0.94 (0.70–1.26) 62.7 21.1∗

Geographical region
USA 3 0.96 (0.75–1.22) 0 1.1
Non-USA countries 18 0.91 (0.78–1.06) 58.4 40.8∗

Sample size, individuals
<10,000 17 0.97 (0.84–1.12) 53.2 34.1∗

≥10,000 4 0.74 (0.58–0.94)∗ 3.3 3.1
Follow-up, year

<15 3 0.68 (0.48–0.95)∗ 0 8.6
≥15 13 0.97 (0.89–1.05) 18.1 2.4

Nut intake assessment
FFQ 15 0.94 (0.86–1.03) 5.1 14.7
Other instruments 6 1.05 (0.53–2.07) 81.6 27.2∗

Cancer assessment
Medical records 17 0.94 (0.82–1.07) 49.1 31.4∗

Pathological or histological 4 0.80 (0.50–1.30) 70.3 10.0∗

Adjustment for energy
Yes 17 0.91 (0.82–1.01) 23.3 20.8
No 4 1.57 (0.56–4.40) 82.3 16.9∗

Adjustment for BMI
Yes 17 0.91 (0.82–1.01) 23.3 20.8
No 4 1.57 (0.56–4.40) 82.3 16.9∗

Effect size type
HR 14 0.96 (0.88–1.05) 0 9.3
RR 2 0.58 (0.34–1.00) 37.3 1.5
OR 5 1.19 (0.50–2.82) 84.6 25.9∗

Specific cancers
Colorectal 2 0.58 (0.34–0.99)∗ 37.3 1.5
Lung 2 0.92 (0.77–1.10) 0 0.5
Esophageal 3 0.87 (0.61–1.25) 35.7 3.1
Gastric 2 0.88 (0.69–1.13) 0 0.3
Pancreatic 2 0.86 (0.64–1.16) 0 0.1
Liver 5 1.30 (0.65–2.57) 80.2 20.1∗

Endometrial 2 0.76 (0.32–1.80) 81.6 5.4∗

Linear dose-response association (per 5-g/d increase)
Tree nuts6 (all prospective)

Overall cancer 7 0.90 (0.80–1.01) 27.4 8.2
Peanut butter (all prospective)

Overall cancer 14 0.99 (0.96–1.03) 0 11.6
Peanuts7 (all prospective)

Overall cancer 14 0.99 (0.97–1.01) 0 8.1

1ES, effect size; RR, relative risk.
2Number of effect sizes.
3Obtained from the random-effects model.
4Inconsistency – the percentage of variation across studies due to heterogeneity.
5Obtained from the Q-test.
6Including walnuts, pistachios, macadamia nuts, pecans, cashews, almonds, hazelnuts, and Brazil nuts.
7Including peanuts without considering peanut butter.
∗P value < 0.05.
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FIGURE 3 Nonlinear dose-response associations between total nut intake and risk of pancreatic (A), lung (B), colon (C), and colorectal (D)
cancers in adults aged ≥18 y. Dietary intake of total nuts was modeled in a random-effects model using restricted cubic splines with knots
fixed at the 5th, 35th, 65th, and 95th percentiles of the distribution. The dotted line indicates the linear model. The solid line represents
point estimates of the association between total nut intake and ESs. The dashed line presents the 95% CI. ES, effect size.

criteria (31), which resulted in fewer cases of cancer being
included in that meta-analysis. Two other meta-analyses,
which were published before 2016, found a significant reduc-
tion of 5–8% in overall cancer risk; however, they included
studies in which a combination of fruit, nut, seed, and
legume intake, rather than nut intake alone, was considered
as the exposure variable (64, 77, 78, 65). Moreover, none of
these meta-analyses examined the dose-response association
between various types of nuts and the risk of specific types of
cancer.

It should be noted that we found a substantial publication
bias for the association between total nut intake and risk of
overall cancer (P < 0.001). To handle this issue, we applied
the trim-and-fill method to calculate the bias-corrected
overall estimate (84). Based on this method, we first trimmed
the studies that caused asymmetry of the funnel plot so that
the overall effect estimate produced by the remaining studies

could be considered minimally impacted by publication bias.
We then filled imputed missing studies in the funnel plot
based on the bias-corrected overall estimate. Correcting the
potential bias by the “trim-and-fill” method provided the
same results for the association between total nut intake and
cancer risk, indicating the results were not affected by the
publication bias.

We observed an inverse association for tree nut intake,
but not for peanut and peanut butter. Consistently, previous
meta-analyses found a reduced risk of cancer in relation
to tree nut intake (24, 61). Different types of nuts contain
different compositions of nutrients; such that peanuts contain
less total fat compared with walnuts, hazelnuts, and almonds,
but a higher amount of carbohydrates, proteins, folate,
and phytosterols; and the amount of fiber, magnesium,
and calcium in almonds are much higher than those in
peanuts (85). Although peanut butter contains the beneficial
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FIGURE 4 Nonlinear dose-response associations between total nut intake and risk of rectal (A), esophageal (B), gastric (C), and breast (D)
cancers in adults aged ≥18 y. Dietary intake of total nuts was modeled in a random-effects model using restricted cubic splines with knots
fixed at the 5th, 35th, 65th, and 95th percentiles of the distribution. The dotted line indicates the linear model. The solid line represents
point estimates of the association between total nut intake and ESs. The dashed line presents the 95% CI. ES, effect size.

components of peanut, some additives such as sugar or
salt may reduce the beneficial effects of plain peanuts
(86).

In the subgroup analyses, the association between total
nut intake and cancer risk was not significant in studies that
did not control their analysis for energy intake and BMI. To
get the most benefit of nuts, it is recommended to incorporate
4–5 servings/wk nuts (14 g), seeds (14 g), and cooked dry
beans (90 g) into a heart-healthy eating pattern containing
2000 kcal/d (87). Since nuts are among the calorie-dense
foods (5.6–7 kcal/g), they raise a concern regarding weight
gain, a known risk factor for cancer. However, if they are
substituted for other food choices rather than being added
to an existing diet, weight gain may not occur. We also could
not find a significant association among studies that recruited
only men. Such data may come from the observations

that male subcohort members consumed a lesser amount
of nuts (22) and more alcohol and processed meat than
females (21).

We observed a linear dose-dependent association between
total nut intake and the risk of overall cancer and pancreatic
and colon cancers, in which there were, respectively, 3%, 6%,
and 25% risk reductions for a 5-g/d per day increase in total
nut intake. Also, in the nonlinear analysis, we found that the
risk of overall and colon cancers decreased more slowly when
the intake exceeded from 3 g/d to 9 g/d, respectively. Dose-
response associations between total nut intake and overall
cancer risk have also been reported in previous studies. In a
recent meta-analysis (61), a 20-g/d increase in total nut intake
was associated with a 10% decrease in overall cancer risk. In
the study by Aune et al. (66), there was a 15% risk reduction
for 1 serving/d (28 g/d) increment in total nut consumption.
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TABLE 3 Summary risk estimates for the association of total and specific nuts with risk of cancer mortality in adults aged ≥18 y by
considering prospective cohort studies1

n2 Pooled ES (95% CI)3 I2 (%)4 Q-statistic5

The highest vs. lowest comparison of nut intake
Total nuts6 10 0.87 (0.82, 0.91)∗ 23 14.2
Tree nuts7 3 0.82 (0.76, 0.90)∗ 0 0.03
Peanut butter 4 0.92 (0.82, 1.04) 54.1 6.5
Peanuts8 4 0.92 (0.86, 0.99)∗ 33.5 4.5

Linear dose-response association (per 5-g/d increase)
Total nuts6 10 0.96 (0.95, 0.98)∗ 30.1 12.8
Peanut butter 4 0.97 (0.91, 1.02) 46.1 5.5
Peanuts8 4 0.97 (0.92, 1.02) 48.1 5.7

1ES, effect size.
2Number of effect sizes.
3Obtained from the random-effects model.
4Inconsistency – the percentage of variation across studies due to heterogeneity.
5Obtained from the Q-test.
6Including tree nuts and peanuts.
7Including walnuts, pistachios, macadamia nuts, pecans, cashews, almonds, hazelnuts, and Brazil nuts.
8Including peanuts without considering peanut butter.
∗P value <0.05.

However, dose-response associations for specific types of
cancers were not examined in the mentioned meta-analyses.
Moreover, in the European Prospective Investigation into
Cancer and Nutrition (EPIC) study, the highest quintile
of total nut intake (>6.2 g/d) was associated with a 31%
reduction in colorectal cancer, compared with the lowest
quintile (nonconsumers) (16).

Among the 14 different cancer types reported in the in-
cluded studies, the inverse association was observed only for
colon, pancreatic, and breast cancers. The rationale behind
this differential effect of total nut intake on specific cancers
is not well understood. However, individual anticancer
components of nuts may play a role. For example, dietary
fiber in nuts can increase fecal bulking and viscosity, reduce
the time for proteolytic fermentation that results in harmful
substances, and shorten the contact time between potential
carcinogens and mucosal cells (88). Also, dietary fiber can
bind and excrete potential gut carcinogens (e.g. secondary
bile acids), reduce fecal pH in the colon, and finally provide
a healthy intestinal environment (88, 89). Moreover, ellagic
acid in nuts seems to inhibit the activation, proliferation, and
migration of pancreatic stellate cells (90), and the resveratrol
content of nuts can increase the expression of p53 target genes
and induce p53-dependent apoptosis in breast cancer cells
(91).

It should be noted that in some food cultures, salt is used
for nut processing and preparation. A high consumption
of salt is associated with an increased risk of gastric and
colorectal cancers and even all-cause mortality (92, 93).
Also, aflatoxin concentrations may increase under improper
storage conditions in different types of nuts such as peanuts,
pistachios, almonds, and walnuts (94). Aflatoxin is a myco-
toxin with carcinogenic properties produced by Aspergillus
flavus and Aspergillus parasiticus spp. (94). Therefore, the
beneficial effects of nuts might be reduced by improper
processing methods and storage conditions.

Total and specific types of nuts and cancer mortality
We found 13%, 18%, and 8% risk reductions in the risk of
cancer mortality with the higher intake of total nuts, tree
nuts, and peanuts, respectively, but no significant association
was found for peanut butter consumption. A similar result
was reached in the linear dose-response analysis, in which
a 5-g/d increase in total nut intake was associated with a
4% lower risk of cancer mortality. Two earlier meta-analyses
on 3 and 5 eligible studies, conducted before 2016, showed
14–15% risk reduction in cancer mortality with higher total
nut intake (59, 83). A recent meta-analysis of 8 prospective
studies, involving 21,353 cancer deaths, revealed significant
13%, 16%, and 7% reductions in the risk of cancer mortality
by comparing the highest versus lowest categories of total
nut, tree nut, and peanut intake, respectively (67). They also
found a linear dose-response association in which a 3% lower
risk of cancer mortality was observed by a 1 serving (28 g)
per week increment of total nut intake (67). The protective
effect of total nut intake on the prevention of cancer mortality
may be attributed to its antioxidant and anti-inflammatory
properties, for example, by reducing lipid peroxidation or
oxidative DNA damage (95). The preventive effect of nut
consumption may occur due to the presence of fiber, which
decreases the intestinal mucosa’s exposure to carcinogens, as
well as folate, which is necessary for normal cellular function,
DNA synthesis, and metabolism (96, 97). Possible reasons for
the different associations of peanut and peanut butter intakes
with cancer mortality would be the addition of partially
hydrogenated vegetable fats (containing trans fats) to peanut
butter (98). Trans fats can reduce the beneficial effects of plain
peanuts.

Strengths and limitations
We conducted the most comprehensive systematic review,
meta-analysis, and dose-response analysis on a large num-
ber of prospective cohort and case-control studies that
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FIGURE 5 Nonlinear dose-response association between total nut (A), peanut (B), and peanut butter (C) intake and risk of cancer
mortality in adults aged ≥18 y. All included studies were prospective cohorts. Dietary intake of nuts was modeled in a random-effects
model using restricted cubic splines with knots fixed at the 5th, 35th, 65th, and 95th percentiles of the distribution. The dotted line
indicates the linear model. The solid line represents point estimates of the association between nut intake and ESs. The dashed line
presents the 95% CI. ES, effect size.

investigated the association between nut intake and risk of
cancer and its mortality to overcome earlier methodological
defects and to update the previous meta-analyses in this
regard. We also performed stratified analysis to find the
association of various types of nuts with the risk of specific
types of cancer and cancer mortality. However, potential
limitations must be considered when interpreting our find-
ings. First, residual or unmeasured confounding factors may
have affected the magnitude of the association between
nut intake and risk of cancer. Although most studies had
controlled for potential confounders, some did not control
the analyses for dietary intake of other food groups (e.g.
fruits and vegetables), and some others did not consider total
energy intake and BMI as covariates. Lack of controlling
for such potential confounders might affect the independent
association between nut intake and cancer risk. Second,
participants with a higher intake of nuts may have a healthier

lifestyle; and therefore, it is unclear whether the observed
protective effect is mediated by nut consumption or through
the clustering of healthy food preferences. Third, although
we tried to assess different types of nuts in the current meta-
analysis, data on some other types such as walnut, pistachio,
and hazelnut were not sufficient for a meta-analysis. Fourth,
using different methods with different accuracy for dietary
assessment including FFQ, dietary recall, and researcher-
made questionnaires is another limitation of our meta-
analysis. Last, but not least, most of the included studies
performed a single measurement for baseline dietary nut
intake, which may not provide accurate information for long-
term nut exposure.

Conclusions
In summary, our results provide further evidence that the
higher intake of total nuts and tree nuts is associated with
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a lower risk of cancer and its mortality. Among different
types of nuts, tree nuts showed the most protective effects.
The consumption of 5-g/d total nuts is associated with a
3% reduced risk of cancer and a 4% reduction in cancer
mortality. We further understand that peanut intake may
have a weaker association in relation to cancer mortality,
but the results were not significant for peanut butter. These
findings support recommendations to increase the consump-
tion of total nuts and tree nuts in the general population.
However, caution should be considered due to the possibility
of aflatoxin contamination as well as the allergic potential
of nuts (99, 100). Our results need to be confirmed by
interventional studies. Future prospective studies should
focus on other unclear aspects of the association such as the
effect of preparation methods and the differential association
for individual tree nut intake.
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