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ABSTRACT

Previous studies have indicated a correlation between nut intake and cancer risk in humans. This meta-analysis
aimed to determine the relationship between nut consumption and the risks of cancer incidence and mortality.
The PubMed, Embase, and Web of Science databases were searched up to August 2019. Relative risks and 95%
confidence intervals were calculated using random-effects and fixed-effects models. We included 38 studies on
nut consumption and cancer risk and 9 studies on cancer-specific mortality. Compared with no nut intake, nut
intake was associated with a lower cancer risk (Relative Risk=0.90; 95% confidence interval, 0.86—0.94). Inverse
associations were observed with colorectal cancer, gastric cancer, pancreatic cancer, and lung cancer in
subgroup analyses. Tree nut consumption was found to reduce cancer risk (Relative Risk=0.88; 95% confidence
interval, 0.79-0.99). Dose-response curves suggested that protective benefits against cancer increased with
increased nut intake (P=0.005, P-nonlinearity=0.0414). An inverse correlation with cancer-specific mortality
(Odd Ratio=0.90; 95% confidence interval, 0.88-0.92) was observed. In conclusion, nut consumption is inversely
associated with the risks of cancer incidence and mortality; a higher intake is significantly associated with a
lower cancer risk.

INTRODUCTION

Cancer is a major public health challenge worldwide.
Because of the rapid growth and aging of the world
population, cancer is predicted to be the leading cause
of death globally in the 21% century. Moreover, cancer
is expected to be the predominant challenge to an
increasing life expectancy. Global Cancer Statistics
2018 estimated that 18.1 million new cancer cases and

9.6 million cancer deaths occurred globally in 2018 [1].
An estimated 606,880 cancer deaths and 1,762,450
cancer diagnoses occurred in the US in 2019 [2]. Given
the rapid growth of global cancer morbidity and
mortality rates, cancer prevention has significant
implications for reducing the global health burden.

There is growing interest in nuts and their health
benefits. Results from several epidemiological studies
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have revealed beneficial effects of nut consumption on
health outcomes [3, 4]. Nuts are available worldwide,
rich in nutrients, and composed of a hard shell with an
edible kernel. Almonds, hazelnuts, cashew nuts, Brazil
nuts, macadamias, walnuts, and pistachios are classified
as tree nuts. Nutrient-dense tree nuts as well as peanuts
have unique nutritional functions. Nuts are included in
most human diets; are rich in nutrients such as proteins,
monounsaturated and polyunsaturated fatty acids
including long-chain n-3 fatty acids, fiber, antioxidants,
and several other bioactive compounds; and have proven
beneficial health effects [5]. Relevant epidemiological
studies have suggested that nuts, because of their
protective effects on health, are essential components in
healthy and balanced diets. Furthermore, the beneficial
effects of nuts on chronic diseases [5-10] have been
confirmed. As expected, recent epidemiological studies
identified an inverse correlation between frequent nut
consumption and the risks of cancer incidence [4] and
mortality [8]. However, other studies observed no
significant association [11, 12]. Therefore, these
conclusions require further investigation. Additionally,
there is insufficient evidence on the association between
specific nut types and different cancer types [4, 8, 13,
14]. Furthermore, current studies show no evidence of
the association between nut intake and cancer risk from
a dose-response analysis. Moreover, no exclusive meta-
analyses have been conducted to assess the correlation
between nut consumption and the risks of cancer
incidence and mortality, while previous meta-analyses
included other diseases such as strokes, diabetes, and
cardiovascular diseases [4, 8, 15]. Hence, the current
meta-analysis aimed to determine the relationship
between nut consumption and the risks of cancer
incidence and mortality and provide an updated and
comprehensive assessment using available studies.

RESULTS
Literature search

Figure 1 shows the overall search process and the study
selection and inclusion processes. A total of 1842
studies were identified by searching the databases,
while 4 additional studies were identified through
relevant reviews and meta-analyses. After the title and
abstract review and exclusion of duplicates, 72 studies
were reviewed in full. After excluding 28 unqualified
articles, we included 38 studies (35 publications, one
publication reporting 1 cohort study and 1 case-control
study at the same time, and 2 publications reporting 2
different cancer studies each) on nut consumption and
cancer risk, including 22 cohort studies and 16 case-
control studies. Nine studies were selected for the
analysis of the association between nut consumption
and cancer-specific mortality.

Characteristics of the included studies

The characteristics of the included 38 studies are
presented in Supplementary Table 1. These selected
studies were published between 1985 and 2019. Among
the studies on cancer risk, 28 were from developed
countries (USA, Sweden, Japan, Canada, Korea,
Australia, Greece, and Netherlands) and the remaining 10
studies were from developing countries (Iran, Jamaica,
Egypt, Iran, and China). The analysis involved 10 cancer
types. The study participants were mainly adults. Dose-
response analyses of nut intake and cancer risk were
performed in 16 cohort studies (12 publications; 1
reporting 4 sub-studies; and 1 reporting 2 sub-studies).
Eleven studies exclusively included men, while 16
studies were conducted exclusively in women. 32 studies
recorded the mean age of the study population at
baseline, while 6 studies provided age in groups.
Supplementary Table 2 shows the characteristics of the 9
cohort studies on cancer-specific mortality. All included
studies reported estimations after the adjustment for
covariates. Detailed quality scores for each study are
listed in Supplementary Tables 1, 2. Moreover, dietary
data in most of the included studies were collected using
a validated 62-item Food Frequency Questionnaire
developed by Wadolowska and Niedzwiedzka [16].
Overall, the included studies (31 cohort studies, 16 case-
control studies) were of high quality. The quality
evaluation score of the former ranged from 7 to 9 points,
while that of the latter ranged from 6 to 9. The average
overall quality score was 7.8.

Nut intake and the risk of total cancer

The results of the meta-analysis of the association
between nut intake and total cancer risk calculated by
the random-effects model are presented in Figure 2. The
pooled estimations of 38 studies identified an overall
negative correlation (RR = 0.90; 95% CI, 0.86-0.94; P
< 0.001) between nut intake and no nut intake with
existing evidence of heterogeneity (P < 0.001, |2 =
77.9%). Meta regression analysis was also performed
according to study quality scores and adjustment for
age, and the estimated values of regression coefficients
were -0.025 and -0.003, respectively. And both the
results showed that the study quality (t? = 0.017, P =
0.540) and age (t? = 0.009, P = 0.368) were not the
sources of the heterogeneity. Results from the
sensitivity analysis indicated that after the exclusion of
individual studies from the analysis one by one, the
overall results of the analysis of total cancer remained
consistent (Supplementary Figure 1). Given the large
study span, we also conducted a sensitivity analysis by
year (newer studies published after 2010, older studies
published in or before 2010); the results remained
consistent (Supplementary Figures 2, 3). Furthermore,
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no obvious asymmetry was observed in the funnel plots
(Supplementary Figure 4) for nut consumption and
cancer risk. We obtained values of P = 0.203 on Egger’s
linear regression test and P = 0.294 on Begg’s test.
Therefore, we found no publication bias in our study.

Subgroup analyses
The results of subgroup analylses stratified by study

design, sex, cancer type, nut category, and socioeconomic
status are shown in Table 1. No significant difference was

observed among the cohort studies (RR = 0.93; 95% ClI,
0.89-0.97; P = 0.001) and the case-control studies
(RR = 0.84; 95% CI, 0.74-0.96; P = 0.012) for overall
cancer (Supplementary Figure 5).

A significant inverse association was observed between
nut intake and cancer risk in women (RR = 0.87;
95% CI, 0.79-0.95; P = 0.001), but the protective
effect of nuts was not statistically significant in men
(RR = 0.92; 95% CI, 0.84-1.01; P = 0.080)
(Supplementary Figure 6).

1842 records identified through
PubMed, Web of Science and
EMBASE database searching

4 additional records identified
through review articles

A4

Y

1509 records after duplicates removed

1437 records excluded based

A 4

72 records reviewed in full

A4

on title and/or abstract

28 publications excluded:

A

for eligibility

44 full-text articles assessed

A 4

Y

6 reviews

7 meta-analyses

5 unspecific exposures (combined
with fruits or legumes or Pulses or
Beans, lentils)

6 blood disease

4 not usable results

47 studies (44 articles, 1 article reported 1
cohort study and 1 case-control study, 2
articles each reported 2 cancer studies)

included in analysis

Y

mortality)

47 studies (38 reported on nut intake and
cancer risk, 9 reported on cancer-specific

Figure 1. The process of identification and inclusion of studies.
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On the basis of socioeconomic status, an inverse
relationship was observed mainly in developed countries
(RR = 0.90; 95% ClI, 0.86-0.94; P < 0.001), and no
significant association was observed in developing
countries (RR = 0.90; 95% ClI, 0.72-1.13; P = 0.365).
We also analyzed the effect of nut type on cancer risk,
and the results suggested that tree nut consumption
was associated with a reduced cancer risk (8 studies,
RR = 0.88; 95% CI, 0.79-0.99; P = 0.03; I1?> = 57.5%)).
However, no significant association was identified in the
case of studies on peanut (13 studies, RR = 0.94; 95%

Cl, 0.84-1.04; P = 0.225; I>= 67.4%) and peanut butter
(7 studies, RR = 1.06; 95% CI, 0.99-1.13; P = 0.081,;
12=0) consumption.

Figure 3 shows the results of subgroup analysis stratified
by cancer type. Nut consumption was negatively
correlated with gastric cancer (5 studies, RR = 0.83;
95% CI, 0.71-097; P 0.017), colorectal cancer
(5 studies, RR = 0.77; 95% CI, 0.63-0.94; P = 0.011),
pancreatic cancer (3 studies, RR = 0.89; 95% CI, 0.81-
0.98; P = 0.015), and lung cancer (3 studies, RR = 0.89;

Study 9

ID RR (95% CI) Weight
Boudewijns (2019) - 1.05 (0.95, 1.15) 3.96
Mireia (2019) - 0.93 (0.85, 1.03) 3.94
Hashemian(1) (2018) —_—— 0.91(0.75, 1.12) 2.40
Lee(1) (2018) —— 0.63 (0.55, 0.72) 3.26
Nieuwenhuis(1) (2018) —— 1.07 (0.95, 1.20) 3.66
Nieuwenhuis(2) (2018) - 0.83 (0.76, 0.90) 4.19
Nieuwenhuis(3) (2018) —— 0.91 (0.78, 1.05) 3.10
Nieuwenhuis(4) (2018) —— 0.91 (0.81,1.02) 3.73
Hashemian(2) (2017) —— 0.95 (0.84, 1.07) 3.51
Hashemian(3) (2017) - 0.80 (0.72, 0.89) 3.81
Lee(2) (2017) . 0.89 (0.87, 0.92) 4.80
Lee(3) (2017) —— 0.81 (0.71, 0.93) 3.31
van den Brandt (2017) —— 0.95 (0.85, 1.07) 3.65
Wang (2016) * 1.04 (0.99, 1.08) 4.67
Yang (2016) - 0.96 (0.87, 1.06) 3.93
Alejandro D (2015) —_—— 0.41 (0.29, 0.58) 1.18
Farvid (2014) - 0.97 (0.91, 1.03) 4.48
Liu (2014) —— 0.83 (0.74, 0.93) 3.68
Bao (2013) —— 0.78 (0.65, 0.93) 2.70
Jackson (2013) —_—— 1.06 (0.72, 1.54) 1.06
Moller (2013) —_— 1.03 (0.84, 1.25) 2.45
Takayama (2013) —_— 0.87 (0.63, 1.20) 1.33
Ibiebele (2012) —— 0.81(0.72, 0.93) 3.45
Wang (2012) + 0.90(0.37,2.17) 0.24
Hedelin (2011) —_— 0.88 (0.56, 1.38) 0.80
Raimondi (2010) —_— 0.74 (0.50, 1.10) 0.97
Soliman (2010) + ' 0.62(0.22,1.71) 0.18
Thiebaut (2009) -~ 1.04 (0.97, 1.13) 4.25
Sonestedt (2008) —— 0.97 (0.84, 1.13) 3.10
Yeh (2006) —_— 0.60 (0.40, 0.91) 0.94
Jenab (2004) - 0.95 (0.87, 1.04) 3.98
Pan (2004) —— 1.13 (0.94, 1.36) 2.62
Yu (2002) a— 0.66 (0.32, 1.36) 0.34
Singh & Fraser (1998) — 0.68 (0.51, 0.90) 1.60
Hoshiyama & Sasaba (1992) —_—— 0.65 (0.43, 0.99) 0.89
Chen (1991) A 1.44 (0.94, 2.21) 0.87
Mills (1989) —_— 0.83 (0.63, 1.10) 1.62
Trichopoulos (1985) —t——— 1.24 (0.90, 1.71) 1.36
Overall (l-squared = 77.9%, p = 0.000) ¢ 0.90 (0.86, 0.94) 100.00
NOTE: Weights are from rellndom effects analvsig'; :

.223

1

Figure 2. Overall meta-analyses of the association between nut intake and the risk of cancer. Note: Weights are from the
random-effects analysis. Abbreviations: RR, relative risk; Cl, confidence interval.
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Table 1. Subgroup analyses of nut consumption and cancer risk.

Number of Results Heterogeneity
studies RR 95%ClI P value 12 (%) P value
All 38 0.90 (0.86-0.94) <0.001 77.9 <0.001
Subgroup
Study design
Cohort 22 0.93 (0.89-0.97) 0.001 74.9 <0.001
Case-control 16 0.84 (0.74-0.96) 0.012 77.5 <0.001
Gender
Female 16 0.87 (0.79-0.95) 0.001 81.8 <0.001
Male 11 0.92 (0.84-1.01) 0.08 73.1 <0.001
Socioeconomic status
Developed country 28 0.90 (0.86-0.94) <0.001 80.5 <0.001
Developing country 10 0.90 (0.72-1.13) 0.365 42 0.111
Cancer type
Breast cancer 6 0.90 (0.80-1.01) 0.067 85 <0.001
Esophagus cancer 3 0.97 (0.88-1.06) 0.498 0 0.427
Gastric cancer 5 0.83 (0.71-0.97) 0.017 54.4 0.067
Colorectal cancer 5 0.77 (0.63-0.94) 0.011 88.2 <0.001
Prostate cancer 6 1.03 (0.99-1.07) 0.139 2.2 0.402
Pancreatic cancer 3 0.89 (0.81-0.98) 0.015 31.3 0.231
Lung cancer 3 0.89 (0.87-0.92) <0.001 0 0.369
Ovarian cancer 3 0.94 (0.73-1.21) 0.61 75.5 0.017
Endometrial cancer 1 0.87 (0.63-1.20) 0.391 - -
Liver cancer 3 0.93 (0.50-1.71) 0.808 57.3 0.096
Nuts type
Peanut 13 0.94 (0.84-1.04) 0.225 67.4 <0.001
Tree nut 8 0.88 (0.79-0.99) 0.03 57.5 0.021
Peanut butter 7 1.06 (0.99-1.13) 0.081 0 0.499

Abbreviations: RR, relative risk; Cl, confidence interval.

95% CI, 0.87-0.92; P < 0.001). On the contrary,
there was no significant association between nut
consumption and breast cancer (6 studies, RR = 0.90;
95% CI, 0.80-1.01; P = 0.067), esophageal cancer
(3 studies, RR = 0.97; 95% Cl, 0.88-1.06; P = 0.498),
prostate cancer (6 studies, RR = 1.03; 95% CI, 0.99-
1.07; P = 0.139), ovarian cancer (3 studies, RR = 0.94;
95% ClI, 0.73-1.21; P = 0.610), endometrial cancer (1
study, RR = 0.87; 95% Cl, 0.63-1.20; P = 0.391), and
liver cancer (3 studies, RR = 0.93; 95% CI, 0.50-1.71;
P =0.808). Moreover, there was no publication bias in
this subgroup analysis (P = 0.185 for Egger’s test and
P =0.296 for Begg’s test) (Supplementary Figure 7).

Dose-response analysis

We conducted an additional dose-response analysis
by pooling 16 cohort studies (12 publications, 1

consisting of 4 sub-studies, and 1 publication reporting
2 sub-studies) to confirm the beneficial effect of nuts.
We observed interstudy heterogeneity (1> = 77.0%)
(Supplementary Figure 8). The findings showed that
increasing the intake of nuts by 15 g per day can
reduce the risk of cancer by 11% (RR = 0.89; 95%
Cl, 0.83-0.96; P = 0.005) (Figure 4), with little
heterogeneity observed. A nonlinear dose-response
meta-analysis showed that when nut consumption
increased from 0 to 5 g/day (P-nonlinearity = 0.0414),
the dose-response curve showed an obvious downward
trend (Supplementary Figure 9), and further reductions
were observed when the intake increased to more
than 10 g¢/d. Because the P-value for nonlinearity
is critical, we conducted a linear dose-response meta-
analysis (Supplementary Figure 10), which also
showed a lower trend for risk with higher nut
consumption.
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Study %
ID RR (95% Cl) Weight
PC :
Boudewijns (2019) —— 1.05 (0.95, 1.15) 4.03
Wang (2016) -> 1.04 (0.99, 1.08) 4.73
Jackson (2013) —_— 1.06 (0.72, 1.54) 1.10
Moller (2013) —_— 1.03 (0.84, 1.25) 2.51
Raimondi (2010) —_—— 0.74 (0.50, 1.10) 1.01
Mills (1989) 0.83 (0.63, 1.10) 1.67
Subtotal (I-squared = 2.2%, p = 0.402) 7 1.03 (0.99, 1.07) 15.07
PCC
Mireia (2019) —— 0.93 (0.85, 1.03) 4.01
Nieuwenhuis (2018) —— 0.91(0.78, 1.05) 3.17
Bao (2013) —_— 0.78 (0.65, 0.93) 2.78
Subtotal (I-squared = 31.8%, p = 0.231) <>| 0.89 (0.81, 0.98) 9.96
EC :
Hashemian (2018) —_—— 0.91 (0.75,1.12) 2.47
Nieuwenhuis (2018) —— 1.09 (0.89, 1.33) 2.45
Hashemian (2017) —— 0.95 (0.84, 1.07) 3.59
Subtotal (I-squared = 0.0%, p = 0.427) <> 0.97 (0.88, 1.06) 8.51
- I
CRC I |
Lee (2018) —_—— 0.63 (0.55,0.72) 3.34
Yang (2016) —— 0.96 (0.87, 1.06) 4.00
Yeh (2006) —_— 0.60 (0.40, 0.91) 0.97
Jenab (2004) —— 0.95 (0.87, 1.04) 4.06
Singh & Fraser (1998) —_— 0.68 (0.51, 0.90) 1.65
Subtotal (l-squared = 88.2%, p = 0.000) - 0.77 (0.63, 0.94) 14.02
- I
GC I
Nieuwenhuis (2018) — 0.76 (0.66, 0.88) 3.31
Hashemian (2017) —— 0.80 (0.72, 0.89) 3.88
Wang (2012) * 0.90 (0.37,2.17) 0.25
Hoshiyama & Sasaba (1992) —— r 0.65 (0.43, 0.99) 0.93
Trichopoulos (1985) —_—— 1.24 (0.90, 1.71) 1.41
Subtotal (l-squared = 54.4%, p = 0.067) - 0.83 (0.71,0.97) 9.77
. I
LC
Nieuwenhuis (2018) —— 0.91 (0.81, 1.02) 3.80
Lee(1) (2017) . 0.89 (0.87, 0.92) 4.86
Lee(2) (2017) —_—— 0.81(0.71,0.93) 3.38
Subtotal (l-squared = 0.0%, p = 0.369) 0 0.89 (0.87, 0.92) 12.05
. I
BC
van den Brandt (2017) —— 0.95 (0.85, 1.07) 3.73
Alejandro D (2015) —_— 0.41(0.29, 0.58) 1.22
Farvid (2014) - 0.97 (0.91, 1.03) 4.55
Liu (2014) — 0.83 (0.74, 0.93) 3.75
Thiebaut (2009) - 1.04 (0.97,1.13) 4.32
Sonestedt (2008) —_— 0.97 (0.84,1.13) 3.17
Subtotal (l-squared = 85.0%, p = 0.000) < 0.90 (0.80, 1.01) 20.75
I
EndC !
Takayama (2013) —_—— 0.87 (0.63, 1.20) 1.38
Subtotal (I-squared = .%, p =.) —_— 0.87 (0.63, 1.20) 1.38
1
oC
Ibiebele (2012) —— 0.81(0.72,0.93) 3.53
Hedelin (2011) * 0.88 (0.56, 1.38) 0.83
Pan (2004) e 1.13 (0.94, 1.36) 2.69
Subtotal (I-squared = 75.5%, p = 0.017) --..:::::- 0.94 (0.73, 1.20) 7.04
LvVC !
Soliman (2010) + . 0.62 (0.22, 1.71) 0.19
Yu (2002) + ' 0.66 (0.32, 1.36) 0.36
Chen (1991) ! * 1.44 (0.94, 2.21) 0.90
Subtotal (l-squared = 57.3%, p = 0.096) S R 0.93 (0.50, 1.71) 1.45
Overall (I-squared = 77.5%, p = 0.000) 0.90 (0.86, 0.94) 100.00
NOTE: Weights are from ranldom effects analysis ! I

223 1 2.2

Figure 3. Subgroup analyses of the association between nut intake and specific types of cancer. Note: Weights are from the
random-effects analysis. Abbreviations: PC, prostate cancer; EC, esophagus cancer; CRC, colorectal cancer; GC, gastric cancer; PCC, pancreatic
cancer; LC, lung cancer; BC, breast cancer; EndC, endometrial cancer; OC, ovarian cancer; LVC, liver cancer, RR, relative risk; Cl, confidence
interval.
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Nut consumption and cancer-specific mortality

The relevant RRs of nut consumption and cancer
mortality were calculated using the random-effects model
(Figure 5). The association between nut consumption
and cancer-specific mortality was evaluated based on 9
studies, which accounted for 49,161 cancer deaths. There
was a significant reduction in the risk of cancer-specific
mortality in cases of nut consumption versus no nut
consumption (OR = 0.90; 95% ClI, 0.88-0.92; P < 0.001),
and little evidence of heterogeneity (P = 0.316, I°> =
14.2%) was found in this analysis.

DISCUSSION

The association between frequent nut consumption and a
reduced risk of chronic diseases such as cardiovascular
disease [8] and type 2 diabetes [8] has been well
established. Nut intake does not cause weight gain, but it
improves body mass index and reduces the risk of obesity

[6, 17]. There has been a recent public increase in interest
in the association between nut consumption and cancer
[8, 18-23]. Recent studies have indicated a significant
association between nut consumption and cancer risk
and mortality [4, 8]. A meta-analysis including 36
observational studies in 2015 on nut consumption, cancer
risk, and type 2 diabetes mellitus showed that nut intake
can reduce the risk of colorectal, endometrial, and
pancreatic cancers [4]. Thirteen studies have been
published since 2015, of which 9 reported no significant
association with cancer types. Further studies are
required to determine the association between different
nut categories and specific cancer types. Moreover,
unlike previous meta-analyses on nut intake and cancer
that involved studies on cardiovascular diseases, diabetes,
and other metabolic diseases, this meta-analysis, which
focused exclusively on the association between nut
consumption and the risks of cancer incidence and
mortality, is indispensable. Therefore, a comprehensive
understanding of this association was attained.

Study %
ID Nut Intake, per 15g/d RR (95% CI) Weight
Boudewijns (2019) i-]o- 1.05(0.94, 1.17) 10.46
Mireia (2019) —:0-— 0.91(0.71,1.17) 5.03
Nieuwenhuis(1) (2018) —— 0.57 (0.34, 0.95) 1.67
Nieuwenhuis(1) (2018) —E—-O— 1.10 (0.78, 1.55) 3.31
Nieuwenhuis(1) (2018) —:0-— 0.92 (0.64, 1.31) 3.07
Nieuwenhuis(1) (2018) — 0.72 (0.57,0.91) 5.70
Nieuwenhuis(2) (2018) —*:—- 0.86 (0.69, 1.07) 6.01
Nieuwenhuis(3) (2018) — 0.81(0.64,1.03) 5.36
Nieuwenhuis(3) (2018) := 0.93 (0.62, 1.37) 2.62
Lee (2017) TI 0.92(0.88,0.97) 13.16
van den Brandt (2017) —ol— 0.95(0.77,1.17) 6.32
Wang (2016) - 0.98 (0.93,1.05) 12.58
Yang (2016) — 0.73 (0.51,1.05) 2.95
Farvid (2014) _.._ 0.94 (0.85,1.03) 10.93
Bao (2013) — E 0.35(0.35,0.78) 2.61
Jenab (2004) - 0.93 (0.79,1.09) 8.22
Overall (l-squared = 65.8%, p = 0.000) O 0.89 (0.83,0.96) 100.00
NOTE: Weights are from random effects an:alysis

| |

5 1

1.5

Figure 4. The meta-analysis of the association between nut intake (per 15 g/day) and risk of cancer. Note: Weights are from the
random-effects analysis. Abbreviations: RR, relative risk; Cl, confidence interval.
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This meta-analysis comprised the most up-to-date and
comprehensive studies (47 studies) to assess the
association between nut consumption and risk of cancer
incidence and cause-specific mortality. Large studies
such as the European Prospective Investigation into
Cancer and Nutrition (EPIC) [24], PREvencion con
Dleta MEDiterrdnea study (PREDIMED clinical trial)
[25], Nurses’ Health Study, and Health Professionals
Follow-up Study (the NHS and the HPFS) [26] were
included in the analysis. Our meta-analysis indicated that
frequent nut consumption was significantly associated
with a reduced total risk of cancer. Compared to 9 cohort
studies (18,490 cases and 304,285 participants) in a
previous meta-analysis [8], we included 16 cohort
studies (43,328 cases and 1,903,651 participants) in our
dose-response analysis of cancer risk and nut intake. We
found that there was a significant association between
increased nut intake and reduced cancer risk.
Furthermore, the dose-response relationship was
nonlinear. This finding is similar to that of a previous
study [8] showing nonlinear associations between nut
intake and cardiovascular disease risk, stroke risk, and
all-cause mortality.

Study

D

Amba (2019) -~
Liu (2018) =
Eslamparast (2016) —

Bonaccio (2015)

Brandt (2015) —
Hshieh (2015) _._
Luu (2015) —
Bao (2013) ~

Guasch-Ferré1 (2013)
Overall {l-squared = 14.2%, p = 0.316) @

MNOTE: Weights are from random effects analysis

A large number of recent studies have described the
anticancer mechanisms of nuts, stating that nuts inhibit
cancer progression by altering lipid metabolism. Other
recent studies have reported that nuts reduce the ingestion
of low-density lipoprotein (LDL) and elementary fatty
acids [6], thereby lowering cholesterol levels, reducing
the storage of cholesteryl ethers in cancer cells, and
possibly inhibiting tumor cell proliferation and cancer
development. Moreover, studies have shown that a high
intake of nuts can reduce endothelial dysfunction [27],
lipid peroxidation [28], and insulin resistance [29]. Some
studies recently found that oxidative damage and insulin
resistance facilitate the occurrence and development of
cancers [30]. The antioxidant components [31] present in
nuts have moderate antioxidant capacity and reduce
oxidative DNA damage [6] and cell proliferation [32]
while decreasing inflammatory reactions [33] and the
accumulation of circulatory insulin-like growth factor 1
[34]. Furthermore, the anticancer antioxidant components
in nuts can induce apoptosis [35], inhibit angiogenesis
[36], and change the gut microbiota [37]. This evidence
supports the claim that nuts play an important role in
cancer prevention.

%

OR (95% Cl) Weight

0.89 (0.87,0.92) 36.82
0.90 (0.82,0.99) 5.44
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0.86(0.78,0.94) 578
0.89 (0.80,0.99) 4.30
0.90 (0.86,0.95) 16.01
0.92(0.89,0.95) 27.78
0.70 (0.51,0.96) 0.49
0.90 (0.88,0.92) 100.00

|
5

1.5

Figure 5. Association between nut intake and cancer-specific mortality. Note: Weights are from the random-effects analysis.

Abbreviations: OR, odds ratio; Cl, confidence interval.
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Due to variability in study design, we conducted a
subgroup analysis by classifying the studies into cohort
and case-control categories. No statistically significant
difference was observed among the subgroups.
Considering the variations in public health, medical
status, and quality of life among different countries,
subgroup analyses were conducted according to
socioeconomic status. An inverse association between
cancer and nut intake was observed in developed
countries but not in developing countries. Since a low
socioeconomic status leads to low health care utilization
and quality of life, a decreased focus on health, and low
nut consumption due to the high cost of beneficial tree
nuts in the universal market, socioeconomic inequality
leads to differences in cancer incidence [2] and nut
consumption levels. Hence, improving the distribution
of medical services and eradicating the socioeconomic
disparities among disadvantaged groups and countries
would undoubtedly accelerate the progress against
cancer.

A significant inverse association between nut intake and
cancer risk was observed in women but not in men, with
no evidence of statistically significant heterogeneity.
Similarly, the NHS, a large prospective study with
83,818 female participants, indicated that nut intake may
reduce the risk of diabetes mellitus in women by 29%
[9]. However, the Physicians’ Health Study, a
prospective cohort study of 20,224 male subjects,
reported no significant association between nut
consumption and the incidence of diabetes mellitus [38].
Moreover, the results from the BMES, a population-
based cohort study with subgroup analyses of 2,893
participants, reported a statistically significant
association between nut consumption and specific
mortality from cardiovascular disease (CVD) and stroke
in women but not in men [39]. The sex-specific
discrepancy observed in the studies on diabetes mellitus,
cancer, CVD, and stroke has not been fully explained in
these studies [9, 38, 39]. It is speculated that the diverse
reproductive hormone milieu may account for the
observed sex-based discrepancy [39]. Moreover, the
contingency may contribute to sex-based differences; for
example, different sample sizes between men and
women. Furthermore, the possibility of developing
several types of cancers including gastric, colorectal,
pancreatic, and lung cancers is higher in men than in
women, which may account for this difference. Further
studies on these sex-based differences are required.

We also conducted a subgroup analysis of the specific
types of cancer. Inconsistent with a similar meta-analysis
in 2015 [4], inverse associations were observed between
nut intake and the risk of gastric, lung, colorectal, and
pancreatic cancers. A statistically significant association
was found between nut intake and a lower risk of

endometrial cancer after pooling of the estimates from
two included studies on endometrial cancer. Our study
included only one study on endometrial cancer; another
study was excluded because it examined nut intake
combined with the intake of other foods. Therefore,
given the limited evidence, wedid not find an
association indicating a reduced risk of endometrial
cancer. We identified a significant inverse association
between a reduced cancer risk and the consumption of
tree nuts but not with the consumption of peanuts or
peanut butter. Among the included studies, there were
more studies on peanuts than on tree nuts; thus, this
result may not be statistically significant. A randomized-
controlled trial [40] suggested that different types of nuts
exert different effects on cardiovascular risk and that
only tree nuts were related to the reduced risk of cancer,
which supports our results to a certain extent. Because of
the limited evidence on specific nut subtypes, further
research studies on specific nuts and their association
with different cancer types and other health outcomes
are warranted.

We detected inter-study heterogeneity in this meta-
analysis, probably because of several confounding
factors. Subgroup analyses were conducted to explore
the sources of heterogeneity among the included studies
stratified by study design, sex, socioeconomic status,
cancer type, and nut category. And we also regressed
the study characteristics including study quality scores
and adjustment for age. The sensitivity analyses were
also performed for all studies and the studies published
before and after 2010. Considering there were no
qualitative changes in people's lifestyles and eating
habits before and after 2010, and the two groups results
showed largely coincident confidence intervals, so the
findings cannot show a statistically significant
difference before and after 2010. And it may have been
a false negative results of the older studies. What’s
more, no significant source of heterogeneity was
identified. Therefore, we calculated the summary RRs
with 95% Cls using the random-effects model to reduce
deviations in the association. Moreover, we found no
significant publication bias. The consistent results and
sensitivity obtained from several subgroup analyses
confirm the robustness and reliability of our study.

The main safety considerations of an increased nut
intake are possible weight gain, anaphylactic reaction,
and potential toxicity [41], particularly by aflatoxins.
Contrary to expectations, studies have found a
significant  relationship  between  frequent  nut
consumption and reduced weight gain [7]. Moreover,
studies have identified allergenic seed storage proteins
that elicit the production of specific immunoglobulin E
antibodies [42], which are responsible for allergic
reactions to nuts. Once nut allergy is firmly established,
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prevention of subsequent episodes tends to be clinically
worse, especially for children. Therefore, increasing
one’s nut intake should only be recommended for
affected patients when an anaphylactic reaction is
absent. Aflatoxin [43] contamination must be avoided as
well. The Dietary Guidelines for Americans recommend
a minimum portion of 30 g/day of nuts, seeds, and
legumes since they may have beneficial effects on
human health [44]. However, in the current studies, only
2% of nut consumers reported an intake >30 g/day.
Moreover, as per the dietary recommendation of
the American Heart Association [45], our study
recommends the consumption of 4-5 servings of nuts
(1 serving = 28 g) every week as part of a healthy diet.

Several studies have assessed the relationship between
nut consumption and cancer-specific mortality, albeit
with discordant results. The findings of the BMES, in
which participants were followed up for 15 years,
indicated no significant correlation between nut
consumption and cancer-specific mortality  [39].
However, after performing both fixed-effects and
random-effects in our meta-analysis, the similar results
show that nut intake exerted a beneficial effect on
reducing cancer mortality, which is really a sign of
robustness and show no statistically significant
heterogeneity existing. Additionally, the results from the
NHS and HPFS [26] were partly in line with our results.
In short, our results confirm that nut intake can decrease
cancer-specific mortality and suggest increasing one’s
nut intake to promote health.

The strengths of this study are as follows. First, compared
with previous meta-analyses including other diseases,
this is the first meta-analysis to exclusively assess the
correlation between nut consumption and cancer
occurrence and mortality. Second, the included studies
are of high quality and have large sample sizes, which
enables an effective assessment. Third, the pooled RRs
with 95% Cls were calculated for comparisons between
nut consumption and non-consumption instead of those
between the highest and lowest categories of nut
consumption, which can exaggerate the correlations.
Fourth, we updated the dose-response analysis of nut
intake and cancer risk. In addition, we had sufficient
statistical data to detect significant correlations in diverse
subgroups stratified by study design, sex, socioeconomic
status, cancer type, and nut category.

This study has potential limitations that warrant
consideration. First, we did not search for unpublished
studies or unconventional articles, which are difficult to
obtain. Hence, a relatively conservative conclusion was
drawn on the basis of the available data. Second, nut
intake information was not updated in a timely manner
during the course of follow-up in some of the cohort

studies included in the analysis, and recall bias may
exist in the case-control studies, which may result in
deviations of estimates from actual nut consumption.
Third, despite subgroup and sensitivity analyses, the
source of heterogeneity remains unknown, although it
might be explained by other factors (such as differences
in races, BMI values, measurement of nut intake in
individual studies, consumed nut quality). Fourth, since
only one study reported the relevant RRs for
endometrial cancer, we could not obtain combined
results for the risk of endometrial cancer. Finally,
studies with negative results may not have been
published, resulting in potential publication bias.

In conclusion, the long-term consumption of nuts
appears to be significantly correlated with a reduced
risk of cancer incidence and mortality, as higher intake
of nuts was significantly associated with a lower cancer
risk. Furthermore, increasing one’s intake of nuts by 15
g per day may greatly benefit human health.

MATERIALS AND METHODS

This study was conducted according to the guidelines
provided by the Preferred Reporting Items for
Systematic Review and Meta-Analysis statement [46].
Two authors (Dai Zhang and Cong Dai) independently
performed the literature search, study selection, data
extraction, and quality assessment. Any disagreements
were resolved by consulting a senior investigator
(Zhijun Dai). Ethical approval was not required for this
meta-analysis.

Literature search

We searched PubMed, the Web of Science, and
Embase databases for relevant studies on nut
consumption and cancer published up to August 2019.
The terms “cancer(s)” [Title/Abstract], “tumor(s)”
[Title/Abstract], and “neoplasm(s)” [Title/Abstract]
in combination with “Nuts” [Mesh], “nut(s)” [Title/
Abstract], “peanut(s)” [Title/Abstract], “tree nut(s)”
[Title/Abstract], “Walnut(s)” [Title/Abstract], “pecan(s)”
[Title/Abstract],  “almond(s)”  [Title/Abstract],
“pistachio(s)” [Title/Abstract], “coconut(s)” [Title/
Abstract], “macadamia nuts” [Title/Abstract], and
“cashew(s)” [Title/Abstract] were used in the search.
No restrictions were imposed except English language
publication and inclusion of human subjects. We
manually reviewed the reference lists of all relevant
articles to ensure that no relevant studies were missed.

Eligibility criteria

Studies that met the following criteria were included in
the meta-analysis: (1) observational or clinical design;
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(2) nut intake as the exposure factor and cancer
(pathological diagnosis) as the outcome; and (3)
availability of relevant risk estimates (relative risks
[RRs]/odds ratio [ORs]/hazard ratios [HRs] and 95%
confidence intervals [CIs]) of cancer incidence or
mortality in relation to nut consumption. The exclusion
criteria were as follows: (1) incomplete or unclear RR
estimates with insufficient information to calculate
them; (2) nut consumption assessment performed in
combination with that for other food groups; and (3)
cross-sectional studies, animal studies, systematic
reviews, meta-analyses, letters, and commentaries.
When more than one study was conducted on the same
cohort, we included the study with the most complete
data or the longest follow-up duration.

Data extraction

Relevant information including author names, year of
publication, study country, study design, adjusted
ORs/RRs/HRs, and 95% Cls were extracted
independently by two investigators (Dai Zhang and
Cong Dai). Data on characteristics of the study
population including sample size, age, duration of
follow-up, nut intake levels, nut types, specific cancer
types, and adjusted confounding factors were extracted.
If a study provided several risk estimates, we used the
estimate from the major multivariable model, which
included a greater number of adjusted confounders.
Disagreements were resolved by consulting a senior
researcher.

Quiality assessment

The qualities of the cohort and case-control studies
included in the meta-analysis were assessed by the
Newcastle-Ottawa Scale [47]. The scores ranged from 0
to 9 and included study population selection (4 points),
inter-group comparability (2 points), and outcome
measurements (3 points). Scores of 0-3, 4-6, and 7-9
points indicated low-, medium-, and high-quality
studies, respectively.

Statistical analyses

RRs and ORs with 95% Cls for all nut intake categories
were calculated. The average of the natural logarithm of
the RRs was estimated, and the RR from each study was
weighted by the inverse of its variance. The pooled
estimates with 95% Cls for nut intake versus no intake
were calculated using fixed-effects and random-effects
models [48]. Consumers were defined as those who
reported a mean intake > 0 g/day. Total nut intake was
analyzed as a continuous variable (15 g/day; 15-g
increments correspond to half a standard serving) [49]
and as a categorical variable with all non-consumers as

the reference category, according to the distribution of
total nut intake in most studies. Furthermore, the risk
estimates of different nut intakes in each study were
pooled and subjected to the final analysis.
Heterogeneity across the included studies was assessed
using the Q and 12 statistics [50]. Heterogeneity was
considered significant at P values < 0.05 in the Q
statistic or 12 values > 50%. Subsequently, the random-
effects model was selected to calculate the pooled
estimates and 95% Cls. A fixed-effects model was
selected when no significant heterogeneity was
observed and/or the question when it was justified by
the clinical questions [51, 52]. To explore the potential
origins of heterogeneity, subgroup analyses were
conducted with classifications based on study design,
cancer type, nut type, sex, and socioeconomic status of
the study location; the meta-regression analyses were
performed according to some study characteristics
including study quality scores and adjustment for age.

For the linear dose-response meta-analysis, we used the
generalized least squares for trend method [53]. The
original studies were required to have at least three
intake groups with the scope for extracting five types of
variable data, including the dose group of nut intake,
number of cases in each group, corresponding person-
years, RRs, and 95% Cls. To unify the unit (g/d), we
converted the dosage unit by the standard 28 g/serving
according to 4 included studies [10-56], the units in
which were not g/d. A dose value for nut consumption
in each category was assigned as suggested by Cao et
al. [57]. When nut consumption was reported in closed
intervals, the midpoint between the upper and lower
lines of the interval is considered the average exposure
level. For the upper open interval, the midpoint of the
category was set at 1.5-times the lower bound value.
For the lower open interval, the midpoint of the
category was set at 1.5-times the upper bound value
[58]. A nonlinear dose-response meta-analysis was
performed using a restricted cubic spline regression
model. With the consideration of different segmentation
points for independent variables, these variables were
divided into different small segments and fitted to
regression models [59]. Multivariate dose-response
meta-analyses were performed using linear regression
and nonlinear regression models to match the data.

A sensitivity analysis was performed to assess the
stability of the results and identify the latent sources of
heterogeneity by excluding the included individual
studies one by one. Publication bias was detected using
Egger’s linear regression test or Begg’s test [60] and
funnel plots. A two-sided significance level of <0.05
was used for all tests. AIll meta-analyses were
performed using STATA statistical software (version
14.0; StataCorp, College Station, TX, USA). The
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original data for this meta-analysis are shown in
Supplementary Tables 1, 2.
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SUPPLEMENTARY MATERIALS
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Supplementary Figure 4. Funnel plots with 95% confidence interval of the total studies on cancer risk.
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Supplementary Figure 5. Subgroup analyses of the associations between nut intake and cancer risk stratified by study types.
Abbreviations: RR, relative risk; Cl, confidence interval, CH, cohort study; CC, case-control study.
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Supplementary Figure 6. Subgroup analyses of the associations between nut intake and cancer risk stratified by gender.
Abbreviations: RR, relative risk; Cl, confidence interval.
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Begg's funnel plot with pseudo 95% confidence limits
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Supplementary Figure 7. Funnel plots with 95% confidence interval of the cancer type subgroup analysis.
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Supplementary Figure 8. Meta-analysis of the studies conducted to assess the dose-response relationship between nut
intake and cancer risk. Abbreviations: RR, relative risk; Cl, confidence interval.
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Supplementary Figure 9. Dose-response meta-analysis of nut intake and cancer risk (nonlinear models). Abbreviations: RR,
relative risk; Cl, confidence interval.
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Supplementary Figure 10. Dose—response meta-analysis of nut intake and cancer risk (linear models). Abbreviations: RR,
relative risk; Cl, confidence interval.
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Supplementary Tables

Please browse Full Text version to see the data of Supplementary Tables 1, 2.

Supplementary Table 1. Characteristics of included studies on nut intake and cancer risk in this meta-analysis.

Supplementary Table 2. Characteristics of included studies on nut intake and cancer-specific mortality in the
meta-analysis.
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