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Abstract
Background Nut consumption has been associated with reduced cancer-related mortality. However, it is unclear whether 
nut consumption also reduces the risk of esophageal and gastric cancer subtypes. We prospectively investigated the rela-
tionship of tree nut, peanut, and peanut butter intake with risk of esophageal squamous cell carcinoma (ESCC), esophageal 
adenocarcinoma (EAC), gastric cardia adenocarcinoma (GCA), and gastric non-cardia adenocarcinoma (GNCA) in the 
Netherlands Cohort Study.
Methods In 1986, 120,852 males and females, aged 55–69 years, completed a baseline questionnaire on diet and cancer risk 
factors. After 20.3 years of follow-up, 133 ESCC, 200 EAC, 191 GCA, and 586 GNCA cases, and 3,720 subcohort members 
were available for multivariable Cox regression analyses, using a case–cohort approach.
Results Increased total nut consumption was significantly associated with a decreased risk of ESCC and GNCA [HRs (95% 
CIs) for 10 + g/day vs. nonconsumers = 0.54 (0.30–0.96) and 0.73 (0.55–0.97), respectively], but not with EAC and GCA 
risk. Similar trends were observed for tree nut and peanut intake, which were mostly nonsignificant. For peanut butter intake, 
no significant associations were found. When excluding the first four years of follow-up to reduce the possible influence of 
reversed causation, the relation between nut consumption and ESCC risk attenuated, but remained inverse.
Conclusions Our findings suggest that increased tree nut and peanut consumption is inversely associated with GNCA risk 
and possibly with ESCC risk, but not with the risk of the other esophageal and gastric cancer subtypes.

Keywords Chemoprevention · Cohort studies · Esophageal neoplasms · Nuts · Stomach neoplasms

Introduction

In the past few years, the interest in nuts has been increas-
ing because of their perceived health benefits. Besides other 
health advantages, recent meta-analyses have demonstrated 

that increased nut consumption may lower the risk of cancer 
and cancer-related mortality [1–4]. Nuts are nutrient-dense 
foods and contain vitamins, minerals, mono- and polyunsat-
urated fatty acids, polyphenols, and several other compounds 
that might act as cancer-chemopreventive agents [5, 6].

Currently, little evidence is available on the relation 
between nut consumption and the risk of esophageal and 
gastric cancer, while these two cancers were the sixth 
(esophageal) and third (gastric) most common causes of 
death from cancer globally in 2012 [7]. Based on histologic 
and topographic subtyping, esophageal and gastric cancer 
can be subdivided into esophageal squamous cell carcinoma 
(ESCC), esophageal adenocarcinoma (EAC), gastric cardia 
adenocarcinoma (GCA), and gastric non-cardia adenocar-
cinoma (GNCA). A growing number of studies indicates 
that these subtypes differ regarding their etiologies and 
risk factors [8, 9]. Special interest is in EAC and GCA, 
because the incidence rates of these subtypes have increased 
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considerably in the US and in many European countries in 
the past decades [10, 11].

In a recently published prospective cohort study, nut 
and peanut butter consumption was significantly inversely 
associated with GNCA risk, but not with risk of the other 
esophageal and gastric cancer subtypes [12]. Unfortunately, 
the authors could not analyze types of nuts separately. More-
over, results from four case–control studies investigating the 
association between nut consumption and gastric cancer are 
inconclusive [13–16], and one case–control study found an 
inverse association between peanut consumption and ESCC 
risk [17]. Another case–control study observed no associa-
tion between fruit and nut consumption combined and upper 
aerodigestive tract cancer risk [18].

In this study, we prospectively investigated the associa-
tions of tree nut, peanut, and peanut butter consumption with 
the risk of esophageal and gastric cancer subtypes in the 
Netherlands Cohort Study (NLCS). Moreover, we investi-
gated the exposure–response curves and whether the associ-
ations were modified by sex, alcohol consumption, cigarette 
smoking, educational level, and body mass index (BMI).

Methods

Study design and cancer follow‑up

In this analysis, data from the NLCS were used. In Sep-
tember 1986, 62,573 females and 58,279 males, aged 
55–69 years, completed a mailed, self-administered base-
line questionnaire on cancer risk factors [19]. The institu-
tional review boards from the Maastricht University and the 
Netherlands Organization for Applied Scientific Research 

approved the NLCS. By filling in and returning the baseline 
questionnaire, participants agreed to participate in the study.

For data processing and analysis, a case–cohort approach 
was used for efficiency reasons. A subcohort (n = 5,000) was 
randomly sampled from the total cohort immediately after 
baseline, and accumulated person-years were estimated 
from this subcohort. Vital status information of subco-
hort members was obtained biannually from 17 September 
1986 until 1 January 2007, and was 100% complete after 
20.3 years. Incident cancer cases in the total cohort were 
detected through annual record linkage with the Netherlands 
Cancer Registry and the nationwide Dutch Pathology Reg-
istry (PALGA) [20]. The completeness of cancer incidence 
follow-up is estimated to be more than 95% [21].

During the 20.3 years of follow-up, 164 ESCC, 259 
EAC, 254 GCA, and 741 GNCA cases without prevalent 
cancer (except skin cancer) at baseline were detected. His-
tology codes for esophageal cancer (ICD-O-3 code C15) 
included 8050–8076 for ESCC, and 8140–8141, 8190–8231, 
8260–8263, 8310, 8430, 8480–8481, 8490, 8560, and 
8570–8572 for EAC. For gastric cancer (ICD-O-3 code 
C16), histology codes were C16.0 for GCA and C16.1–16.9 
for GNCA. Participants with incomplete or inconsistent 
dietary data were excluded from the analysis, as were par-
ticipants with missing values on predefined confounders. 
In the current analysis, 133 ESCC, 200 EAC, 191 GCA, 
and 586 GNCA cases, and 3,720 subcohort members were 
included (Fig. 1).

Exposure assessment

The 11-page mailed, self-administered baseline question-
naire consisted of questions regarding diet, smoking habits, 

Fig. 1  Flow diagram of the 
number of subcohort members 
and gastric and esophageal can-
cer cases on whom the analyses 
were based

Esophageal squamous 
cell carcinoma

Esophageal 
adenocarcinoma

Gastric cardia 
adenocarcinoma

Gastric non-cardia 
adenocarcinoma

Subcohort Record linkage with Netherlands Cancer Registry and PALGA

Netherlands Cohort Study on diet and cancer (n = 120,852)

5,000

Exclusion of participants with prevalent cancer at baseline

741164 259 2544,774

Exclusion of participants with incomplete or inconsistent dietary data (incl. alcohol)

642143 224 2184,084

Exclusion of participants with missing data missing values on confounders

586133 200 1913,720
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anthropometry, disease history, physical activity, and other 
cancer risk factors [19]. Information on diet was obtained 
from a validated 150-item semi-quantitative food-frequency 
questionnaire (FFQ) that asked about habitual diet in the 
year before baseline [22]. Intake of tree nuts, peanuts, and 
peanut butter was assessed by measuring the number of 
standard portion sizes consumed per intake and the intake 
frequencies of ‘peanuts’, ‘other, mixed nuts’ (tree nuts), 
and ‘peanut butter’. Frequency categories could range from 
‘never or less than 1×/month’ to ‘6–7×/week’. A standard 
portion size of peanuts or tree nuts was assumed to be 28 g, 
and one portion of peanut butter 15 g per slice of bread. 
Mean daily intake was calculated in grams, by multiplying 
intake frequencies and portion sizes. Total nut consumption 
was calculated as the sum of tree nut and peanut intake.

Statistical analysis

The associations between nut intake and risk of esophageal 
and gastric cancer subtypes were analyzed with age- and 
sex-adjusted and multivariable-adjusted Cox proportional 
hazards models. The robust Huber–White sandwich esti-
mator was used to estimate standard errors that take into 
account the additional variance introduced by sampling from 
the total cohort [23]. The proportional hazards assumption 
was checked with Schoenfeld residuals and − ln(− ln) sur-
vival plots [24]. If the assumption was violated for a vari-
able, the interaction between that variable and time was 
tested by including a time-varying covariate in the model.

The associations between nut and peanut butter intake 
and risk of esophageal and gastric cancer subtypes were 
investigated on a categorical and continuous scale in sur-
vival analyses. We combined both sexes in the categori-
cal analyses, because of the limited number of cases and 
because no statistically significant interaction by sex was 
found (Online Resource 2). In the continuous analyses, we 
additionally estimated hazard rations (HR) for males and 
females separately. For the categorical analyses, total nut 
and peanut consumption was divided into four categories 
of 0, 0.1–< 5, 5–< 10, and 10 + g/day. Due to the smaller 
number of cases in the higher intake categories, tree nut 
consumption was categorized into 0 and 0.1 + g/day, and 
peanut butter into 0, 0.1–< 5, and 5 + g/day. The category of 
nonconsumers formed the reference group. Tests for trends 
were performed by assigning sex-specific median values of 
nut intake in the subcohort to the intake categories and fit-
ting these as continuous terms in the regression models. In 
the continuous analyses, HRs were estimated per increment 
of 5 g/day.

In multivariable-adjusted survival analyses, the associa-
tions were corrected for the following predefined confound-
ers, which were included in the final multivariable-adjusted 
model independent of their effect on the estimated HRs: age 

at baseline (years; continuous), sex (male/female), cigarette 
smoking [status (never, former, current), frequency (number 
of cigarettes per day; continuous, centered), and duration 
(years; continuous, centered)], BMI (< 18.5, 18.5–< 25, 
25–< 30, and 30 + kg/m2), nonoccupational physical activ-
ity (≤ 30, > 30–≤ 60, > 60–≤ 90, > 90 min/day), highest level 
of education [primary school or lower vocational (low), sec-
ondary school or medium vocational (medium), and higher 
vocational or university (high)], total energy intake (kcal/
day; continuous), alcohol consumption (0, 0.1–< 5, 5–< 15, 
15–< 30, and 30 + g/day), and family history of esopha-
geal (for esophageal cancer subtypes) or gastric cancer (for 
gastric cancer subtypes). Other potential confounders con-
sidered were: intake of fruits, vegetables, tea, coffee, red 
meat, processed meat, fish, and total salt, history of gastric 
ulcers, and long-term use (> 6 months) of nonsteroidal anti-
inflammatory drugs (including aspirin) and lower esopha-
geal sphincter-relaxing medications. However, because 
these potential confounders did not change the HRs with 
10% when using a backward stepwise selection procedure, 
only the predefined confounders were included in the final 
multivariable-adjusted model.

Tests for heterogeneity were performed to investigate 
etiologic differences between the four major subtypes of 
esophageal and gastric cancer using a competing risk proce-
dure. In this analysis, a bootstrapping method developed for 
the case–cohort approach was used to estimate the standard 
errors for the observed differences in associations [25, 26].

The linearity of the exposure–response relation between 
nut intake and risk of esophageal and gastric cancer sub-
types was assessed in restricted cubic spline analysis, in 
models with three fixed knots at 0, 5, and 10 g nut intake/
day. Because no assumptions are made about the shape of 
the relation between the exposure and outcome variables 
in restricted cubic spline analysis, it is a useful method to 
test for nonlinearity and to present nonlinear relationships. 
Detailed sensitivity analyses were performed to investigate 
whether choosing additional knots or other knot positions 
would improve the model fit, as measured with the Akaike 
Information Criterion (AIC) score [27].

To investigate possible interactions by esophageal and 
gastric cancer risk factors, categorical analyses of nut con-
sumption were performed stratified by sex, baseline BMI, 
smoking status, alcohol consumption, and educational level. 
To increase statistical power, the two highest nut intake cat-
egories were merged. Interactions were tested by including 
cross-product terms in the models and performing Wald 
tests.

To check for potential reversed causation due to pre-
clinical cancer at baseline, we divided the total follow-up 
time into 4-year periods and compared the median nut 
intake at baseline of cases diagnosed during these periods. 
A Kruskal–Wallis test was performed to test the statistical 
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significance of a possible difference in median nut intake. 
Moreover, we repeated the Cox regression analyses after 
excluding the first 4 years of follow-up. Additionally, we 
restricted the analyses to cases who had stated having had 
a constant peanut butter intake during the 5 years before 
baseline. We do not have these data for tree nut or peanut 
consumption.

In sensitivity analyses, we additionally adjusted for adher-
ence to the Mediterranean diet, by including the alternate 
Mediterranean diet score (aMed) into the regression mod-
els [28]. Since nuts comprise one of the components of the 
aMed score, and because alcohol consumption is positively 
associated with esophageal and gastric cancer, an adapted 
version was used (excluding nuts and alcohol), which ranged 
from 0 (no adherence) to 7 (maximal adherence).

All analyses were performed in Stata 14 software (Stata-
Corp. 2015. College Station, TX). P values were tested 
two sided, and were considered statistically significant if 
p < 0.05.

Results

Table 1 shows the baseline characteristics of subcohort 
members and cases for males and females separately. All 
cases, except EAC cases, consumed on average less total nuts 
and tree nuts than subcohort members in both sexes. Male 
subcohort members consumed less peanuts than esophageal 
cancer cases, but more than GNCA cases. Female subcohort 
members consumed more peanuts than all cases, except EAC 
cases. Moreover, in males, subcohort members consumed 
more peanut butter than gastric cancer cases, but less than 
esophageal cancer cases. In females, subcohort members 
consumed more peanut butter than cases. 

Cases and subcohort members also differed with respect 
to other, potentially confounding factors: compared to sub-
cohort members, cases of both sexes were older (except for 
male EAC and GCA cases), more often ever smokers (except 
for female EAC cases), and less educated (except for GCA 
cases). EAC and GCA cases of both sexes and female GNCA 
cases were heavier than subcohort members. Moreover, male 
cases more often reported a positive family history of gas-
tric cancer than subcohort members, and female cases more 
often reported gastric ulcers. Furthermore, male cases con-
sumed more alcohol, red and processed meat, and coffee 
than subcohort members. Female cases also consumed more 
red meat and coffee than subcohort members.

In Table 2, multivariable-adjusted associations between 
nut and peanut butter consumption and risk of esophageal 
and gastric cancer subtypes are presented. The propor-
tional hazards assumption was potentially violated for 
some categories of total nut and peanut consumption in the 
analyses of ESCC and GNCA risk, and for peanut butter 

consumption in the analyses of ESCC and EAC risk. Age- 
and sex-adjusted results are presented in Online Resource 
1, which were not importantly different from the multivari-
able-adjusted results; positive associations became slightly 
stronger, whereas inverse associations became somewhat 
weaker after multivariable adjustment.

For total nut consumption, a statistically significant 
inverse relation was found with ESCC risk: the HR (95% 
CI) for those consuming 10 + g/day versus nonconsum-
ers was 0.54 (0.30–0.96) (Ptrend = 0.050). Increased total 
nut intake was non-significantly positively related to EAC 
risk (Ptrend = 0.578), and, in continuous analyses, a sig-
nificant positive association with EAC risk was found in 
women only [HR (95% CI) per 5 g/day increment = 1.19 
(1.07–1.32)]. No clear relation with total nut intake was 
seen for GCA risk. For GNCA risk, a nonsignificant 
inverse trend was found (Ptrend = 0.088), with significant 
inverse associations in all total nut consumption catego-
ries: the HRs (95% CI) for those consuming 0.1–< 5, 
5–< 10, and 10 + g total nuts/day vs. nonconsumers were 
0.79 (0.63–0.98), 0.62 (0.44–0.87), and 0.73 (0.55–0.97), 
respectively. No significant interaction between total nut 
consumption categories and sex was observed for the 
esophageal and gastric cancer subtypes (Pinteraction ≥ 0.206) 
(Online Resource 2). In sensitivity analyses, additional 
adjustment for the aMed score did not importantly alter 
the results (data not shown).

The heterogeneity test for the relation of categorical 
total nut intake with risk of esophageal and gastric cancer 
subtypes was significant (Pheterogeneity = 0.008). To further 
investigate this finding, we compared the subtypes pair-
wise. Significant differences in associations were only found 
between EAC and GNCA (Pheterogeneity = 0.004) and between 
GCA and GNCA (Pheterogeneity = 0.049). A borderline sig-
nificant difference was observed between ESCC and EAC 
(Pheterogeneity = 0.050).

Tree nut intake was significantly associated with a lower 
risk of ESCC (HR (95% CI) for consumers vs. nonconsum-
ers = 0.56 (0.35–0.90). For EAC risk, a nonsignificant posi-
tive association was found. Tree nut consumption was non-
significantly inversely related to GCA risk, and the HR (95% 
CI) per 5 g/day increment was 0.23 (0.06–0.90) in women in 
continuous analyses. For GNCA risk, also a nonsignificant 
inverse association was observed, and, in continuous analy-
ses, significant inverse associations in the overall population 
and in women: the HRs (95% CI) per 5 g/day increment were 
0.81 (0.66–0.99) and 0.52 (0.33–0.81), respectively.

For peanut intake, nonsignificant inverse associations 
with risk of ESCC and GNCA were found, and a HR (95% 
CI) for GNCA for those consuming 5–< 10 g peanuts/day 
compared to nonconsumers of 0.69 (0.48–0.99).The risk of 
EAC was non-significantly increased in participants with a 
higher peanut intake, and this association was significant in 
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women in continuous analyses [HR (95% CI) per 5 g/day 
increment = 1.20 (1.07–1.35)]. For GCA risk, no association 
with peanut intake was found.

Increasing peanut butter intake was associated with a non-
significantly increased risk of ESCC and EAC. In continu-
ous analyses, the association with ESCC risk was significant 
in the overall population and in men [HR (95% CI) = 1.25 
(1.03–1.25) and 1.33 (1.06–1.67), respectively], as was the 
association with EAC risk in men [HR (95% CI) per 5 g/day 
increment = 1.19 (1.03–1.37)]. Unclear associations were 
found between peanut butter consumption and GCA and 
GNCA risk, although a significant inverse association with 
GCA risk was observed in women in continuous analyses 
[HR (95% CI) per 5 g/day increment = 0.08 (0.01–0.77)].

Figure 2 presents the restricted cubic spline curves with 
three fixed knots at 0, 5, and 10 g nut intake/day for the risk 
of (a) ESCC, (b) EAC, (c) GCA, and (d) GNCA according to 
total nut consumption. A clear leveling-off of ESCC, GCA, 
and GNCA risk can be seen for total nut intake of more 
than 5 g/day. Statistical evidence for nonlinearity was only 
found for GNCA (Pnonlinearity = 0.001). For tree nut, peanut, 
and peanut butter intake, the test for nonlinearity was solely 
significant for the relation between peanut consumption and 
GNCA risk (Pnonlinearity = 0.013). Choosing additional knots 
or other knot positions did not improve the fit of the model, 
as measured with the AIC score (data not shown).

In the stratified analyses, we observed no significant 
interactions between total nut consumption categories 
and potential risk factors for ESCC, GCA, and GNCA 
(Online Resource 2). For EAC, we found a significant 
interaction between total nut intake and educational level 
(Pinteraction = 0.043), with positive associations in the sub-
groups with a low or medium educational level, and an 
unclear trend in the subgroup with a high educational level 
(Online Resource 3). However, because of the low case num-
bers and the large number of Wald tests performed, this find-
ing may be due to chance.

The median total nut intake at baseline of ESCC cases 
diagnosed earlier in the follow-up was lower than that of 
cases diagnosed later in time (Online Resource 4), and the 
Kruskal–Wallis test showed that there was a significant dif-
ference between the 4-year periods (P = 0.019). For GNCA, 
the median intake was higher in earlier versus later cases, 
although not significantly (P = 0.077). For EAC and GCA 
cases, no significant differences were observed.

Table 3 presents the multivariable-adjusted HRs for risk 
of esophageal or gastric cancer subtypes according to nut 
intake after excluding the first 4 years of follow-up. When 
excluding the first 4 years of follow-up, most inverse asso-
ciations of categorical nut and peanut butter intake with 
ESCC risk attenuated, e.g., the HR (95% CI) for ESCC for 
0.1–< 5 g total nut intake/day vs. nonconsumers changed 
from 0.81 (0.52–1.24) to 1.05 (0.66–1.66), and that for Ta

bl
e 

1 
 (c

on
tin

ue
d)

M
en

W
om

en

Su
bc

oh
or

ta
C

as
es

a
Su

bc
oh

or
ta

C
as

es
a

(N
 =

 1,
83

4)
ES

C
C

 (N
 =

 76
)

EA
C

 (N
 =

 15
7)

G
CA

 (N
 =

 15
8)

G
N

CA
 (N

 =
 39

0)
(N

 =
 1,

88
6)

ES
C

C
 (N

 =
 57

)
EA

C
 (N

 =
 43

)
G

CA
 (N

 =
 33

)
G

N
CA

 (N
 =

 19
6)

 F
is

h 
(g

/d
ay

)
13

.8
 (1

6.
1)

12
.9

 (1
4.

0)
14

.1
 (1

7.
4)

15
.8

 (2
0.

0)
13

.7
 (1

7.
6)

11
.3

 (1
3.

2)
14

.0
 (1

3.
9)

12
.0

 (1
6.

0)
8.

6 
(1

1.
1)

11
.5

 (1
6.

3)
 C

off
ee

 (c
up

s/
da

y)
4.

5 
(2

.3
)

4.
7 

(2
.1

)
5.

0 
(2

.5
)

5.
0 

(2
.1

)
5.

0 
(2

.3
)

4.
0 

(2
.0

)
4.

3 
(2

.3
)

4.
2 

(1
.7

)
4.

3 
(2

.2
)

4.
0 

(1
.9

)

 T
ea

 (c
up

s/
da

y)
2.

5 
(2

.0
)

2.
1 

(1
.8

)
2.

6 
(2

.2
)

2.
2 

(1
.9

)
2.

6 
(1

.9
)

3.
0 

(2
.1

)
3.

3 
(2

.7
)

2.
8 

(2
.5

)
2.

9 
(2

.3
)

3.
0 

(2
.1

)
 T

ot
al

 sa
lt 

(g
/d

ay
)

8.
8 

(3
.1

)
9.

4 
(3

.7
)

8.
6 

(3
.2

)
8.

7 
(3

.4
)

9.
0 

(3
.6

)
8.

6 
(2

.9
)

8.
9 

(3
.0

)
7.

8 
(2

.1
)

8.
4 

(3
.2

)
8.

5 
(2

.5
)

ES
C

C
 e

so
ph

ag
ea

l s
qu

am
ou

s c
el

l c
ar

ci
no

m
a,

 E
AC

 e
so

ph
ag

ea
l a

de
no

ca
rc

in
om

a,
 G

CA
  g

as
tri

c 
ca

rd
ia

 a
de

no
ca

rc
in

om
a,

 G
N

CA
 g

as
tri

c 
no

n-
ca

rd
ia

 a
de

no
ca

rc
in

om
a

a  N
um

be
r o

f c
as

es
 a

nd
 su

bc
oh

or
t m

em
be

rs
 e

xc
lu

di
ng

 p
ar

tic
ip

an
ts

 w
ith

 in
co

m
pl

et
e 

or
 in

co
ns

ist
en

t d
ie

ta
ry

 d
at

a 
(in

cl
ud

in
g 

al
co

ho
l c

on
su

m
pt

io
n)

 o
r m

is
si

ng
 v

al
ue

s o
n 

pr
ed

efi
ne

d 
co

nf
ou

nd
er

 v
ar

i-
ab

le
s



906 L. Nieuwenhuis, P. A. van den Brandt 

1 3

Ta
bl

e 
2 

 M
ul

tiv
ar

ia
bl

e-
ad

ju
ste

d 
H

R
s (

95
%

 C
Is

) f
or

 ri
sk

 o
f e

so
ph

ag
ea

l a
nd

 g
as

tri
c 

ca
nc

er
 su

bt
yp

es
 a

cc
or

di
ng

 to
 n

ut
 in

ta
ke

; N
et

he
rla

nd
s C

oh
or

t S
tu

dy
 o

n 
di

et
 a

nd
 c

an
ce

r, 
19

86
–2

00
6

Su
bc

oh
or

t
Es

op
ha

ge
al

 sq
ua

m
ou

s c
el

l c
ar

ci
-

no
m

a
Es

op
ha

ge
al

 a
de

no
ca

rc
in

om
a

G
as

tri
c 

ca
rd

ia
 a

de
no

ca
rc

in
om

a
G

as
tri

c 
no

n-
ca

rd
ia

 a
de

no
ca

rc
i-

no
m

a

M
ed

ia
na

Pe
rs

on
 ti

m
e 

at
 

ris
k 

(y
ea

rs
)

N
o.

 o
f c

as
es

H
R

b  (9
5%

 C
I)

N
o.

 o
f c

as
es

H
R

b  (9
5%

 C
I)

N
o.

 o
f c

as
es

H
R

b  (9
5%

 C
I)

N
o.

 o
f c

as
es

H
R

b  (9
5%

 C
I)

To
ta

l n
ut

 c
on

su
m

pt
io

n 
(g

/d
ay

)
 0

.0
0.

0
22

,0
62

59
1 

(r
ef

)
60

1 
(r

ef
)

61
1 

(r
ef

)
25

2
1 

(r
ef

)
 0

.1
–<

 5
2.

5
21

,8
21

42
0.

81
 (0

.5
2–

1.
24

)c
68

1.
23

 (0
.8

5–
1.

78
)

72
1.

18
 (0

.8
1–

1.
71

)
18

4
0.

79
 (0

.6
3–

0.
98

)d

 5
–<

 10
8.

2
7,

75
3

15
0.

78
 (0

.4
2–

1.
46

)c
29

1.
39

 (0
.8

5–
2.

26
)

22
0.

91
 (0

.5
3–

1.
57

)
51

0.
62

 (0
.4

4–
0.

87
)

 1
0+

19
.9

11
,2

69
17

0.
54

 (0
.3

0–
0.

96
)

43
1.

23
 (0

.7
8–

1.
93

)
36

0.
89

 (0
.5

6–
1.

42
)

99
0.

73
 (0

.5
5–

0.
97

)c

 P
tre

nd
0.

05
0

0.
57

8
0.

36
9

0.
08

8
C

on
tin

uo
us

, p
er

 5
 g

/d
ay

 in
cr

em
en

t
 O

ve
ra

ll
62

,9
05

13
3

0.
97

 (0
.8

8–
1.

07
)

20
0

1.
05

 (1
.0

0–
1.

10
)

19
1

0.
98

 (0
.9

2–
1.

05
)

58
6

0.
96

 (0
.9

1–
1.

00
)c

 M
en

29
,2

50
76

1.
01

 (0
.9

2–
1.

11
)

15
7

1.
03

 (0
.9

8–
1.

09
)

15
8

0.
99

 (0
.9

3–
1.

05
)

39
0

0.
97

 (0
.9

2–
1.

02
)

 W
om

en
33

,6
55

57
0.

82
 (0

.6
6–

1.
03

)
43

1.
19

 (1
.0

7–
1.

32
)

33
0.

84
 (0

.6
3–

1.
12

)
19

6
0.

88
 (0

.7
6–

1.
02

)
Tr

ee
 n

ut
 c

on
su

m
pt

io
n 

(g
/d

ay
)

 0
.0

0.
0

44
,5

47
11

0
1 

(r
ef

)
14

5
1 

(r
ef

)
14

2
1 

(r
ef

)
45

5
1 

(r
ef

)
 0

.1
+

2.
1

18
,3

58
23

0.
56

 (0
.3

5–
0.

90
)

55
1.

07
 (0

.7
7–

1.
49

)
49

0.
94

 (0
.6

6–
1.

35
)

13
1

0.
82

 (0
.6

6–
1.

02
)

C
on

tin
uo

us
, p

er
 5

 g
/d

ay
 in

cr
em

en
t

 O
ve

ra
ll

62
,9

05
13

3
0.

62
 (0

.3
7–

1.
04

)
20

0
1.

09
 (0

.9
5–

1.
24

)
19

1
0.

72
 (0

.4
6–

1.
14

)
58

6
0.

81
 (0

.6
6–

0.
99

)
 M

en
29

,2
50

76
0.

46
 (0

.2
0–

1.
07

)
15

7
1.

08
 (0

.9
3–

1.
25

)
15

8
0.

79
 (0

.5
0–

1.
23

)
39

0
0.

89
 (0

.7
3–

1.
09

)d

 W
om

en
33

,6
55

57
0.

71
 (0

.3
8–

1.
33

)d
43

1.
15

 (0
.8

7–
1.

52
)c

33
0.

23
 (0

.0
6–

0.
90

)
19

6
0.

52
 (0

.3
3–

0.
81

)
Pe

an
ut

 c
on

su
m

pt
io

n 
(g

/d
ay

)
 0

.0
0.

0
25

,5
52

63
1 

(r
ef

)
71

1 
(r

ef
)

70
1 

(r
ef

)
26

9
1 

(r
ef

)
 0

.1
–<

 5
2.

5
22

,9
60

43
0.

83
 (0

.5
4–

1.
26

)c
70

1.
11

 (0
.7

7–
1.

60
)

71
1.

05
 (0

.7
4–

1.
51

)
19

2
0.

84
 (0

.6
8–

1.
05

)d

 5
–<

 10
8.

5
5,

76
2

13
0.

90
 (0

.4
7–

1.
75

)d
23

1.
30

 (0
.7

6–
2.

22
)

17
0.

85
 (0

.4
7–

1.
52

)
43

0.
69

 (0
.4

8–
0.

99
)

 1
0+

21
.4

8,
63

0
14

0.
62

 (0
.3

3–
1.

15
)

36
1.

21
 (0

.7
5–

1.
94

)
33

1.
00

 (0
.6

2–
1.

61
)

82
0.

84
 (0

.6
3–

1.
13

)c

 P
tre

nd
0.

18
5

0.
50

8
0.

86
9

0.
35

1
C

on
tin

uo
us

, p
er

 5
 g

/d
ay

 in
cr

em
en

t
 O

ve
ra

ll
62

,9
05

13
3

0.
99

 (0
.9

0–
1.

08
)

20
0

1.
04

 (0
.9

9–
1.

10
)

19
1

0.
99

 (0
.9

4–
1.

06
)

58
6

0.
97

 (0
.9

2–
1.

02
)c

 M
en

29
,2

50
76

1.
03

 (0
.9

4–
1.

12
)

15
7

1.
03

 (0
.9

7–
1.

09
)

15
8

1.
00

 (0
.9

4–
1.

06
)

39
0

0.
97

 (0
.9

2–
1.

02
)c

 W
om

en
33

,6
55

57
0.

83
 (0

.6
6–

1.
05

)
43

1.
20

 (1
.0

7–
1.

35
)

33
0.

88
 (0

.6
4–

1.
21

)
19

6
0.

93
 (0

.7
9–

1.
08

)
Pe

an
ut

 b
ut

te
r c

on
su

m
pt

io
n 

(g
/d

ay
)

 0
.0

0.
0

45
,4

89
98

1 
(r

ef
)

14
0

1 
(r

ef
)

13
9

1 
(r

ef
)

43
3

1 
(r

ef
)

 0
.1

–<
 5

1.
2

10
,9

70
20

1.
06

 (0
.6

4–
1.

75
)d

37
1.

21
 (0

.8
2–

1.
78

)c
37

1.
17

 (0
.7

9–
1.

72
)

10
1

1.
09

 (0
.8

5–
1.

39
)

 5
+

9.
6

6,
44

6
15

1.
47

 (0
.8

1–
2.

67
)

23
1.

26
 (0

.7
8–

2.
04

)d
15

0.
78

 (0
.4

4–
1.

37
)

52
0.

88
 (0

.6
3–

1.
21

)
 P

tre
nd

0.
19

0
0.

24
8

0.
49

1
0.

47
4



907Tree nut, peanut, and peanut butter consumption and the risk of gastric and esophageal cancer…

1 3

5–< 10 g total nut consumption/day vs. nonconsumers from 
0.78 (0.42–1.46) to 0.95 (0.49–1.84). For EAC, GCA, and 
GNCA risk, the associations were essentially the same as 
when the total follow-up period was included. Restricting 
the analysis of peanut butter to only those participants with a 
constant peanut butter intake during the 5 years before base-
line did not importantly change the results (data not shown).

Discussion

In this prospective cohort study, increased total nut con-
sumption was significantly associated with a decreased risk 
of ESCC and GNCA. A nonsignificant positive associa-
tion was observed with EAC risk and no clear relation with 
GCA risk. Similar trends were found for tree nut and peanut 
intake, which were mostly nonsignificant. For peanut but-
ter intake, nonsignificant positive associations were found 
with the esophageal cancer subtypes and unclear associa-
tions with the gastric cancer subtypes. Statistical evidence 
for nonlinearity was only observed for the relation between 
total nut consumption and GNCA risk. Moreover, no sig-
nificant interactions between total nut consumption and 
risk factors for esophageal and gastric cancer subtypes were 
identified. When excluding the first 4 years of follow-up to 
reduce the influence of potential reversed causation, conclu-
sions remained the same for EAC, GCA, and GNCA risk. 
The associations between nut consumption and ESCC risk 
attenuated, but remained inverse.

Our results are partially in accordance with a recent pub-
lication from the prospective NIH-AARP Diet and Health 
Study in the US [12]. In this US cohort, nut consumption 
was also associated with a significantly reduced GNCA risk 
during a median follow-up period of 15.5 years, but no rela-
tion was found with ESCC risk. Unfortunately, they did not 
investigate different nut types separately. Moreover, they 
observed a significant inverse association between peanut 
butter consumption and GNCA risk, while we found no sig-
nificant relations with peanut butter. This difference may 
be due to the higher mean (SD) peanut butter intake in the 
US cohort [3.0 (7.4) g/day] than in our study [1.3 (3.9) g/
day]. Another possible explanation is the higher number of 
cases in the US cohort and thus the higher statistical power. 
In addition, we observed that higher consumption of nuts 
and peanut butter was non-significantly associated with an 
increased EAC risk. The positive relation for nut intake is an 
unexpected finding, for which we do not have a clear expla-
nation. This result is not consistent with the results from the 
NIH-AARP Diet and Health Study, because they found no 
association between nut intake and EAC risk [12]. No other 
studies investigated this association and, therefore, further 
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research regarding the relation between nut consumption and 
EAC risk is required.

Results from several case–control studies are inconclu-
sive: for gastric adenocarcinoma risk, one case–control 
study found a significant positive trend with frequency of 
nut consumption [13], two observed significant inverse 
associations when comparing cases to population controls 
[15, 16], and one found no association with total nut con-
sumption [14]. For ESCC, a significant inverse association 
was observed with peanut consumption frequency in one 
case–control study [17]. In another case–control study, no 
relation was seen between fruit and nut consumption com-
bined and risk of aerodigestive tract cancer [18]. These 

contradicting results may be caused by the small sample 
sizes of the studies, and due the fact that these studies were 
vulnerable to selection and information biases, a problem 
intrinsic to all case–control studies.

Reversed causation may be another explanation for the 
inconsistent findings in the above-described case–con-
trol studies. People with esophageal or gastric cancer may 
already suffer from symptoms related to their disease before 
diagnosis. These prediagnostic complaints may result in 
changes in diet and, consequently, in biased recall of pre-
vious normal dietary habits; this phenomenon has been 
described previously [29]. Asking participants about their 
diet long before the onset of symptoms would not solve this 

Fig. 2  Multivariable-adjusted restricted cubic spline curves for the 
association between total nut consumption (g/day) and risk of a 
esophageal squamous cell carcinoma (ESCC), b esophageal adeno-
carcinoma (EAC), c gastric cardia adenocarcinoma (GCA), and d 
gastric non-cardia adenocarcinoma (GNCA). Solid lines represent 
point estimates; dashed lines represent 95% CIs. P values for nonline-
arity were 0.193 for ESCC, 0.394 for EAC, 0.299 for GCA, and 0.001 
for GNCA. HRs were adjusted for age (years; continuous), sex, ciga-

rette smoking [status (never/former/current), frequency (n/day; con-
tinuous, centered), duration (years; continuous, centered)], BMI (< 1
8.5/18.5–< 25/25–< 30/30 + kg/m2), nonoccupational physical activ-
ity (≤ 30/> 30–≤ 60/> 60–≤ 90/> 90 min/day), educational level (low/
medium/high), family history of esophageal cancer (for esophageal 
cancer subtypes; no/yes), family history of gastric cancer (for gastric 
cancer subtypes; no/yes), total energy intake (kcal/day; continuous), 
and alcohol consumption (0/0.1–< 5/5–< 15/15–< 30/30 + g/day)
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problem, since recall of remote diet is strongly influenced by 
current diet [30]. In general, cohort studies are less vulner-
able to reversed causation than case–control studies because 
of the longitudinal design. In line with this reasoning, we 
observed in our study that the median nut consumption 
significantly differed between ESCC cases diagnosed after 
different follow-up durations. To investigate the effect of 
potential reversed causation on our results, we conducted 
sensitivity analyses in which we excluded the first 4 years 
of follow-up. This did not change the conclusions about the 
relation of nut and peanut butter consumption with EAC, 
GCA, and GNCA risk. The associations between nut con-
sumption and ESCC risk attenuated, but remained inverse. 
This clearly underlines the importance of taking into account 
possible information bias due to reversed causation, espe-
cially in case–control studies.

Nuts are rich sources of vitamins (e.g., B6, B9, and E), 
minerals (e.g., selenium and magnesium), fiber, proteins, 
mono- and polyunsaturated fatty acids, phytosterols, and 
polyphenols [e.g., flavonoids (quercetin, genistein), stilbenes 
(resveratrol), and ellagic acid] [5, 6]. However, the nutrient 
composition varies between nut types. Peanuts, which are 
botanically legumes, contain comparable amounts of total 
fat, protein, and fiber as almonds, but higher amounts of 
saturated fatty acids, folate and phytosterols [31]. Walnuts 
contain less protein, fiber, and folate than peanuts, and more 
total fat, which is mainly due to its high polyunsaturated 
fatty acid content [31]. Peanut butter contains the benefi-
cial components of peanuts, although some additives are 
supplemented to enhance its quality, taste, and presenta-
tion [32]. The main proposed mechanisms by which nuts 
might conduct their cancer-chemopreventive effects relate to 
their antioxidant and anti-inflammatory effects [5, 6]. Other 
hypothesized mechanisms are the regulation of cell differ-
entiation, proliferation and apoptosis, inhibition of tumor 
initiation, modulation of angiogenesis, induction of DNA 
damage repair and detoxifying metabolic enzymes, modi-
fication of hormonal mechanisms, and alteration of lipid 
profiles and cell metabolism [5, 6].

EAC mainly develops in the distal esophagus and GCA 
in the gastric cardia. Therefore, it might be difficult to 
determine whether a large tumor near the gastroesophageal 
junction has an esophageal or a gastric origin [33]. Conse-
quently, misclassification of EAC and GCA tumors might 
occur. In the NLCS, information on cancer incidence was 
obtained from the Netherlands Cancer Registry. This regis-
try combines pathology and clinical information to obtain 
high-quality data regarding the topography and histology of 
tumors, which has been reported to be of high accuracy [34].

The number of esophageal cancer and GCA cases in our 
study was fairly limited, because of the relatively low inci-
dence of these cancers in the Netherlands [35]. Neverthe-
less, the large size of the NLCS and the long follow-up of Ta
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20.3 years enabled us to analyze the esophageal and gastric 
cancer subtypes separately. Due to limited power, we could 
not perform the analysis for males and females separately, 
except for the continuous analyses. In the continuous anal-
yses, the associations appeared to be stronger in females 
than in males. Therefore, we recommend to investigate sex-
specific relations in future studies. Another strength is that 
we were able to investigate the effects of different types of 
nuts on the risk of esophageal and gastric cancer subtypes. 
Moreover, the prospective design and the high completeness 
of follow-up make selection and information bias unlikely.

Our results were adjusted for many possible confound-
ers, but residual confounding by unmeasured factors may 
still occur. No data on H. Pylori infection were collected at 
baseline in 1986 and, therefore, we could not adjust for this 
factor. In a Dutch study published in 2013, the seropreva-
lence of H. Pylori was estimated to be 48% among Dutch 
blood donors born between 1935 and 1946 and 16% among 
those born between 1977 and 1987, indicating a birth-cohort 
effect [36]. Because the participants in our study were born 
between 1916 and 1932, we expect the prevalence in our 
study population to be higher than 48%. H. Pylori infection 
has been shown to increase GNCA risk, whereas it decreases 
EAC risk and possibly also GCA risk in low-risk settings 
[37, 38]. Therefore, H. Pylori infection may be a confounder 
if it is also associated with nut intake. If H. Pylori infection 
would be related to a reduced nut intake because of stomach 
complaints or decreased appetite, then the inverse associa-
tion between nut intake and GNCA risk might be an overes-
timation. However, no evidence regarding this association 
is available. In addition, in recent years, several publications 
have hypothesized that statin use reduces esophageal and 
gastric cancer risk [39–41]. We recommend future studies 
to take these factors into account as well.

In conclusion, increased nut consumption was associated 
with a reduced risk of GNCA in this large prospective cohort 
study, and possibly with a reduced risk of ESCC. Peanut 
butter was not significantly related to gastric or esophageal 
cancer risk.
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