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Abstract

Nut intake has been associated with reduced total cancer-related mortality, but evidence for colorectal cancer (CRC) risk 
is inconclusive. We investigated the associations between nut and peanut butter intake and anatomical CRC subtypes. To 
account for molecular heterogeneity, associations between nut and peanut butter intake and colorectal tumors harboring 
APC, KRAS or BRAF mutations, p53 overexpression or microsatellite instability were examined in secondary analyses. In 
the Netherlands Cohort Study (n = 120 852), lifestyle habits were measured with a questionnaire in 1986. After 20.3 years 
follow-up, 3567 CRC cases were included in case–cohort analyses. For the analyses of molecular CRC subtypes, 574 cases 
were included after 7.3 years follow-up. In categorical analyses, total nut intake was not significantly associated with 
CRC [HR (95% CI) 10+ g/day versus non-consumers = 0.94(0.78–1.15) in men; 0.96(0.75–1.22) in women]. In restricted cubic 
spline analyses, significant non-linear inverse associations with rectal cancer were observed for total nut, peanut and 
peanut butter intake in women, and borderline significant non-linear inverse associations for total nut and peanut intake 
in men. Regarding the molecular CRC subtypes, peanut butter intake was significantly associated with an increased 
risk of colorectal tumors that did not develop through the serrated neoplasia pathway in men [HR (95% CI) per 5 g/day 
increment = 1.22(1.07–1.38)]. Nut and peanut butter intake are non-linearly inversely associated with rectal cancer risk in 
women. In men, nut intake is borderline significantly non-linearly associated with a reduced rectal cancer risk. Peanut 
butter is associated with an increased risk of colorectal tumors that do not develop through the serrated neoplasia pathway 
in men.

Introduction
In 2018, colorectal cancer (CRC) was estimated to be the third 
most common cancer worldwide, accounting for 10.2% of 
all new cancer cases, and the second most frequent cause of 
cancer-related mortality (1). The global incidence of CRC has 
been estimated to rise to more than 2.2 million new cases and 
1.1 million deaths by 2030, which is partly caused by changes in 
the prevalence of lifestyle factors with more people adopting a 
more Western diet and lifestyle (2).

Nuts represent a food group that has been studied for its 
potential cancer-chemopreventive activities, because recent 

studies have shown that nut consumption is inversely as-
sociated with total cancer-related mortality (3). Nuts con-
tain numerous bioactive compounds like vitamins B6 and 
E, folate, selenium, fiber, mono- and polyunsaturated fatty 
acids and polyphenols. The nutritional composition differs 
per nut subtype (4,5). Possible mechanisms by which nuts 
might reduce CRC risk relate to their antioxidant activities 
and anti-inflammatory effects (4,6,7). Bioactive compounds 
in nuts might contribute to normal cell differentiation and 
DNA repair mechanisms, reduced tumor initiation, promotion 
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and angiogenesis, and induced apoptosis (6,7). Fiber in nuts 
increase fecal volume, dilute fecal carcinogens, and decrease 
the intestinal transit time, thereby reducing the contact be-
tween carcinogens and the intestinal lining (7,8). However, the 
exact working mechanisms and the differential effects of nut 
subtypes have yet to be elucidated.

To our knowledge, eight prospective cohort studies (9–16) 
and eight case–control studies (17–24) have investigated the 
relation between nut and peanut butter intake and CRC risk. 
Two cohort studies found no significant associations between 
nut intake and CRC risk in both sexes (10,11). In men, five co-
hort studies observed no significant associations (9,11,13–15). In 
women, one cohort study found significant inverse associations 
of nut intake with colon and distal colon cancer, but not with 
colorectal, proximal colon and rectal cancer (11). Another cohort 
study in women observed significant inverse relations between 
peanut intake and CRC risk (13), and a third observed signifi-
cant inverse relations between total nut intake and colon cancer 
risk (16). Conversely, two cohort studies found no relations in 
women (12,14,15). No cohort studies were performed on peanut 
butter. Results from the case–control studies were contradictive 
as well (17–24).

The contradicting results might partly be explained by the 
fact that CRC is a heterogeneous disease with several molecular 
subtypes, each characterized by certain (epi)genetic abnormal-
ities (25). There are minimally two hypothesized pathways 
to CRC development. The traditional adenoma-carcinoma 
pathway accounts for 60–90% of all sporadic CRC tumors, which 
are more often observed in men and the distal colon, and is 
characterized by chromosomal instability (25). Mutations in 
the Adenomatous Polyposis Coli (APC) tumor suppressor gene 
often occur early in this pathway, whereas mutations in the 
Kirsten ras (KRAS) proto-oncogene and in TP53 are common 
later events (25). The serrated neoplasia pathway accounts for 
10–30% of all sporadic CRC tumors, which are more frequently 
observed in women and the proximal colon, and is character-
ized by microsatellite instability (MSI) (25). Mutations in the 
B-RAF proto-oncogene serine/threonine kinase (BRAF) are early 
events in this pathway (25).

Diet and lifestyle may play important roles in causing mu-
tations and epigenetic alterations, and can influence tumor 
growth in tissues that already underwent (epi)genetic changes 
(25). Therefore, they might be associated with molecular char-
acteristics in CRC. If such associations are observed, this may 
point to distinct underlying molecular pathways linking diet 
and lifestyle to cancer and to distinct etiologies of molecular 
CRC subtypes. This will strengthen the evidence-based needed 
for prevention.

In previous studies, several nut components have been found 
to be associated with the molecular CRC subtypes (25). High in-
take of polyunsaturated fat, especially linoleic acid, has been 
positively associated with mutated KRAS colorectal tumors (26). 
In contrast, (marine) omega-3 polyunsaturated fatty acid intake 
was found to be associated with a lower risk of MSI-high tumors, 

but not MS-stable (MSS) tumors (27). Regarding folate intake, a 
positive associations has been found with mutated BRAF colo-
rectal tumors (28), but high folate consumption has also been 
associated with a reduced risk of mutated KRAS rectal tumors 
in men (29) and wild-type APC colon tumors, while being posi-
tively associated with mutated APC colon tumors in men (30). 
However, there is no prospective evidence for associations be-
tween nut or peanut butter intake and molecular CRC subtypes.

As primary aim, we investigated the associations between 
total nut, tree nut, peanut and peanut butter intake and the risk 
of anatomical CRC subtypes in men and women, using data 
from the Netherlands Cohort Study (NLCS) with 20.3  years of 
follow-up. As secondary aim, we performed exploratory and 
hypothesis-generating analyses to examine the associations be-
tween nut intake and molecular CRC subtypes, characterized by 
mutational status of APC, KRAS, BRAF and MSI and p53-status, 
using an existing database of molecular tumor characteristics 
of CRC cases who were diagnosed during the first 7.3 years of 
follow-up in the NLCS.

Materials and methods
The NLCS is a population-based prospective cohort study in the 
Netherlands, which started on 17 September 1986 (31). In total, 120 852 
men and women aged 55–69 years at baseline were included. A case–co-
hort approach was applied to improve the efficiency of the follow-up and 
data processing. A subcohort of 5000 participants was randomly sampled 
from the entire cohort directly after baseline. Cases were obtained from 
the entire cohort, whereas person-time was estimated in the subcohort as 
an estimate of the follow-up time in the total cohort.

In September 1986, participants filled in a mailed, self-administered 
baseline questionnaire on diet, lifestyle habits and other cancer risk fac-
tors. This questionnaire included a validated semi-quantitative 150-item 
food frequency questionnaire (FFQ) that covered information on dietary 
habits in the year preceding baseline (32). By filling in and returning the 
baseline questionnaire, participants agreed to participate in the NLCS. The 
NLCS was conducted in agreement with the Declaration of Helsinki. The 
institutional review boards of the Netherlands Organization for Applied 
Scientific Research TNO (Zeist) and Maastricht University (Maastricht) ap-
proved the NLCS.

The entire cohort was followed-up for cancer incidence until 31 
December 2006 by record linkage to the Dutch Pathology Registry (PALGA) 
and Dutch Cancer Registry (33), providing a coverage of approximately 96% 
(34). The subcohort was followed-up biennially for data on vital status, 
which was estimated to be 100% complete.

Study population
In our primary analyses, the study population consisted of subcohort 
members and incident microscopically confirmed CRC cases diagnosed 
during 20.3 years (baseline until December 2006) of follow-up. Participants 
were excluded if they reported prevalent cancer (excluding skin cancer) at 
baseline, if they had inconsistent or incomplete dietary data, or if they had 
missing data on potential confounding variables.

For the anatomical analyses, 3567 CRC cases (ICD-O-3 codes: C18–20) 
remained eligible after applying the inclusion and exclusion criteria, 
including 2483 colon cancer cases (C18) and 752 rectal cancer cases (C20) 
(Supplementary Figure S1 is available at Carcinogenesis Online). Of the 
colon cancer cases, 1292 were categorized as proximal (C18.0–18.4) and 
1120 as distal colon cancer cases (C18.5–18.7). Malignant tumors of the 
rectosigmoid junction (C19) were only included in the overall CRC ana-
lyses, because of the higher risk of misclassification.

For the molecular analyses, paraffin-embedded tumor tissue samples 
of 732 CRC cases detected during 7.3 years of follow-up (September 1986–
December 1993) were collected and analyzed as described in (35). Because 
of incomplete nationwide coverage by PALGA in the earlier years, the first 
2.3 years of follow-up were excluded. The number of CRC cases per mo-
lecular subtype are presented in Supplementary Figure S2, available at 
Carcinogenesis Online.

Abbreviations 

CRC colorectal cancer
ER estrogen receptor
FFQ food frequency questionnaire
MCR mutation cluster region
MSI microsatellite instability
NLCS the Netherlands Cohort Study
RFLP restriction fragment length 

polymorphism
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APC, KRAS and BRAF mutations
The methods of DNA isolation, PCR and sequencing have been described 
elsewhere (35–37). For the APC gene, tumor material was analyzed for mu-
tations in the mutation cluster region spanning codons 1286–1520 of exon 
15. For the KRAS oncogene, codons 12–13 of exon 1 were analyzed, and for 
the BRAF gene the V600E BRAF mutation in exon 15. For the APC and KRAS 
genes, a nested PCR method was performed, followed by direct sequencing 
of purified segments (35,36). For the BRAF gene, a semi-nested PCR and 
restriction fragment length polymorphism analyses were performed (37).

Microsatellite instability
MSI was determined by a pentaplex PCR using the MSI markers BAT-
26, BAT-25, NR-21, NR-22 and NR-24 (38). Tumors were classified as 
MS-unstable (MSI) if ≥2 markers showed instability and as MSS if ≤1 of the 
markers showed instability.

TP53 expression
Immunohistochemical staining of p53 was performed using the avidin–
biotin–peroxidase complex method, with the DO-7 mouse monoclonal 
antibody (DAKO A/S, Denmark) (39). Immunostained slides and negative 
controls were evaluated semi-quantitatively and independently by two 
observers without knowledge of clinical parameters. Cases were positive 
for TP53 overexpression if ≥20% of the tumor cell nuclei showed positive 
staining with the antibody (39).

Exposure measurement
The baseline questionnaire measured lifestyle habits, dietary intakes and 
other cancer risk factors. In the 150-item FFQ, three items covered intake 
of ‘peanuts’, ‘other, mixed nuts’ (tree nuts) and ‘peanut butter’ in the pre-
ceding year. Participants filled in the intake frequencies and number of 
portion sizes they consumed per intake. Intake frequencies could range 
from ‘never or <1×/month’ to ‘6–7×/week’. Assumed standard portion sizes 
were 28 g for peanuts and tree nuts and 15 g per slice of bread for peanut 
butter (32). Mean daily intakes were calculated by multiplying intake fre-
quencies and portion sizes. Total nut intake was the sum of tree nut and 
peanut intake. Peanut butter intake was not included in total nut intake, 
because its nutrient composition differs from that of nuts (5). NLCS per-
sonnel was blinded to the case/subcohort status of participants during the 
entry, coding and interpretation of the questionnaire data.

Statistical analysis
Age- and multivariable-adjusted Cox regression analyses were performed 
for men and women separately. In our primary analyses, we investigated 

the relation between total nut intake and CRC risk. The analyses were 
also performed for tree nut, peanut and peanut butter intake and for 
colon, proximal colon, distal colon and rectal cancer. Person-years in the 
subcohort were calculated from baseline (September 1986) until CRC diag-
nosis, loss to follow-up, death, migration or end of follow up (December 
2006), whichever came first.

The proportional hazards assumption was tested using scaled 
Schoenfeld residuals (40) and by visually inspecting log-minus-log sur-
vival plots. Because a potential violation was observed for age, a time-
varying covariate was included for age. Additional variance introduced by 
sampling the subcohort from the full cohort was taken into account by 
using the robust Huber–White sandwich estimator (41).

Total nut, tree nut, peanut and peanut butter intakes were analyzed 
on a categorical and continuous scale. Total nut and peanut intake were 
categorized into 0, 0.1–<5, 5–<10 and 10+ g/day, and tree nut and peanut 
butter intake into 0, 0.1–<5 and 5+ g/day because of the smaller number of 
participants in the higher intake categories. Non-consumers formed the 
reference category. Linear trends were evaluated by assigning median in-
takes in the subcohort to the intake categories, fitting these as continuous 
variables in regression models, and performing Wald tests. In continuous 
analyses, increments of 5 g/day were analyzed.

Predefined confounders included age (years; continuous), cigarette 
smoking [status (never/former/current), frequency (n/day; continuous, 
centered) and duration (years; continuous, centered)], BMI (<18.5/18.5–
<25/25–<30/30+ kg/m2), non-occupational physical activity (≤30/>30–
≤60/>60–≤90/>90 min/day), educational level [primary or lower vocational 
education (low)/secondary or medium vocational education (medium)/
higher vocational education or university (high)], family history of CRC 
(no/yes), total energy intake (kcal/day; continuous) and alcohol consump-
tion (0/0.1–<5/5–<15/15–<30/30+ g/day). Cigarette smoking frequency and 
duration were centered to reduce multicollinearity between the smoking 
variables (42). Potential confounders included height, consumption of 
fruits, vegetables, whole grains, red meat, processed meat, fish, dairy prod-
ucts, cheese and coffee, nutritional supplement use, post-menopausal 
hormone replacement therapy (in women), long-term use (>6  months) 
of non-steroidal anti-inflammatory drugs (including aspirin), history of 
chronic bowel disease and history of diabetes. Predefined confounders 
were included in the multivariable-adjusted models irrespective of their 
effect on the HRs. None of the potential confounders changed the HRs 
with ≥10% when using a backward selection procedure, so only the prede-
fined confounders were included in the final model.

In nutritional epidemiologic research, linear relations are uncommon 
because the capacity for absorbing, transporting and metabolizing dietary 
factors is often limited (43). Therefore, we tested for non-linearity using 
restricted cubic spline analyses with three fixed knots at 0, 5 and 10 g/
day. In sensitivity analyses, this model was compared with models with 

Table 1. Baseline characteristics [mean (SD) or %] of subcohort members and CRC cases; NLCS, 1986–2006

Men Women

Subcohort Colorectal cancer cases Colon cancer cases Rectal cancer cases Subcohort Colorectal cancer cases Colon cancer cases Rectal cancer cases

N 1834 1993 1296 475 1886 1574 1187 277
Age (years) 61.2 (4.2) 61.5 (4.1) 61.7 (4.2) 61.1 (4.0) 61.4 (4.2) 61.9 (4.1) 61.9 (4.1) 61.8 (4.0)
Body mass index (kg/m2) 24.9 (2.6) 25.2 (2.6) 25.2 (2.7) 25.1 (2.5) 25.0 (3.5) 25.0 (3.5) 25.0 (3.5) 25.0 (3.5)
Ever cigarette smoker (%) 86.4 87.2 86.7 88.2 41.1 41.9 40.5 45.1
University or higher vocational  

education (%) 
20.3 21.3 24.2 16.4 9.5 9.8 9.8 7.2

Non-occupational physical activity  
(min/day)

81.0 (67.4) 82.5 (67.6) 82.7 (66.5) 85.5 (73.0) 65.5 (50.6) 62.9 (51.9) 62.7 (51.4) 63.7 (57.5)

Family history of CRC (%) 5.6 9.1 9.5 7.0 6.0 10.3 10.5 9.8
Daily energy intake (kcal) 2167 (499) 2150 (484) 2132 (488) 2200 (471) 1684 (389) 1681 (375) 1677 (382) 1690 (335)
Total nut intake (g/day) 7.9 (13.7) 7.9 (13.2) 7.8 (12.2) 8.0 (14.7) 4.4 (8.5) 4.3 (8.5) 4.5 (8.7) 3.6 (7.6)
Tree nut intake (g/day) 1.0 (3.4) 1.0 (3.4) 1.1 (3.5) 1.0 (3.4) 1.1 (4.0) 1.0 (3.1) 1.0 (3.0) 0.9 (3.4)
Peanut intake (g/day) 6.9 (13.0) 6.9 (12.4) 6.6 (11.3) 7.0 (13.9) 3.3 (7.0) 3.3 (7.2) 3.5 (7.4) 2.7 (6.2)
Peanut butter intake (g/

day)
1.4 (4.2) 1.6 (4.2) 1.5 (4.1) 1.4 (3.7) 1.2 (3.6) 1.0 (3.5) 1.1 (3.8) 0.8 (2.4)

Alcohol intake (g/day) 15.1 (17.1) 16.3 (17.2) 15.6 (16.5) 17.6 (18.6) 6.0 (9.5) 6.3 (10.5) 6.2 (10.2) 6.5 (10.9)
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different knot positions or additional knots using the Akaike Information 
Criterion score (44).

Heterogeneity in the associations between nut intake and the risk of 
anatomical CRC subtypes was tested using a competing risk procedure 
(28), which estimates standard errors using a bootstrapping method (1000 
replications) especially designed for the case–cohort design (45).

Stratified analyses were performed to investigate associations be-
tween total nut intake and colon and rectal cancer risk across levels of BMI 
(18.5–<25,/25+ kg/m2), non-occupational physical activity (≤30/30–≤60/60–
≤90/>90  min/day), cigarette smoking status (never/former/current), al-
cohol consumption (0/0.1–<5/≥5  g/day), educational level (low/medium/
high) and family history of CRC (no/yes) to exploratively investigate po-
tential effect modification. Participants with a BMI <18.5  kg/m2 were 
excluded from the interaction analyses, because of the low number of par-
ticipants in this category. The two highest intake categories were merged 
to increase statistical power. Interactions were tested by including cross-
product terms in the Cox regression models and performing Wald tests.

In sensitivity analyses, we mutually adjusted tree nut, peanut and 
peanut butter intakes and we additionally adjusted for the alternate 
Mediterranean diet (aMED) score excluding alcohol and nuts (46). Potential 
reversed causation was examined by comparing the median total nut in-
take of cases diagnosed during the first 2 years of follow-up to the median 
intakes of cases diagnosed later in time, and by excluding the first 2 years 
of follow-up. Moreover, we restricted the peanut butter analyses to parti-
cipants with a self-reported constant peanut butter intake in the 5 years 
before baseline. This information was obtained from the FFQ, in which 
participants were asked whether they used more, less, or just as much 
peanut butter 5 years before baseline as they did at baseline. This infor-
mation was collected for peanut butter intake, but unfortunately not for 
tree nuts and peanuts.

Two-sided P-values < 0.05 were considered statistically significant. All 
analyses were performed in Stata 14 software (StataCorp.2015. College 
Station, TX, USA).

Molecular subtypes
In the molecular analyses, we investigated the relation between nut and 
peanut butter intake and the following molecular CRC endpoints: the 
presence of truncating APC mutations (no/yes); activating KRAS mutations 
(no/yes); p53 overexpression (no/yes); BRAF mutations (no/yes) and MSI 
(no/yes). The relation between nut intake and CRC developed through the 
traditional adenoma–carcinoma pathway was investigated by examining 
truncating APC mutations and/or activating KRAS mutations and/or p53 
overexpression as combined endpoint. BRAF mutations and/or MSI were 
combined as marker of the serrated neoplasia pathway. Unfortunately, 
the molecular analyses could not be performed for colon or rectal cancer 

separately, because of the small number of cases and the skewed distri-
bution of nut intake. We did not combine men and women, because the 
confounder patterns and the relation between nut intake and cancer risk 
differed between the sexes in previous studies (11,19).

In the molecular analyses, the same statistical approach was used 
as in the primary analyses. However, the follow-up period ran until 
December 1993 and excluded the first 2.3 years. Also, nut intake categories 
were merged and alcohol intake and BMI were included as continuous 
covariates because of the lower case numbers. There were no violations 
of the PH assumption, so no time-varying covariates were included in the 
models. Moreover, the P-values of the trend tests and continuous ana-
lyses were adjusted for multiple testing using the method of Benjamini–
Hochberg (47), correcting for 44 tests per sex in the analyses of the 
individual molecular subtypes (Tables  3 and 4) and for 16 tests per sex 
in the analyses of the traditional adeno-carcinoma and serrated neo-
plasia pathways (Table 5). This correction was only done in the analyses 
of the molecular subtypes because of their explorative nature, the limited 
number of cases and the resulting less stable estimates.

Results
In Table  1, baseline characteristics stratified by sex are pre-
sented. In men, the mean (SD) total nut intake was 7.9 (13.7) g/
day in the subcohort and 7.9 (13.2) g/day in CRC cases. In women, 
these intakes were 4.4 (8.5) and 4.3 (8.5) g/day, respectively. Tree 
nut, peanut and peanut butter intakes were comparable in CRC 
cases and subcohort members. Female rectal cancer cases had 
lower mean intakes of total nuts, tree nuts and peanuts com-
pared with subcohort members.

On average, CRC cases were somewhat older than subcohort 
members, more often ever smokers, and higher educated, more 
often reported a positive CRC family history, and reported higher 
alcohol intakes (Table  1). Male cases were on average heavier 
than subcohort members and more non-occupationally phys-
ically active. Female cases were less non-occupationally physic-
ally active than subcohort members.

Multivariable-adjusted HRs for the associations between nut 
and peanut butter intake and the risk of CRC and its anatom-
ical subtypes in men and women are presented in Table 2. Age-
adjusted results can be found in Supplementary Tables S1 and S2, 
available at Carcinogenesis Online, for men and women, respect-
ively. Total nut intake was not associated with CRC risk in men 
or women in categorical and continuous multivariable-adjusted 

http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa080#supplementary-data


1372 | Carcinogenesis, 2020, Vol. 41, No. 10

Table 2. Multivariable-adjusted HRs and 95% CI for CRC and its anatomical subtypes in men and women, according to nut and peanut  
butter consumption; NLCS, 1986–2006

Colorectal cancer Colon cancer Proximal colon cancer Distal colon cancer Rectal cancer

Median intakea Person-years Cases 
Multivariable-adjusted  
HR (95% CI)b Cases

Multivariable-adjusted  
HR (95% CI)b Cases 

Multivariable-adjusted  
HR (95% CI)b Cases 

Multivariable-adjusted  
HR (95% CI)b Cases 

Multivariable-adjusted  
HR (95% CI)b

Men
Total nut intake (g/day)
 0 0.0 8605 614 1.00 (reference) 397 1.00 (reference) 173 1.00 (reference) 218 1.00 (reference) 155 1.00 (reference)
 0.1–<5 2.5 9509 668 1.00 (0.84–1.19) 426 0.99 (0.81–1.20) 196 1.06 (0.83–1.37) 213 0.87 (0.68–1.10) 168 1.02 (0.78–1.32)
 5–<10 8.5 3896 252 0.93 (0.74–1.17) 170 0.96 (0.74–1.24) 78 1.04 (0.74–1.45) 82 0.80 (0.59–1.11) 48 0.72 (0.49–1.04)
 10+ 21.4 6936 459 0.94 (0.78–1.15) 303 0.98 (0.78–1.22) 142 1.11 (0.84–1.47) 155 0.87 (0.66–1.14) 104 0.82 (0.60–1.11)
P-trend    0.494  0.849  0.541  0.481  0.123
Continuous, per 5 g/day increment    0.99 (0.97–1.02)  0.99 (0.96–1.02)  1.01 (0.97–1.04)  0.98 (0.95–1.02)  0.99 (0.95–1.03)
Tree nuts (g/day)
 0 0.0 20 837 1453 1.00 (reference) 935 1.00 (reference) 421 1.00 (reference) 488 1.00 (reference) 346 1.00 (reference)
 0.1–<5 1.6 6615 439 0.97 (0.82–1.14) 289 0.97 (0.80–1.17) 130 0.98 (0.77–1.25) 147 0.92 (0.73–1.16) 109 1.06 (0.82–1.36)
 5+ 8.9 1494 101 0.97 (0.71–1.32) 72 1.06 (0.76–1.49) 38 1.29 (0.86–1.95) 33 0.91 (0.59–1.41) 20 0.81 (0.48–1.35)
P-trend    0.774  0.791  0.253  0.593  0.485
Continuous, per 5 g/day increment    0.98 (0.89–1.07)  0.99 (0.90–1.09)  1.04 (0.93–1.15)  0.95 (0.83–1.09)  0.97 (0.82–1.14)
Peanuts (g/day)
 0 0.0 9711 696 1.00 (reference) 448 1.00 (reference) 198 1.00 (reference) 241 1.00 (reference) 177 1.00 (reference)
 0.1–<5 2.5 10 376 718 0.99 (0.84–1.17) 462 1.00 (0.83–1.20) 216 1.07 (0.85–1.37) 226 0.88 (0.70–1.10) 178 0.97 (0.75–1.24)
 5–<10 8.5 3216 197 0.91 (0.71–1.17) 133 0.98 (0.74–1.29) 58 0.99 (0.69–1.43) 70 0.93 (0.66–1.31) 35 0.61 (0.40–0.92)
 10+ 21.4 5643 382 0.97 (0.79–1.19) 253 1.02 (0.81–1.28) 117 1.13 (0.84–1.51) 131 0.94 (0.71–1.25) 85 0.80 (0.58–1.10)
P-trend    0.704  0.858  0.527  0.944  0.112
Continuous, per 5 g/day increment    1.00 (0.97–1.02)  0.99 (0.96–1.02)  1.00 (0.97–1.04)  0.99 (0.95–1.03)  0.99 (0.95–1.04)
Peanut butter (g/day)
 0 0.0 20 730 1427 1.00 (reference) 929 1.00 (reference) 425 1.00 (reference) 476 1.00 (reference) 347 1.00 (reference)
 0.1–<5 1.2 4995 318 0.99 (0.82–1.19) 208 0.98 (0.79–1.20) 94 0.98 (0.75–1.28) 106 0.96 (0.74–1.24) 70 0.91 (0.68–1.22)
 5+ 9.6 3220 248 1.22 (0.98–1.51) 159 1.21 (0.95–1.54) 70 1.17 (0.86–1.60) 86 1.27 (0.95–1.70) 58 1.14 (0.82–1.59)
P-trend    0.076  0.125  0.318  0.109  0.429
Continuous, per 5 g/day increment    1.07 (0.99–1.15)  1.06 (0.98–1.15)  1.07 (0.97–1.19)  1.05 (0.95–1.16)  1.01 (0.90–1.13)
Women
Total nut intake (g/day)
 0 0.0 13 183 629 1.00 (reference) 452 1.00 (reference) 276 1.00 (reference) 163 1.00 (reference) 126 1.00 (reference)
 0.1–<5 2.1 12 150 606 1.10 (0.94–1.30) 462 1.18 (0.99–1.41) 261 1.11 (0.90–1.37) 189 1.31 (1.02–1.67) 106 0.95 (0.71–1.27)
 5–<10 7.8 3762 149 0.94 (0.73–1.22) 125 1.13 (0.86–1.49) 71 1.09 (0.78–1.51) 49 1.18 (0.81–1.73) 14 0.42 (0.23–0.76)
 10+ 15.7 4223 190 0.96 (0.75–1.22) 148 1.07 (0.82–1.39) 95 1.13 (0.83–1.54) 51 1.02 (0.70–1.47) 31 0.74 (0.47–1.16)
P-trend    0.458  0.816  0.517  0.782  0.060
Continuous, per 5 g/day increment    1.00 (0.96–1.04)  1.02 (0.97–1.06)  1.02 (0.97–1.07)  1.02 (0.95–1.09)  0.93 (0.83–1.03)
Tree nuts (g/day)
 0 0.0 23 269 1124 1.00 (reference) 835 1.00 (reference) 507 1.00 (reference) 306 1.00 (reference) 207 1.00 (reference)
 0.1–<5 1.6 8228 368 0.96 (0.81–1.14) 289 1.02 (0.85–1.23) 159 0.92 (0.74–1.15) 122 1.19 (0.92–1.53) 55 0.80 (0.57–1.11)
 5+ 8.9 1821 82 0.98 (0.71–1.36) 63 1.03 (0.73–1.46) 37 1.00 (0.66–1.52) 24 1.09 (0.67–1.77) 15 0.99 (0.55–1.79)
P-trend    0.858  0.834  0.895  0.571  0.809
Continuous, per 5 g/day increment    0.98 (0.89–1.07)  0.99 (0.91–1.08)  1.01 (0.91–1.11)  0.97 (0.85–1.10)  0.94 (0.72–1.21)
Peanuts (g/day)
 0 0.0 15 536 733 1.00 (reference) 531 1.00 (reference) 316 1.00 (reference) 201 1.00 (reference) 143 1.00 (reference)
 0.1–<5 2.5 12 435 608 1.09 (0.93–1.28) 473 1.18 (0.99–1.40) 278 1.20 (0.97–1.47) 182 1.16 (0.91–1.47) 101 0.93 (0.69–1.25)
 5–<10 8.5 2442 96 0.89 (0.66–1.20) 76 1.00 (0.73–1.38) 39 0.88 (0.59–1.31) 33 1.12 (0.72–1.74) 12 0.54 (0.29–1.02)
 10+ 17.1 2905 137 1.03 (0.79–1.35) 107 1.13 (0.85–1.52) 70 1.27 (0.90–1.78) 36 0.98 (0.65–1.49) 21 0.78 (0.46–1.30)
P-trend    0.849  0.628  0.398  0.908  0.169
Continuous, per 5 g/day increment    1.00 (0.96–1.06)  1.03 (0.97–1.08)  1.03 (0.96–1.09)  1.03 (0.95–1.12)  0.91 (0.80–1.04)
Peanut butter (g/day)
 0 0.0 24 266 1170 1.00 (reference) 866 1.00 (reference) 520 1.00 (reference) 323 1.00 (reference) 214 1.00 (reference)
 0.1–<5 1.2 5866 269 1.00 (0.83–1.20) 208 1.05 (0.86–1.29) 119 0.99 (0.77–1.26) 86 1.19 (0.90–1.57) 46 0.91 (0.65–1.30)
 5+ 6.9 3186 135 0.95 (0.74–1.22) 113 1.08 (0.82–1.41) 64 1.03 (0.74–1.42) 43 1.09 (0.75–1.59) 17 0.63 (0.37–1.09)
P-trend    0.682  0.559  0.879  0.596  0.092
Continuous, per 5 g/day increment    0.96 (0.85–1.08)  1.01 (0.89–1.14)  0.99 (0.84–1.16)  1.05 (0.89–1.22)  0.78 (0.60–1.02)

aMedian intake in the subcohort.
bAdjusted for age (years; continuous), cigarette smoking [status (never/former/current), frequency (n/day; continuous, centered) and duration (years; continuous,  

centered)], BMI (<18.5/18.5–<25/25–<30/30+ kg/m2), non-occupational physical activity (≤30/>30–≤60/>60–≤90/>90 min/day), educational level (low/medium/high),  

family history of CRC (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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Table 2. Multivariable-adjusted HRs and 95% CI for CRC and its anatomical subtypes in men and women, according to nut and peanut  
butter consumption; NLCS, 1986–2006

Colorectal cancer Colon cancer Proximal colon cancer Distal colon cancer Rectal cancer

Median intakea Person-years Cases 
Multivariable-adjusted  
HR (95% CI)b Cases

Multivariable-adjusted  
HR (95% CI)b Cases 

Multivariable-adjusted  
HR (95% CI)b Cases 

Multivariable-adjusted  
HR (95% CI)b Cases 

Multivariable-adjusted  
HR (95% CI)b

Men
Total nut intake (g/day)
 0 0.0 8605 614 1.00 (reference) 397 1.00 (reference) 173 1.00 (reference) 218 1.00 (reference) 155 1.00 (reference)
 0.1–<5 2.5 9509 668 1.00 (0.84–1.19) 426 0.99 (0.81–1.20) 196 1.06 (0.83–1.37) 213 0.87 (0.68–1.10) 168 1.02 (0.78–1.32)
 5–<10 8.5 3896 252 0.93 (0.74–1.17) 170 0.96 (0.74–1.24) 78 1.04 (0.74–1.45) 82 0.80 (0.59–1.11) 48 0.72 (0.49–1.04)
 10+ 21.4 6936 459 0.94 (0.78–1.15) 303 0.98 (0.78–1.22) 142 1.11 (0.84–1.47) 155 0.87 (0.66–1.14) 104 0.82 (0.60–1.11)
P-trend    0.494  0.849  0.541  0.481  0.123
Continuous, per 5 g/day increment    0.99 (0.97–1.02)  0.99 (0.96–1.02)  1.01 (0.97–1.04)  0.98 (0.95–1.02)  0.99 (0.95–1.03)
Tree nuts (g/day)
 0 0.0 20 837 1453 1.00 (reference) 935 1.00 (reference) 421 1.00 (reference) 488 1.00 (reference) 346 1.00 (reference)
 0.1–<5 1.6 6615 439 0.97 (0.82–1.14) 289 0.97 (0.80–1.17) 130 0.98 (0.77–1.25) 147 0.92 (0.73–1.16) 109 1.06 (0.82–1.36)
 5+ 8.9 1494 101 0.97 (0.71–1.32) 72 1.06 (0.76–1.49) 38 1.29 (0.86–1.95) 33 0.91 (0.59–1.41) 20 0.81 (0.48–1.35)
P-trend    0.774  0.791  0.253  0.593  0.485
Continuous, per 5 g/day increment    0.98 (0.89–1.07)  0.99 (0.90–1.09)  1.04 (0.93–1.15)  0.95 (0.83–1.09)  0.97 (0.82–1.14)
Peanuts (g/day)
 0 0.0 9711 696 1.00 (reference) 448 1.00 (reference) 198 1.00 (reference) 241 1.00 (reference) 177 1.00 (reference)
 0.1–<5 2.5 10 376 718 0.99 (0.84–1.17) 462 1.00 (0.83–1.20) 216 1.07 (0.85–1.37) 226 0.88 (0.70–1.10) 178 0.97 (0.75–1.24)
 5–<10 8.5 3216 197 0.91 (0.71–1.17) 133 0.98 (0.74–1.29) 58 0.99 (0.69–1.43) 70 0.93 (0.66–1.31) 35 0.61 (0.40–0.92)
 10+ 21.4 5643 382 0.97 (0.79–1.19) 253 1.02 (0.81–1.28) 117 1.13 (0.84–1.51) 131 0.94 (0.71–1.25) 85 0.80 (0.58–1.10)
P-trend    0.704  0.858  0.527  0.944  0.112
Continuous, per 5 g/day increment    1.00 (0.97–1.02)  0.99 (0.96–1.02)  1.00 (0.97–1.04)  0.99 (0.95–1.03)  0.99 (0.95–1.04)
Peanut butter (g/day)
 0 0.0 20 730 1427 1.00 (reference) 929 1.00 (reference) 425 1.00 (reference) 476 1.00 (reference) 347 1.00 (reference)
 0.1–<5 1.2 4995 318 0.99 (0.82–1.19) 208 0.98 (0.79–1.20) 94 0.98 (0.75–1.28) 106 0.96 (0.74–1.24) 70 0.91 (0.68–1.22)
 5+ 9.6 3220 248 1.22 (0.98–1.51) 159 1.21 (0.95–1.54) 70 1.17 (0.86–1.60) 86 1.27 (0.95–1.70) 58 1.14 (0.82–1.59)
P-trend    0.076  0.125  0.318  0.109  0.429
Continuous, per 5 g/day increment    1.07 (0.99–1.15)  1.06 (0.98–1.15)  1.07 (0.97–1.19)  1.05 (0.95–1.16)  1.01 (0.90–1.13)
Women
Total nut intake (g/day)
 0 0.0 13 183 629 1.00 (reference) 452 1.00 (reference) 276 1.00 (reference) 163 1.00 (reference) 126 1.00 (reference)
 0.1–<5 2.1 12 150 606 1.10 (0.94–1.30) 462 1.18 (0.99–1.41) 261 1.11 (0.90–1.37) 189 1.31 (1.02–1.67) 106 0.95 (0.71–1.27)
 5–<10 7.8 3762 149 0.94 (0.73–1.22) 125 1.13 (0.86–1.49) 71 1.09 (0.78–1.51) 49 1.18 (0.81–1.73) 14 0.42 (0.23–0.76)
 10+ 15.7 4223 190 0.96 (0.75–1.22) 148 1.07 (0.82–1.39) 95 1.13 (0.83–1.54) 51 1.02 (0.70–1.47) 31 0.74 (0.47–1.16)
P-trend    0.458  0.816  0.517  0.782  0.060
Continuous, per 5 g/day increment    1.00 (0.96–1.04)  1.02 (0.97–1.06)  1.02 (0.97–1.07)  1.02 (0.95–1.09)  0.93 (0.83–1.03)
Tree nuts (g/day)
 0 0.0 23 269 1124 1.00 (reference) 835 1.00 (reference) 507 1.00 (reference) 306 1.00 (reference) 207 1.00 (reference)
 0.1–<5 1.6 8228 368 0.96 (0.81–1.14) 289 1.02 (0.85–1.23) 159 0.92 (0.74–1.15) 122 1.19 (0.92–1.53) 55 0.80 (0.57–1.11)
 5+ 8.9 1821 82 0.98 (0.71–1.36) 63 1.03 (0.73–1.46) 37 1.00 (0.66–1.52) 24 1.09 (0.67–1.77) 15 0.99 (0.55–1.79)
P-trend    0.858  0.834  0.895  0.571  0.809
Continuous, per 5 g/day increment    0.98 (0.89–1.07)  0.99 (0.91–1.08)  1.01 (0.91–1.11)  0.97 (0.85–1.10)  0.94 (0.72–1.21)
Peanuts (g/day)
 0 0.0 15 536 733 1.00 (reference) 531 1.00 (reference) 316 1.00 (reference) 201 1.00 (reference) 143 1.00 (reference)
 0.1–<5 2.5 12 435 608 1.09 (0.93–1.28) 473 1.18 (0.99–1.40) 278 1.20 (0.97–1.47) 182 1.16 (0.91–1.47) 101 0.93 (0.69–1.25)
 5–<10 8.5 2442 96 0.89 (0.66–1.20) 76 1.00 (0.73–1.38) 39 0.88 (0.59–1.31) 33 1.12 (0.72–1.74) 12 0.54 (0.29–1.02)
 10+ 17.1 2905 137 1.03 (0.79–1.35) 107 1.13 (0.85–1.52) 70 1.27 (0.90–1.78) 36 0.98 (0.65–1.49) 21 0.78 (0.46–1.30)
P-trend    0.849  0.628  0.398  0.908  0.169
Continuous, per 5 g/day increment    1.00 (0.96–1.06)  1.03 (0.97–1.08)  1.03 (0.96–1.09)  1.03 (0.95–1.12)  0.91 (0.80–1.04)
Peanut butter (g/day)
 0 0.0 24 266 1170 1.00 (reference) 866 1.00 (reference) 520 1.00 (reference) 323 1.00 (reference) 214 1.00 (reference)
 0.1–<5 1.2 5866 269 1.00 (0.83–1.20) 208 1.05 (0.86–1.29) 119 0.99 (0.77–1.26) 86 1.19 (0.90–1.57) 46 0.91 (0.65–1.30)
 5+ 6.9 3186 135 0.95 (0.74–1.22) 113 1.08 (0.82–1.41) 64 1.03 (0.74–1.42) 43 1.09 (0.75–1.59) 17 0.63 (0.37–1.09)
P-trend    0.682  0.559  0.879  0.596  0.092
Continuous, per 5 g/day increment    0.96 (0.85–1.08)  1.01 (0.89–1.14)  0.99 (0.84–1.16)  1.05 (0.89–1.22)  0.78 (0.60–1.02)

aMedian intake in the subcohort.
bAdjusted for age (years; continuous), cigarette smoking [status (never/former/current), frequency (n/day; continuous, centered) and duration (years; continuous,  

centered)], BMI (<18.5/18.5–<25/25–<30/30+ kg/m2), non-occupational physical activity (≤30/>30–≤60/>60–≤90/>90 min/day), educational level (low/medium/high),  

family history of CRC (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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analyses. Compared with non-consumers, the HR (95% CI) for 
10+ g total nuts/day was 0.94 (0.78–1.15; P-trend of linear test 
over all intake categories  =  0.494) in men and 0.96 (0.75–1.22; 
P-trend  =  0.458) in women. No associations between tree nut, 
peanut and peanut butter intake and CRC risk were observed 
in both sexes. Nut and peanut butter intake were also not as-
sociated with colon, proximal colon and distal colon cancer 
in both sexes, except for a significant positive association be-
tween 0.1–<5 g total nut intake/day and distal colon cancer risk 
in women [HR (95% CI) = 1.31 (1.02–1.67)]. In men, no significant 
associations were observed between nut and peanut butter in-
take and rectal cancer, except for a significant inverse associ-
ation for 5–<10 g peanut intake/day versus non-consumers [HR 
(95% CI) = 0.61 (0.40–0.92)]. In women, also no significant asso-
ciations were seen between nut and peanut butter intake and 
rectal cancer risk, except for a significant inverse association 

for 5–<10 g total nut intake/day versus non-consumers [HR (95% 
CI) = 0.42 (0.23–0.76)].

The tests for heterogeneity across the anatomical CRC sub-
types showed significant heterogeneity between overall colon 
and rectal cancer in women (P-heterogeneity = 0.029), but not 
in men (P-heterogeneity  =  0.263). No significant heterogen-
eity was found between proximal and distal colon cancer in 
both sexes.

Restricted cubic spline curves for colon and rectal cancer 
according to nut and peanut butter intake are presented in 
Figure 1. For colon cancer, no associations were seen with nut 
or peanut butter intake in both sexes, and no statistical evi-
dence for non-linearity. For rectal cancer, the exposure re-
sponse curves showed significant inverse associations with 
total nut, peanut and peanut butter intake in women, with a 
clear leveling-off of the exposure-response curves at intake of 

Figure 1. Restricted cubic spline curves, with three fixed knots at 0, 5 and 10 g nut or peanut butter intake/day; NLCS, 1986–2006. Blue lines represent males and orange 

lines females. Solid lines represent HRs and dashed lines 95% CIs. HRs were multivariable-adjusted for age (years; continuous), cigarette smoking [status (never/former/

current), frequency (n/day; continuous, centered) and duration (years; continuous, centered)], BMI (<18.5/18.5–<25/25–<30/30+ kg/m2), non-occupational physical ac-

tivity (≤30/>30–≤60/>60–≤90/>90 min/day), educational level (low/medium/high), family history of CRC (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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>7.5 g/day. The non-linearity tests were significant for total nut 
and peanut intake in relation to rectal cancer in women (P-non-
linearity = 0.011 and 0.023, respectively), but not for tree nut or 
peanut butter intake. In men, the inverse associations between 
total nut and peanut intake and rectal cancer risk were border-
line significant and no evidence for non-linearity was found. 
Based on the AIC score, the model fit of the restricted cubic 
spline model with three fixed knots at 0, 5 and 10 g nut intake/
day did not improve when using additional knots or different 
knot positions (data not shown).

In the analyses stratified by potential effect modifiers, we 
observed a significant interaction between total nut intake and 
cigarette smoking status in relation to colon cancer in women 
(P-interaction  =  0.015; Supplementary Table S3 is available at 
Carcinogenesis Online): we observed no association between total 
nut intake and colon cancer risk in never and former smokers, 
and a significant positive association in current smokers. 
For rectal cancer (Supplementary Table S4 is available at 
Carcinogenesis Online), significant inverse trends with total nut 
intake were seen in men and women with this categorization 
[HR (95% CI) for 5+ g/day versus non-consumers  =  0.78 (0.60–
1.03), P-trend of linear test over all intake categories = 0.043 and 
0.58 (0.39–0.87), P-trend = 0.005, respectively]. A significant inter-
action by BMI was found in men (P-interaction = 0.002), with a 
significant inverse association in normal weight men and a sig-
nificant positive association in overweight men for the second 
nut intake category.

In sensitivity analyses, mutually adjusting tree nut, peanut 
and peanut butter intake did not importantly change the results 
for the anatomical CRC subtypes, and neither did additionally 
adjusting for the aMED score excluding alcohol and nuts. When 
comparing the median total nut intake at baseline of colon and 
rectal cancer cases diagnosed over the follow-up period, we 
observed no increasing or decreasing trends (Supplementary 
Table S5 is available at Carcinogenesis Online). However, the 
Kruskal–Wallis tests was significant for total nut intake in male 
rectal cancer cases (P = 0.013). Excluding the first two years of 
follow-up or restricting the analyses of peanut butter to partici-
pants with a constant peanut butter intake in the 5 years before 
baseline did not change the results essentially.

Molecular subtypes

Baseline characteristics of subcohort members and cases per 
molecular CRC subtype are presented in Supplementary Table 
S6, available at Carcinogenesis Online. Multivariable-adjusted 
HRs (95% CI) for the relation between nut and peanut butter in-
take and the risk of molecular CRC subtypes can be found in 
Tables  3 and 4. For total nut intake, no associations were ob-
served in both sexes, except for significant inverse associations 
with total CRC and wild-type KRAS tumors in men [HR (95% CI) 
for 10+ g/day versus non-consumers = 0.65 (0.45–0.95), P-trend of 
linear test over all intake categories = 0.060 and 0.54 (0.34–0.87), 
P-trend = 0.042, respectively]. After FDR correction, the P-trend 
for wild-type KRAS tumors became non-significant. For tree nut 
intake, no associations with the molecular subtypes were ob-
served in both sexes in the categorical analyses. In continuous 
analyses, the HR (95% CI) per 5 g tree nuts/day increment was 0.52 
(0.28–0.95) for MSI tumors in women. This inconsistent finding 
between the categorical and continuous analyses is probably due 
to chance. Peanut intake was not associated with the molecular 
CRC subtypes in both sexes. For peanut butter intake, significant 
positive associations were found in wild-type KRAS tumors and 
tumors with p53 overexpression in men [HR (95% CI) for 5+ g/day 

versus non-consumers = 1.55 (1.00–2.40), P-trend = 0.047 and 1.59 
(1.01–2.52), P-trend  =  0.045, respectively]. After FDR correction, 
these P-trends became non-significant. In continuous analyses, 
significant positive associations with peanut butter were also 
seen in male cases with total CRC, with wild-type KRAS tumors, 
tumors with p53 overexpression, wild-type BRAF tumors and 
MSS tumors [HR (95% CI) per 5 g/day increment = 1.14 (1.02–1.29), 
1.15 (1.01–1.32), 1.21 (1.06–1.38), 1.20 (1.06–1.35) and 1.17 (1.03–
1.34), respectively]. However, the FDR-adjusted P-values were not 
significant for these estimates. In women, no clear associations 
were observed with peanut butter intake, except for a significant 
inverse association in mutated APC tumors in continuous ana-
lyses [HR (95% CI) per 5 g/day increment = 0.44 (0.22–0.90)], which 
became non-significant after FDR correction.

The heterogeneity test was significant for the associations 
between tree nut intake and the risk of tumors with and without 
p53 overexpression in women (P-heterogeneity  =  0.028), al-
though no significant associations were seen for these mo-
lecular subtypes.

When combining a truncating APC mutation and/or 
activating KRAS mutation and/or p53 overexpression into one 
endpoint (traditional adenoma–carcinoma pathway), no as-
sociations were observed in both sexes, except for a signifi-
cant positive association for peanut butter intake in men in 
continuous analyses [HR (95% CI) per 5 g/day increment = 1.18 
(1.04–1.33); Table 5]. However, the FDR-adjusted P-value for this 
continuous estimate was not significant. No relation was ob-
served in colorectal tumors that did not develop through the 
traditional adenoma–carcinoma pathway. In colorectal tumors 
with BRAF mutation and/or MSI (serrated neoplasia pathway), 
also no relation with nut intake was observed. In tumors that 
did not develop through the serrated neoplasia pathway, a sig-
nificant positive association with peanut butter intake in men 
in continuous analyses was found [HR (95% CI) per 5 g/day in-
crement = 1.22 (1.07–1.38)], which remained significant after FDR 
correction. About 74% of the tumors arising from the traditional 
adenoma–carcinoma pathway were also defined as tumors that 
did not develop through the serrated neoplasia pathway.

In both sexes, no heterogeneity was observed in associations 
between CRC tumors that did or did not develop through the 
traditional adenoma–carcinoma pathway, or between tumors 
that did or did not develop through the serrated neoplasia 
pathway.

Discussion
After 20.3 years of follow-up, we observed significant inverse as-
sociations between total nut, peanut and peanut butter intake 
and rectal cancer risk in women in restricted cubic spline ana-
lyses, and the non-linearity tests were significant for total nut 
and peanut intake. In men, the inverse non-linear relations be-
tween total nut and peanut intake and rectal cancer risk were 
borderline significant. However, in categorical and continuous 
analyses, no significant associations between nut (subtypes) 
and peanut butter intake and the risk of CRC or its anatom-
ical subtypes were found in men and women. In the analyses 
of molecular CRC subtypes after 7.3 years of follow-up, peanut 
butter intake was associated with an increased risk of CRC that 
did not develop through the serrated neoplasia pathway in men 
in continuous analyses, but this was not significantly different 
from the associations with tumors characterized by the serrated 
neoplasia pathway. Nut and peanut butter intake were not sig-
nificantly associated with other molecular CRC subtypes in 
both sexes.

http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa080#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa080#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa080#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa080#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa080#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa080#supplementary-data
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Table 3. Multivariable-adjusted HRs and 95% CI for the relation between nut and peanut butter intake and the risk of molecular  
subtypes of CRC in men; NLCS, 1986–1993, excluding the first 2.3 years of follow-up

Total nuts (g/day) Tree nuts (g/day) Peanuts (g/day) Peanut butter (g/day)

0.0 0.1–<5/0.1+ 5–<10/5+ 10+

P-trend/FDR-
adjusted 
P-trendb

Per 5 g/day 
increment 0.0 0.1+

P-trend/FDR- 
adjusted  
P-trendb

Per 5 g/day  
increment 0.0 0.1–<5/0.1+ 5+

P-trend/FDR- 
adjusted  
P-trendb

Per 5 g/day  
increment 0.0 0.1–<5/0.1+ 5+

P-trend/FDR-
adjusted  
P-trendb

Per 5 g/day 
increment

Person-years in 
subcohort

2592 2767/5897 1115/3129 2014   6175 2314   2913 3001/5576 2575   6082 1458/2407 949   

Total CRC
 N cases 115 103 39 55   240 72   124 114 74   226 41 45   
 HRa 1 0.93 0.90 0.65 0.060/ 0.97 1 0.84 0.236/ 0.91 1 1.02 0.76 0.072/ 0.98 1 0.83 1.44 0.057/ 1.14
 95% CI ref 0.69–1.27 0.59–1.37 0.45–0.95 0.352 0.92–1.03 ref 0.62–1.12 0.528 0.71–1.17 ref 0.76–1.37 0.54–1.06 0.352 0.92–1.04 ref 0.57–1.19 0.99–2.09 0.352 1.02–1.29
APC wild-type
 N cases 73 68 61    154 48   77 76 49   142 31 29   
 HRa 1 1.01 0.79  0.169/ 0.99 1 0.88 0.481/ 0.92 1 1.15 0.84 0.264/ 1.00 1 0.99 1.48 0.090/ 1.12 
 95% CI ref 0.70–1.46 0.53–1.16  0.487 0.93–1.06 ref 0.62–1.25 0.705 0.71–1.20 ref 0.81–1.63 0.56–1.27 0.528 0.93–1.07 ref 0.65–1.52 0.94–2.33 0.396 0.97–1.30
Truncating APC mutation
 N cases 42 35 33    86 24   47 38 25   84 10 16   
 HRa 1 0.81 0.67  0.169/ 0.93 1 0.76 0.269/ 0.89 1 0.83 0.62 0.113/ 0.93 1 0.55 1.36 0.290/ 1.18
 95% CI ref 0.50–1.31 0.40–1.13  0.487 0.83–1.04 ref 0.47–1.23 0.528 0.54–1.47 ref 0.52–1.32 0.36–1.09 0.440 0.82–1.05 ref 0.28–1.07 0.76–2.42 0.532 0.99–1.40
 P-hetero-geneity      0.922    0.681     0.724     0.319
KRAS wild-type
 N cases 78 72 28 32   158 52   83 80 47   147 31 32   
 HRa 1 0.94 0.95 0.54 0.043/ 0.94 1 0.90 0.549/ 0.92 1 1.05 0.70 0.054/ 0.94 1 0.95 1.55 0.047/ 1.15
 95% CI ref 0.66–1.34 0.58–1.54 0.34–0.87 0.352 0.87–1.02 ref 0.64–1.27 0.724 0.69–1.22 ref 0.75–1.48 0.47–1.06 0.352 0.87–1.02 ref 0.62–1.45 1.00–2.40 0.352 1.01–1.32
Activating KRAS mutation
 N cases 37 31 11 23   82 20   41 34 27   79 10 13   
 HRa 1 0.92 0.81 0.91 0.630/ 1.02 1 0.71 0.179/ 0.89 1 0.95 0.87 0.642/ 1.03 1 0.59 1.21 0.557/ 1.12
 95% CI ref 0.55–1.55 0.39–1.66 0.51–1.62 0.724 0.94–1.11 ref 0.43–1.17 0.487 0.57–1.39 ref 0.58–1.56 0.51–1.51 0.724 0.95–1.12 ref 0.30–1.17 0.65–2.25 0.724 0.90–1.40
 P-hetero-geneity      0.466    0.323     0.613     0.386
No p53 over-expression
 N cases 45 44 19 20   98 30   50 49 29   96 16 16   
 HRa 1 1.05 1.12 0.60 0.276/ 0.94 1 0.89 0.605/ 0.89 1 1.11 0.72 0.149/ 0.94 1 0.78 1.18 0.570/ 1.01
 95% CI ref 0.67–1.63 0.62–2.04 0.33–1.10 0.528 0.85–1.03 ref 0.58–1.38 0.724 0.60–1.32 ref 0.73–1.68 0.43–1.22 0.487 0.84–1.04 ref 0.44–1.36 0.66–2.09 0.724 0.80–1.27
p53 over-expression
 N cases 68 58 20 34   138 42   72 64 44   129 23 28   
 HRa 1 0.87 0.78 0.69 0.120/ 1.00 1 0.83 0.323/ 0.93 1 0.97 0.79 0.239/ 1.00 1 0.80 1.59 0.045/ 1.21
 95% CI ref 0.59–1.28 0.46–1.35 0.44–1.10 0.440 0.93–1.07 ref 0.57–1.20 0.547 0.70–1.25 ref 0.67–1.42 0.51–1.20 0.528 0.93–1.08 ref 0.50–1.29 1.01–2.52 0.352 1.06–1.38
 P-hetero-geneity      0.669    0.985     0.871     0.746
BRAF wild-type
 N cases 94 82 75    195 56   102 90 59   182 69    
 HRa 1 0.90 0.71  0.056/ 0.97 1 0.80 0.188/ 0.93 1 0.97 0.72 0.070/ 0.98 1 1.07  0.668/ 1.20
 95% CI ref 0.65–1.26 0.50–1.01  0.352 0.91–1.04 ref 0.57–1.12 0.487 0.71–1.21 ref 0.71–1.33 0.50–1.05 0.352 0.91–1.05 ref 0.79–1.46  0.724 1.06–1.35
BRAF mutation
 N cases 13 17 14    30 14   14 20 10   34 10    
 HRa 1 1.42 0.98  0.677/ 0.93 1 1.24 0.501/ 0.97 1 1.62 0.89 0.446/ 0.92 1 0.76  0.468/ 0.81
 95% CI ref 0.65–3.09 0.43–2.26  0.724 0.83–1.04 ref 0.67–2.30 0.711 0.63–1.51 ref 0.76–3.47 0.37–2.13 0.701 0.81–1.05 ref 0.37–1.58  0.705 0.48–1.38
 P-hetero-geneity      0.573    0.156     0.455     0.513
MSS
 N cases 88 155     187 56   95 148    182 61    
 HRa 1 0.86   0.312/ 0.97 1 0.82 0.242/ 0.86 1 0.93  0.611/ 0.98 1 0.95  0.735/ 1.17
 95% CI ref 0.64–1.16   0.547 0.91–1.04 ref 0.59–1.14 0.528 0.64–1.17 ref 0.69–1.25  0.724 0.92–1.05 ref 0.69–1.30  0.752 1.03–1.34
MSI
 N cases 12 18     22 8   13 17    20 10    
 HRa 1 0.79   0.594/ 0.96 1 1.07 0.879/ 1.23 1 0.84  0.691/ 0.90 1 1.37  0.405/ 1.02
 95% CI ref 0.34–1.87   0.724 0.77–1.19 ref 0.45–2.51 0.879 0.93–1.63 ref 0.36–1.96  0.723 0.67–1.21 ref 0.65–2.89  0.660 0.74–1.40
 P-hetero-geneity      0.691    0.689     0.671     0.377

aAdjusted for age (years; continuous), cigarette smoking [status (never/former/current), frequency (n/day; continuous, centered) and duration (years; continuous,  

centered)], BMI (kg/m2; continuous), non-occupational physical activity (≤30/>30–≤60/>60–≤90/>90 min/day), educational level (low/medium/high), family history of  

CRC (no/yes), total energy intake (kcal/day; continuous) and alcohol consumption (g/day; continuous).
bFDR-adjusted P-trends are calculated with adjustment for 44 tests.
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Table 3. Multivariable-adjusted HRs and 95% CI for the relation between nut and peanut butter intake and the risk of molecular  
subtypes of CRC in men; NLCS, 1986–1993, excluding the first 2.3 years of follow-up

Total nuts (g/day) Tree nuts (g/day) Peanuts (g/day) Peanut butter (g/day)

0.0 0.1–<5/0.1+ 5–<10/5+ 10+

P-trend/FDR-
adjusted 
P-trendb

Per 5 g/day 
increment 0.0 0.1+

P-trend/FDR- 
adjusted  
P-trendb

Per 5 g/day  
increment 0.0 0.1–<5/0.1+ 5+

P-trend/FDR- 
adjusted  
P-trendb

Per 5 g/day  
increment 0.0 0.1–<5/0.1+ 5+

P-trend/FDR-
adjusted  
P-trendb

Per 5 g/day 
increment

Person-years in 
subcohort

2592 2767/5897 1115/3129 2014   6175 2314   2913 3001/5576 2575   6082 1458/2407 949   

Total CRC
 N cases 115 103 39 55   240 72   124 114 74   226 41 45   
 HRa 1 0.93 0.90 0.65 0.060/ 0.97 1 0.84 0.236/ 0.91 1 1.02 0.76 0.072/ 0.98 1 0.83 1.44 0.057/ 1.14
 95% CI ref 0.69–1.27 0.59–1.37 0.45–0.95 0.352 0.92–1.03 ref 0.62–1.12 0.528 0.71–1.17 ref 0.76–1.37 0.54–1.06 0.352 0.92–1.04 ref 0.57–1.19 0.99–2.09 0.352 1.02–1.29
APC wild-type
 N cases 73 68 61    154 48   77 76 49   142 31 29   
 HRa 1 1.01 0.79  0.169/ 0.99 1 0.88 0.481/ 0.92 1 1.15 0.84 0.264/ 1.00 1 0.99 1.48 0.090/ 1.12 
 95% CI ref 0.70–1.46 0.53–1.16  0.487 0.93–1.06 ref 0.62–1.25 0.705 0.71–1.20 ref 0.81–1.63 0.56–1.27 0.528 0.93–1.07 ref 0.65–1.52 0.94–2.33 0.396 0.97–1.30
Truncating APC mutation
 N cases 42 35 33    86 24   47 38 25   84 10 16   
 HRa 1 0.81 0.67  0.169/ 0.93 1 0.76 0.269/ 0.89 1 0.83 0.62 0.113/ 0.93 1 0.55 1.36 0.290/ 1.18
 95% CI ref 0.50–1.31 0.40–1.13  0.487 0.83–1.04 ref 0.47–1.23 0.528 0.54–1.47 ref 0.52–1.32 0.36–1.09 0.440 0.82–1.05 ref 0.28–1.07 0.76–2.42 0.532 0.99–1.40
 P-hetero-geneity      0.922    0.681     0.724     0.319
KRAS wild-type
 N cases 78 72 28 32   158 52   83 80 47   147 31 32   
 HRa 1 0.94 0.95 0.54 0.043/ 0.94 1 0.90 0.549/ 0.92 1 1.05 0.70 0.054/ 0.94 1 0.95 1.55 0.047/ 1.15
 95% CI ref 0.66–1.34 0.58–1.54 0.34–0.87 0.352 0.87–1.02 ref 0.64–1.27 0.724 0.69–1.22 ref 0.75–1.48 0.47–1.06 0.352 0.87–1.02 ref 0.62–1.45 1.00–2.40 0.352 1.01–1.32
Activating KRAS mutation
 N cases 37 31 11 23   82 20   41 34 27   79 10 13   
 HRa 1 0.92 0.81 0.91 0.630/ 1.02 1 0.71 0.179/ 0.89 1 0.95 0.87 0.642/ 1.03 1 0.59 1.21 0.557/ 1.12
 95% CI ref 0.55–1.55 0.39–1.66 0.51–1.62 0.724 0.94–1.11 ref 0.43–1.17 0.487 0.57–1.39 ref 0.58–1.56 0.51–1.51 0.724 0.95–1.12 ref 0.30–1.17 0.65–2.25 0.724 0.90–1.40
 P-hetero-geneity      0.466    0.323     0.613     0.386
No p53 over-expression
 N cases 45 44 19 20   98 30   50 49 29   96 16 16   
 HRa 1 1.05 1.12 0.60 0.276/ 0.94 1 0.89 0.605/ 0.89 1 1.11 0.72 0.149/ 0.94 1 0.78 1.18 0.570/ 1.01
 95% CI ref 0.67–1.63 0.62–2.04 0.33–1.10 0.528 0.85–1.03 ref 0.58–1.38 0.724 0.60–1.32 ref 0.73–1.68 0.43–1.22 0.487 0.84–1.04 ref 0.44–1.36 0.66–2.09 0.724 0.80–1.27
p53 over-expression
 N cases 68 58 20 34   138 42   72 64 44   129 23 28   
 HRa 1 0.87 0.78 0.69 0.120/ 1.00 1 0.83 0.323/ 0.93 1 0.97 0.79 0.239/ 1.00 1 0.80 1.59 0.045/ 1.21
 95% CI ref 0.59–1.28 0.46–1.35 0.44–1.10 0.440 0.93–1.07 ref 0.57–1.20 0.547 0.70–1.25 ref 0.67–1.42 0.51–1.20 0.528 0.93–1.08 ref 0.50–1.29 1.01–2.52 0.352 1.06–1.38
 P-hetero-geneity      0.669    0.985     0.871     0.746
BRAF wild-type
 N cases 94 82 75    195 56   102 90 59   182 69    
 HRa 1 0.90 0.71  0.056/ 0.97 1 0.80 0.188/ 0.93 1 0.97 0.72 0.070/ 0.98 1 1.07  0.668/ 1.20
 95% CI ref 0.65–1.26 0.50–1.01  0.352 0.91–1.04 ref 0.57–1.12 0.487 0.71–1.21 ref 0.71–1.33 0.50–1.05 0.352 0.91–1.05 ref 0.79–1.46  0.724 1.06–1.35
BRAF mutation
 N cases 13 17 14    30 14   14 20 10   34 10    
 HRa 1 1.42 0.98  0.677/ 0.93 1 1.24 0.501/ 0.97 1 1.62 0.89 0.446/ 0.92 1 0.76  0.468/ 0.81
 95% CI ref 0.65–3.09 0.43–2.26  0.724 0.83–1.04 ref 0.67–2.30 0.711 0.63–1.51 ref 0.76–3.47 0.37–2.13 0.701 0.81–1.05 ref 0.37–1.58  0.705 0.48–1.38
 P-hetero-geneity      0.573    0.156     0.455     0.513
MSS
 N cases 88 155     187 56   95 148    182 61    
 HRa 1 0.86   0.312/ 0.97 1 0.82 0.242/ 0.86 1 0.93  0.611/ 0.98 1 0.95  0.735/ 1.17
 95% CI ref 0.64–1.16   0.547 0.91–1.04 ref 0.59–1.14 0.528 0.64–1.17 ref 0.69–1.25  0.724 0.92–1.05 ref 0.69–1.30  0.752 1.03–1.34
MSI
 N cases 12 18     22 8   13 17    20 10    
 HRa 1 0.79   0.594/ 0.96 1 1.07 0.879/ 1.23 1 0.84  0.691/ 0.90 1 1.37  0.405/ 1.02
 95% CI ref 0.34–1.87   0.724 0.77–1.19 ref 0.45–2.51 0.879 0.93–1.63 ref 0.36–1.96  0.723 0.67–1.21 ref 0.65–2.89  0.660 0.74–1.40
 P-hetero-geneity      0.691    0.689     0.671     0.377

aAdjusted for age (years; continuous), cigarette smoking [status (never/former/current), frequency (n/day; continuous, centered) and duration (years; continuous,  

centered)], BMI (kg/m2; continuous), non-occupational physical activity (≤30/>30–≤60/>60–≤90/>90 min/day), educational level (low/medium/high), family history of  

CRC (no/yes), total energy intake (kcal/day; continuous) and alcohol consumption (g/day; continuous).
bFDR-adjusted P-trends are calculated with adjustment for 44 tests.
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Table 4. Multivariable-adjusted HRs and 95% CI for the relation between nut and peanut butter intake and the risk of molecular  
subtypes of CRC in women; NLCS, 1986–1993, excluding the first 2.3 years of follow-up

Total nuts (g/day) Tree nuts (g/day)

Per 5 g/day 
increment

Peanuts (g/day) Peanut butter (g/day)

0.0 0.1–<5/0.1+ 5+

P-trend/FDR- 
adjusted  
P-trendb

Per 5 g/day 
increment 0.0 0.1+

P-trend/FDR- 
adjusted  
P-trendb 0.0 0.1–<5/0.1+ 5+

P-trend/FDR- 
adjusted  
P-trendb

Per 5 g/day  
increment 0.0 0.1–<5/0.1+ 5+

P-trend/FDR- 
adjusted  
P-trendb

Per 5 g/day 
increment

Person-years in 
subcohort

3641 3295/5443 2149   6378 2706   4287 3360/4797 1437   6643 1599/2441 842   

Total CRC
 N cases 110 104 48   194 68   125 104 33   194 48 20   
 HRa 1 1.15 0.87 0.339/ 0.97 1 0.89 0.487/ 0.95 1 1.19 0.92 0.658/ 0.98 1 1.13 0.95 0.882/ 0.92
 95% CI ref 0.85–1.56 0.59–1.28 0.875 0.86–1.10 ref 0.65–1.22 0.875 0.73–1.23 ref 0.89–1.61 0.60–1.42 0.922 0.86–1.11 ref 0.80–1.60 0.57–1.59 0.970 0.73–1.16
APC wild-type
 N cases 77 68 35   135 45   86 94    129 51    
 HRa 1 1.10 0.94 0.716/ 1.00 1 0.88 0.483/ 0.94 1 1.15  0.397/ 1.02 1 1.28  0.165/ 1.07
 95% CI ref 0.77–1.57 0.60–1.49 0.922 0.87–1.16 ref 0.61–1.27 0.875 0.65–1.35 ref 0.83–1.60  0.875 0.89–1.17 ref 0.90–1.83  0.875 0.85–1.34
Truncating APC mutation
 N cases 33 36 13   59 23   39 43    65 17    
 HRa 1 1.27 0.73 0.238/ 0.91 1 0.94 0.827/ 0.97 1 1.08  0.766/ 0.88 1 0.68  0.187/ 0.44
 95% CI ref 0.76–2.12 0.36–1.46 0.875 0.75–1.12 ref 0.54–1.64 0.958 0.68–1.37 ref 0.66–1.75  0.922 0.68–1.14 ref 0.38–1.21  0.875 0.22–0.90
 P-hetero-geneity     0.630    0.612     0.967     0.193
KRAS wild-type
 N cases 73 70 33   131 45   83 70 23   131 45    
 HRa 1 1.19 0.95 0.672/ 0.94 1 0.91 0.633/ 0.72 1 1.22 1.02 0.987/ 0.97 1 1.07  0.733/ 0.93
 95% CI ref 0.84–1.71 0.60–1.52 0.922 0.82–1.07 ref 0.62–1.34 0.922 0.44–1.17 ref 0.86–1.74 0.61–1.71 0.987 0.85–1.11 ref 0.74–1.55  0.922 0.70–1.24
Activating KRAS mutation
 N cases 37 34 15   63 23   42 34 10   63 23    
 HRa 1 1.07 0.72 0.265/ 1.02 1 0.88 0.588/ 1.08 1 1.15 0.76 0.409/ 0.98 1 1.08  0.775/ 0.88
 95% CI ref 0.65–1.77 0.38–1.39 0.875 0.83–1.24 ref 0.54–1.41 0.922 0.94–1.25 ref 0.69–1.89 0.37–1.56 0.875 0.76–1.27 ref 0.65–1.77  0.922 0.60–1.30
 P-hetero-geneity     0.956    0.837     0.947     0.847
No p53 over-expression
 N cases 40 49 27   78 38   48 49 19   78 28 10   
 HRa 1 1.54 1.33 0.517/ 1.06 1 1.26 0.278/ 1.09 1 1.52 1.35 0.391/ 1.06 1 1.66 1.21 0.499/ 1.04
 95% CI ref 0.98–2.42 0.78–2.27 0.875 0.95–1.20 ref 0.83–1.90 0.875 0.96–1.22 ref 0.98–2.37 0.76–2.41 0.875 0.93–1.21 Ref 1.05–2.64 0.58–2.53 0.875 0.79–1.37
p53 over-expression
 N cases 68 55 21   114 30   75 55 14   115 19 10   
 HRa 1 0.97 0.62 0.084/ 0.82 1 0.67 0.083/ 0.54 1 1.04 0.68 0.209/ 0.86 1 0.75 0.78 0.444/ 0.78
 95% CI ref 0.66–1.42 0.36–1.09 0.875 0.68–1.00 ref 0.43–1.05 0.875 0.25–1.18 ref 0.71–1.51 0.36–1.26 0.875 0.69–1.06 ref 0.45–1.24 0.39–1.56 0.875 0.53–1.14
 P-hetero-geneity     0.069    0.028     0.166     0.063
BRAF wild-type
 N cases 86 77 38   151 50   97 104    150 51    
 HRa 1 1.09 0.88 0.491/ 0.99 1 0.84 0.339/ 0.99 1 1.10  0.562/ 0.99 1 1.02  0.933/ 0.86
 95% CI ref 0.78–1.53 0.57–1.37 0.875 0.87–1.13 ref 0.59–1.20 0.875 0.78–1.25 ref 0.80–1.50  0.916 0.86–1.14 ref 0.72–1.44  0.977 0.66–1.12
BRAF mutation
 N cases 17 23 10   33 17   21 29    37 13    
 HRa 1 1.70 1.20 0.931/ 0.98 1 1.36 0.350/ 0.87 1 1.47  0.222/ 1.00 1 1.20  0.609/ 1.08
 95% CI ref 0.88–3.28 0.53–2.74 0.977 0.79–1.20 ref 0.71–2.60 0.875 0.42–1.83 ref 0.79–2.71  0.875 0.82–1.20 ref 0.60–2.38  0.922 0.63–1.85
 P-hetero-geneity     0.510    0.216     0.436     0.932
MSS
 N cases 88 116    154 50   100 104    154 50    
 HRa 1 0.99  0.974/ 0.99 1 0.81 0.239/ 1.01 1 1.05  0.754/ 0.98 1 0.97  0.853/ 0.91
 95% CI ref 0.73–1.36  0.987 0.86–1.13 ref 0.57–1.15 0.875 0.84–1.22 ref 0.77–1.43  0.922 0.84–1.14 ref 0.68–1.37  0.962 0.70–1.20
MSI
 N cases 13 25    23 15   16 22    27 11    
 HRa 1 1.74  0.136/ 0.87 1 1.96 0.064/ 0.52 1 1.72  0.134/ 0.94 1 1.46  0.326/ 0.85
 95% CI ref 0.84–3.61  0.875 0.67–1.14 ref 0.96–4.01 0.875 0.28–0.95 ref 0.85–3.50  0.875 0.74–1.20 ref 0.69–3.11  0.875 0.52–1.38
 P-hetero-geneity     0.298    0.069     0.431     0.575

aAdjusted for age (years; continuous), cigarette smoking [status (never/former/current), frequency (n/day; continuous, centered) and duration  

(years; continuous, centered)], BMI (kg/m2; continuous), non-occupational physical activity (≤30/>30–≤60/>60–≤90/>90 min/day), educational level (low/medium/high),  

family history of CRC (no/yes), total energy intake (kcal/day; continuous) and alcohol consumption (g/day; continuous).
bFDR-adjusted P-trends are calculated with adjustment for 44 tests.
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Table 4. Multivariable-adjusted HRs and 95% CI for the relation between nut and peanut butter intake and the risk of molecular  
subtypes of CRC in women; NLCS, 1986–1993, excluding the first 2.3 years of follow-up

Total nuts (g/day) Tree nuts (g/day)

Per 5 g/day 
increment

Peanuts (g/day) Peanut butter (g/day)

0.0 0.1–<5/0.1+ 5+

P-trend/FDR- 
adjusted  
P-trendb

Per 5 g/day 
increment 0.0 0.1+

P-trend/FDR- 
adjusted  
P-trendb 0.0 0.1–<5/0.1+ 5+

P-trend/FDR- 
adjusted  
P-trendb

Per 5 g/day  
increment 0.0 0.1–<5/0.1+ 5+

P-trend/FDR- 
adjusted  
P-trendb

Per 5 g/day 
increment

Person-years in 
subcohort

3641 3295/5443 2149   6378 2706   4287 3360/4797 1437   6643 1599/2441 842   

Total CRC
 N cases 110 104 48   194 68   125 104 33   194 48 20   
 HRa 1 1.15 0.87 0.339/ 0.97 1 0.89 0.487/ 0.95 1 1.19 0.92 0.658/ 0.98 1 1.13 0.95 0.882/ 0.92
 95% CI ref 0.85–1.56 0.59–1.28 0.875 0.86–1.10 ref 0.65–1.22 0.875 0.73–1.23 ref 0.89–1.61 0.60–1.42 0.922 0.86–1.11 ref 0.80–1.60 0.57–1.59 0.970 0.73–1.16
APC wild-type
 N cases 77 68 35   135 45   86 94    129 51    
 HRa 1 1.10 0.94 0.716/ 1.00 1 0.88 0.483/ 0.94 1 1.15  0.397/ 1.02 1 1.28  0.165/ 1.07
 95% CI ref 0.77–1.57 0.60–1.49 0.922 0.87–1.16 ref 0.61–1.27 0.875 0.65–1.35 ref 0.83–1.60  0.875 0.89–1.17 ref 0.90–1.83  0.875 0.85–1.34
Truncating APC mutation
 N cases 33 36 13   59 23   39 43    65 17    
 HRa 1 1.27 0.73 0.238/ 0.91 1 0.94 0.827/ 0.97 1 1.08  0.766/ 0.88 1 0.68  0.187/ 0.44
 95% CI ref 0.76–2.12 0.36–1.46 0.875 0.75–1.12 ref 0.54–1.64 0.958 0.68–1.37 ref 0.66–1.75  0.922 0.68–1.14 ref 0.38–1.21  0.875 0.22–0.90
 P-hetero-geneity     0.630    0.612     0.967     0.193
KRAS wild-type
 N cases 73 70 33   131 45   83 70 23   131 45    
 HRa 1 1.19 0.95 0.672/ 0.94 1 0.91 0.633/ 0.72 1 1.22 1.02 0.987/ 0.97 1 1.07  0.733/ 0.93
 95% CI ref 0.84–1.71 0.60–1.52 0.922 0.82–1.07 ref 0.62–1.34 0.922 0.44–1.17 ref 0.86–1.74 0.61–1.71 0.987 0.85–1.11 ref 0.74–1.55  0.922 0.70–1.24
Activating KRAS mutation
 N cases 37 34 15   63 23   42 34 10   63 23    
 HRa 1 1.07 0.72 0.265/ 1.02 1 0.88 0.588/ 1.08 1 1.15 0.76 0.409/ 0.98 1 1.08  0.775/ 0.88
 95% CI ref 0.65–1.77 0.38–1.39 0.875 0.83–1.24 ref 0.54–1.41 0.922 0.94–1.25 ref 0.69–1.89 0.37–1.56 0.875 0.76–1.27 ref 0.65–1.77  0.922 0.60–1.30
 P-hetero-geneity     0.956    0.837     0.947     0.847
No p53 over-expression
 N cases 40 49 27   78 38   48 49 19   78 28 10   
 HRa 1 1.54 1.33 0.517/ 1.06 1 1.26 0.278/ 1.09 1 1.52 1.35 0.391/ 1.06 1 1.66 1.21 0.499/ 1.04
 95% CI ref 0.98–2.42 0.78–2.27 0.875 0.95–1.20 ref 0.83–1.90 0.875 0.96–1.22 ref 0.98–2.37 0.76–2.41 0.875 0.93–1.21 Ref 1.05–2.64 0.58–2.53 0.875 0.79–1.37
p53 over-expression
 N cases 68 55 21   114 30   75 55 14   115 19 10   
 HRa 1 0.97 0.62 0.084/ 0.82 1 0.67 0.083/ 0.54 1 1.04 0.68 0.209/ 0.86 1 0.75 0.78 0.444/ 0.78
 95% CI ref 0.66–1.42 0.36–1.09 0.875 0.68–1.00 ref 0.43–1.05 0.875 0.25–1.18 ref 0.71–1.51 0.36–1.26 0.875 0.69–1.06 ref 0.45–1.24 0.39–1.56 0.875 0.53–1.14
 P-hetero-geneity     0.069    0.028     0.166     0.063
BRAF wild-type
 N cases 86 77 38   151 50   97 104    150 51    
 HRa 1 1.09 0.88 0.491/ 0.99 1 0.84 0.339/ 0.99 1 1.10  0.562/ 0.99 1 1.02  0.933/ 0.86
 95% CI ref 0.78–1.53 0.57–1.37 0.875 0.87–1.13 ref 0.59–1.20 0.875 0.78–1.25 ref 0.80–1.50  0.916 0.86–1.14 ref 0.72–1.44  0.977 0.66–1.12
BRAF mutation
 N cases 17 23 10   33 17   21 29    37 13    
 HRa 1 1.70 1.20 0.931/ 0.98 1 1.36 0.350/ 0.87 1 1.47  0.222/ 1.00 1 1.20  0.609/ 1.08
 95% CI ref 0.88–3.28 0.53–2.74 0.977 0.79–1.20 ref 0.71–2.60 0.875 0.42–1.83 ref 0.79–2.71  0.875 0.82–1.20 ref 0.60–2.38  0.922 0.63–1.85
 P-hetero-geneity     0.510    0.216     0.436     0.932
MSS
 N cases 88 116    154 50   100 104    154 50    
 HRa 1 0.99  0.974/ 0.99 1 0.81 0.239/ 1.01 1 1.05  0.754/ 0.98 1 0.97  0.853/ 0.91
 95% CI ref 0.73–1.36  0.987 0.86–1.13 ref 0.57–1.15 0.875 0.84–1.22 ref 0.77–1.43  0.922 0.84–1.14 ref 0.68–1.37  0.962 0.70–1.20
MSI
 N cases 13 25    23 15   16 22    27 11    
 HRa 1 1.74  0.136/ 0.87 1 1.96 0.064/ 0.52 1 1.72  0.134/ 0.94 1 1.46  0.326/ 0.85
 95% CI ref 0.84–3.61  0.875 0.67–1.14 ref 0.96–4.01 0.875 0.28–0.95 ref 0.85–3.50  0.875 0.74–1.20 ref 0.69–3.11  0.875 0.52–1.38
 P-hetero-geneity     0.298    0.069     0.431     0.575

aAdjusted for age (years; continuous), cigarette smoking [status (never/former/current), frequency (n/day; continuous, centered) and duration  

(years; continuous, centered)], BMI (kg/m2; continuous), non-occupational physical activity (≤30/>30–≤60/>60–≤90/>90 min/day), educational level (low/medium/high),  

family history of CRC (no/yes), total energy intake (kcal/day; continuous) and alcohol consumption (g/day; continuous).
bFDR-adjusted P-trends are calculated with adjustment for 44 tests.



1380 | Carcinogenesis, 2020, Vol. 41, No. 10

Ta
b

le
 5

. 
M

u
lt

iv
ar

ia
bl

e-
ad

ju
st

ed
a  

H
R

s 
an

d
 9

5%
 C

I 
fo

r 
th

e 
re

la
ti

on
 b

et
w

ee
n

 n
u

t 
an

d
 p

ea
n

u
t 

bu
tt

er
 i

n
ta

ke
 a

n
d

 t
h

e 
ri

sk
 o

f 
C

R
C

 d
ev

el
op

ed
 t

h
ro

u
gh

 t
h

e 
tr

ad
it

io
n

al
 a

d
en

om
a-

ca
rc

in
om

a 
p

at
h

w
ay

 (
tr

u
n

-
ca

ti
n

g 
A

PC
 m

u
ta

ti
on

 a
n

d
/o

r 
ac

ti
va

ti
n

g 
K

R
A

S 
m

u
ta

ti
on

 a
n

d
/o

r 
p

53
 o

ve
re

xp
re

ss
io

n
) a

n
d

 t
h

e 
se

rr
at

ed
 n

eo
p

la
si

a 
p

at
h

w
ay

 (B
R

A
F 

m
u

ta
ti

on
 a

n
d

/o
r 

M
SI

); 
N

LC
S,

 1
98

6–
19

93
, e

xc
lu

d
in

g 
th

e 
fi

rs
t 

2.
3 

ye
ar

s 
of

 
fo

ll
ow

-u
p

Su
bc

oh
or

t
Tr

ad
it

io
n

al
 p

at
h

w
ay

N
o 

tr
ad

it
io

n
al

 p
at

h
w

ay
Se

rr
at

ed
 p

at
h

w
ay

N
o 

se
rr

at
ed

 p
at

h
w

ay

Pe
rs

on
-y

ea
rs

N
 c

as
es

H
R

 (9
5%

 C
I)

N
 c

as
es

H
R

 (9
5%

 C
I)

N
 c

as
es

H
R

 (9
5%

 C
I)

N
 c

as
es

H
R

 (9
5%

 C
I)

M
en

To
ta

l n
u

ts
 (g

/d
ay

)
 

0.
0

25
92

95
1 

(r
ef

er
en

ce
)

19
1 

(r
ef

er
en

ce
)

19
1 

(r
ef

er
en

ce
)

81
1 

(r
ef

er
en

ce
)

 
0.

1–
<

5 
27

67
81

0.
87

 (0
.6

3–
1.

22
)

21
1.

24
 (0

.6
6–

2.
32

)
22

1.
25

 (0
.6

4–
2.

45
)

67
0.

87
 (0

.6
1–

1.
25

)
 

5+
31

29
77

0.
73

 (0
.5

1–
1.

03
)

16
0.

81
 (0

.3
9–

1.
67

)
18

0.
88

 (0
.4

3–
1.

80
)

65
0.

72
 (0

.4
9–

1.
05

)
 

P-
tr

en
d

 
 

0.
08

6
 

0.
38

7
 

0.
50

2
 

0.
10

4
 

FD
R

-a
d

ju
st

ed
 P

-t
re

n
d

b
 

 
0.

45
8

 
0.

68
8

 
0.

73
0

 
0.

45
8

 
Pe

r 
5 

g/
d

ay
 in

cr
em

en
t

 
 

0.
97

 (0
.9

1–
1.

04
)

 
0.

98
 (0

.8
7–

1.
11

)
 

0.
96

 (0
.8

6–
1.

08
)

 
0.

96
 (0

.8
9–

1.
04

)
 

P-
h

et
er

og
en

ei
ty

 
 

 
 

0.
72

9
 

 
 

0.
65

2
Tr

ee
 n

u
ts

 (g
/d

ay
)

 
0.

0
61

75
19

5
1 

(r
ef

er
en

ce
)

42
1 

(r
ef

er
en

ce
)

40
1 

(r
ef

er
en

ce
)

16
7

1 
(r

ef
er

en
ce

)
 

0.
1+

23
14

58
0.

82
 (0

.6
0–

1.
13

)
14

0.
98

 (0
.5

1–
1.

89
)

19
1.

31
 (0

.7
6–

2.
25

)
46

0.
76

 (0
.5

3–
1.

09
)

 
P-

tr
en

d
 

 
0.

23
0

 
0.

96
0

 
0.

33
6

 
0.

13
6

 
FD

R
-a

d
ju

st
ed

 P
-t

re
n

d
b

 
 

0.
61

3
 

0.
98

3
 

0.
68

8
 

0.
45

8
 

Pe
r 

5 
g/

d
ay

 in
cr

em
en

t
 

 
0.

93
 (0

.7
2–

1.
20

)
 

0.
85

 (0
.4

7–
1.

53
)

 
1.

09
 (0

.8
2–

1.
46

)
 

0.
89

 (0
.6

6–
1.

21
)

 
P-

h
et

er
og

en
ei

ty
 

 
 

 
0.

74
5

 
 

 
0.

09
3

Pe
an

u
ts

 (g
/d

ay
)

 
0.

0
29

13
10

3
1 

(r
ef

er
en

ce
)

20
1 

(r
ef

er
en

ce
)

20
1 

(r
ef

er
en

ce
)

88
1 

(r
ef

er
en

ce
)

 
0.

1–
<

5/
0.

1+
30

01
/5

57
6

90
0.

95
 (0

.6
9–

1.
31

)
23

1.
39

 (0
.7

6–
2.

57
)

26
1.

49
 (0

.7
8–

2.
86

)
73

0.
92

 (0
.6

5–
1.

30
)

 
5+

25
75

60
0.

73
 (0

.5
0–

1.
06

)
13

0.
87

 (0
.4

1–
1.

85
)

13
0.

83
 (0

.3
9–

1.
79

)
52

0.
74

 (0
.5

0–
1.

11
)

 
P-

tr
en

d
 

 
0.

08
2

 
0.

48
4

 
0.

34
8

 
0.

14
3

 
FD

R
-a

d
ju

st
ed

 P
-t

re
n

d
b

 
 

0.
45

8
 

0.
73

0
 

0.
68

8
 

0.
45

8
 

Pe
r 

5 
g/

d
ay

 in
cr

em
en

t
 

 
0.

97
 (0

.9
1–

1.
05

)
 

0.
99

 (0
.8

8–
1.

12
)

 
0.

95
 (0

.8
3–

1.
08

)
 

0.
97

 (0
.8

9–
1.

05
)

 
P-

h
et

er
og

en
ei

ty
 

 
 

 
0.

73
2

 
 

 
0.

38
3

Pe
an

u
t 

bu
tt

er
 (g

/d
ay

)
 

0.
0

60
82

18
5

1 
(r

ef
er

en
ce

)
40

1 
(r

ef
er

en
ce

)
42

1 
(r

ef
er

en
ce

)
15

8
1 

(r
ef

er
en

ce
)

 
0.

1+
24

07
68

1.
02

 (0
.7

5–
1.

38
)

16
1.

15
 (0

.6
1–

2.
18

)
17

1.
07

 (0
.6

0–
1.

90
)

55
1.

00
 (0

.7
1–

1.
40

)
 

P-
tr

en
d

 
 

0.
91

3
 

0.
66

1
 

0.
82

0
 

0.
98

3
 

FD
R

-a
d

ju
st

ed
 P

-t
re

n
d

b
 

 
0.

98
3

 
0.

88
1

 
0.

98
3

 
0.

98
3

 
Pe

r 
5 

g/
d

ay
 in

cr
em

en
t

 
 

1.
18

 (1
.0

4–
1.

33
)

 
0.

85
 (0

.5
7–

1.
26

)
 

0.
93

 (0
.6

7–
1.

27
)

 
1.

22
 (1

.0
7–

1.
38

)*
 

P-
h

et
er

og
en

ei
ty

 
 

 
 

0.
80

5
 

 
 

0.
65

4
W

om
en

To
ta

l n
u

ts
 (g

/d
ay

)
 

0.
0

36
41

86
1 

(r
ef

er
en

ce
)

24
1 

(r
ef

er
en

ce
)

23
1 

(r
ef

er
en

ce
)

78
1 

(r
ef

er
en

ce
)

 
0.

1–
<

5 
32

95
76

1.
05

 (0
.7

5–
1.

47
)

28
1.

55
 (0

.8
7–

2.
78

)
28

1.
55

 (0
.8

7–
2.

78
)

70
1.

09
 (0

.7
7–

1.
56

)
 

5+
21

49
34

0.
76

 (0
.4

8–
1.

18
)

14
1.

31
 (0

.6
3–

2.
73

)
12

1.
03

 (0
.4

9–
2.

16
)

31
0.

82
 (0

.5
1–

1.
31

)
 

P-
tr

en
d

 
 

0.
17

3
 

0.
64

7
 

0.
79

0
 

0.
32

6
 

FD
R

-a
d

ju
st

ed
 P

-t
re

n
d

b
 

 
0.

75
2

 
0.

84
6

 
0.

90
3

 
0.

84
6

 
Pe

r 
5 

g/
d

ay
 in

cr
em

en
t

 
 

0.
98

 (0
.8

5–
1.

13
)

 
0.

93
 (0

.7
7–

1.
12

)
 

0.
95

 (0
.7

9–
1.

15
)

 
0.

98
 (0

.8
4–

1.
15

)
 

P-
h

et
er

og
en

ei
ty

 
 

 
 

0.
55

8
 

 
 

0.
60

0
Tr

ee
 n

u
ts

 (g
/d

ay
)



L.Nieuwenhuis et al. | 1381

Su
bc

oh
or

t
Tr

ad
it

io
n

al
 p

at
h

w
ay

N
o 

tr
ad

it
io

n
al

 p
at

h
w

ay
Se

rr
at

ed
 p

at
h

w
ay

N
o 

se
rr

at
ed

 p
at

h
w

ay

Pe
rs

on
-y

ea
rs

N
 c

as
es

H
R

 (9
5%

 C
I)

N
 c

as
es

H
R

 (9
5%

 C
I)

N
 c

as
es

H
R

 (9
5%

 C
I)

N
 c

as
es

H
R

 (9
5%

 C
I)

 
0.

0
63

78
14

9
1 

(r
ef

er
en

ce
)

45
1 

(r
ef

er
en

ce
)

44
1 

(r
ef

er
en

ce
)

13
2

1 
(r

ef
er

en
ce

)
 

0.
1+

27
06

47
0.

78
 (0

.5
4–

1.
13

)
21

1.
30

 (0
.7

3–
2.

29
)

19
1.

13
 (0

.6
2–

2.
05

)
47

0.
92

 (0
.6

3–
1.

33
)

 
P-

tr
en

d
 

 
0.

18
8

 
0.

37
4

 
0.

68
7

 
0.

65
1

 
FD

R
-a

d
ju

st
ed

 P
-t

re
n

d
b

 
 

0.
75

2
 

0.
84

6
 

0.
84

6
 

0.
84

6
 

Pe
r 

5 
g/

d
ay

 in
cr

em
en

t
 

 
0.

98
 (0

.7
6–

1.
27

)
 

0.
79

 (0
.4

5–
1.

40
)

 
0.

70
 (0

.3
0–

1.
68

)
 

1.
04

 (0
.8

7–
1.

24
)

 
P-

h
et

er
og

en
ei

ty
 

 
 

 
0.

22
2

 
 

 
0.

56
3

Pe
an

u
ts

 (g
/d

ay
)

 
0.

0
42

87
97

1 
(r

ef
er

en
ce

)
28

1 
(r

ef
er

en
ce

)
27

1 
(r

ef
er

en
ce

)
89

1 
(r

ef
er

en
ce

)
 

0.
1–

<
5/

0.
1+

33
60

/4
79

7
99

1.
02

 (0
.7

4–
1.

40
)

38
1.

53
 (0

.8
9–

2.
63

)
26

1.
49

 (0
.8

2–
2.

69
)

71
1.

14
 (0

.8
1–

1.
61

)
 

5+
14

37
 

 
 

 
10

1.
34

 (0
.6

3–
2.

87
)

19
0.

77
 (0

.4
5–

1.
32

)
 

P-
tr

en
d

 
 

0.
91

4
 

0.
12

6
 

0.
50

6
 

0.
31

0
 

FD
R

-a
d

ju
st

ed
 P

-t
re

n
d

b
 

 
0.

97
5

 
0.

75
2

 
0.

84
6

 
0.

84
6

 
Pe

r 
5 

g/
d

ay
 in

cr
em

en
t

 
 

0.
98

 (0
.8

5–
1.

14
)

 
0.

95
 (0

.7
8–

1.
16

)
 

0.
99

 (0
.8

4–
1.

16
)

 
0.

97
 (0

.8
0–

1.
16

)
 

P-
h

et
er

og
en

ei
ty

 
 

 
 

0.
30

0
 

 
 

0.
49

4
Pe

an
u

t 
bu

tt
er

 (g
/d

ay
)

 
0.

0
66

43
14

9
1 

(r
ef

er
en

ce
)

45
1 

(r
ef

er
en

ce
)

47
1 

(r
ef

er
en

ce
)

13
4

1 
(r

ef
er

en
ce

)
 

0.
1+

24
41

47
0.

92
 (0

.6
4–

1.
32

)
21

1.
62

 (0
.9

3–
2.

81
)

16
1.

16
 (0

.6
3–

2.
14

)
45

1.
00

 (0
.6

9–
1.

45
)

 
P-

tr
en

d
 

 
0.

65
5

 
0.

08
7

 
0.

62
3

 
0.

99
0

 
FD

R
-a

d
ju

st
ed

 P
-t

re
n

d
b

 
 

0.
84

6
 

0.
75

2
 

0.
84

6
 

0.
99

0
 

Pe
r 

5 
g/

d
ay

 in
cr

em
en

t
 

 
0.

82
 (0

.6
1–

1.
10

)
 

1.
17

 (0
.8

3–
1.

64
)

 
1.

03
 (0

.6
2–

1.
70

)
 

0.
84

 (0
.6

3–
1.

13
)

 
P-

h
et

er
og

en
ei

ty
 

 
 

 
0.

22
2

 
 

 
0.

96
9

a A
d

ju
st

ed
 f

or
 a

ge
 (y

ea
rs

; c
on

ti
n

u
ou

s)
, c

ig
ar

et
te

 s
m

ok
in

g 
[s

ta
tu

s 
(n

ev
er

/f
or

m
er

/c
u

rr
en

t)
, f

re
q

u
en

cy
 (n

/d
ay

; c
on

ti
n

u
ou

s,
 c

en
te

re
d

) a
n

d
 d

u
ra

ti
on

 (y
ea

rs
; c

on
ti

n
u

ou
s,

 c
en

te
re

d
)]

, B
M

I 
(k

g/
m

2 ;
 c

on
ti

n
u

ou
s)

, n
on

-o
cc

u
p

at
io

n
al

 p
h

ys
ic

al
 a

c-

ti
vi

ty
 (≤

30
/>

30
–≤

60
/>

60
–≤

90
/>

90
 m

in
/d

ay
), 

ed
u

ca
ti

on
al

 le
ve

l (
lo

w
/m

ed
iu

m
/h

ig
h

), 
fa

m
il

y 
h

is
to

ry
 o

f 
C

R
C

 (n
o/

ye
s)

, t
ot

al
 e

n
er

gy
 in

ta
ke

 (k
ca

l/
d

ay
; c

on
ti

n
u

ou
s)

 a
n

d
 a

lc
oh

ol
 c

on
su

m
p

ti
on

 (g
/d

ay
; c

on
ti

n
u

ou
s)

.
b F

D
R

-a
d

ju
st

ed
 P

-t
re

n
d

s 
ar

e 
ca

lc
u

la
te

d
 w

it
h

 a
d

ju
st

m
en

t 
fo

r 
16

 t
es

ts
 p

er
 s

ex
.

*P
 <

 0
.0

5 
af

te
r 

FD
R

 c
or

re
ct

io
n

.

Ta
b

le
 5

. 
C

on
ti

n
u

ed



1382 | Carcinogenesis, 2020, Vol. 41, No. 10

Our results for the anatomical CRC subtypes are partly in 
line with the results of eight previous cohort studies (9–16). In 
five cohort studies, also no significant associations between nut 
intake and colorectal or colon cancer risk were found in men 
and/or women (9,10,12,14,15). In another cohort study, an in-
verse association between peanut product intake and CRC risk 
was observed in women, but not in men (13). Two other cohorts 
found inverse associations between nut intake and (distal) colon 
cancer risk in women (11,16), but not in men (11) or for other 
anatomical CRC subtypes (11,16). No prospective studies have 
been performed on peanut butter intake. The results of eight 
case–control studies were also inconclusive (17–24). Differences 
in study results might be explained by the low case numbers 
in some studies because of short follow-up periods (9,10,12,13). 
Furthermore, few studies investigated rectal cancer (9,11,16–
18,20,23) or nut subtypes (16,17) separately, and some com-
bined intake of nuts with other foods, like legumes or pulses 
(9,18,19,21,22).

In the analyses of the anatomical CRC subtypes, we observed 
no significant associations in continuous analyses, which is 
probably caused by the non-linear character of the relations. 
In restricted cubic spline analyses, which do not assume lin-
earity, we observed significant inverse associations between 
total nut, peanut and peanut butter intake and rectal cancer risk 
in women, and borderline significant inverse associations be-
tween total nut and peanut intake and rectal cancer risk in men. 
The non-linear association between tree nut intake and rectal 
cancer risk in women was not significant, probably because of 
the low tree nut intake.

The significant inverse associations with nut and peanut 
butter intake in women were seen for rectal cancer, but not 
for colon cancer, and the test for heterogeneity by anatomical 
subtype was significant. The colon and rectum have different 
physiologic and biochemical characteristics, and several studies 
have observed that associations with lifestyle factors differ be-
tween these anatomical regions, indicating that these have dis-
tinct etiologies (48,49).

The observed sex differences were also seen in previous ana-
lyses on nut consumption and cancer risk in the NLCS (50). One 
possible explanation might be differences in nut intake. Total 
nut and peanut butter intake were on average higher in men 
than in women in our study. Furthermore, the observed sex dif-
ferences might have a hormonal basis. Phytoestrogens in nuts, 
which are structurally similar to estrogens, have a relatively high 
affinity for estrogen receptor-beta (51). Binding of phytoestro-
gens activates estrogen receptor-beta, thereby promoting apop-
tosis of colorectal cells (51). However, in previous analyses in the 
NLCS, we found no significant associations between nut intake 
and ovarian, endometrial or estrogen receptor-positive breast 
cancer (52,53). Lastly, the bowel transit time and frequency of 
constipation have been reported to be higher in women than in 
men (54). Consequently, fiber in nuts may have a stronger effect 
in women by increasing fecal volume, diluting fecal carcinogens, 
and decreasing the intestinal transit time (7,8).

In the molecular analyses, we observed a positive association 
in continuous analyses in men between peanut butter intake 
and colorectal tumors that did not develop through the serrated 
neoplasia pathway. For tumors that developed through the trad-
itional adenoma–carcinoma pathway, also a positive association 
with peanut butter intake was observed in continuous ana-
lyses in men, although not significant after FDR correction. This 

can be explained by the fact that 74% of the cases with tumors 
arising from the traditional adenoma–carcinoma pathway were 
also defined as tumors that did not develop through the serrated 
neoplasia pathway. Most molecular and anatomical CRC sub-
types were also non-significantly positively associated with 
peanut butter intake, except for tumors with BRAF mutation, 
MSI or without p53 overexpression. The mechanism underlying 
these positive associations is not understood, and requires fur-
ther studies. However, it is known that peanut butter that was 
sold in the Netherlands in 1986 contained more sodium, trans 
fatty acids and vitamin B6, and less niacin than peanuts (5). 
Trans fatty acids have been hypothesized to increase cancer 
risk, although evidence for an association between trans-fatty 
acid intake and CRC risk is limited and inconsistent (55,56).

To our knowledge, no previous studies investigated the rela-
tion between nut and peanut butter intake and the risk of mo-
lecular CRC subtypes. We performed these analyses to account 
for molecular heterogeneity, which might dilute the relations 
between nut and peanut butter intake and overall CRC. However, 
our results should be interpreted cautiously, because it con-
cerns exploratory analyses in which many tests were performed 
within small groups.

Our analyses were performed using baseline FFQ data 
only, although food intake might have changed over time. 
Nevertheless, dietary habits as measured with the FFQ were 
stable for minimally 5 years in a reproducibility study (57), and 
nut intake appeared to be quite constant in a study with re-
peated measurements (58). Moreover, the NLCS consisted of an 
older population at baseline, in which dietary habits were rela-
tively stable. Non-differential misclassification of the exposure 
may have occurred, which potentially attenuated the estimates. 
Moreover, we cannot exclude residual confounding by (un)
measured confounders.

Multiple testing may have resulted in chance findings, es-
pecially in the molecular analyses because of their explorative 
nature, the smaller case numbers and more unstable results. 
Therefore, we applied the FDR-correction in the molecular 
analyses. Because of the short follow-up period of 7.3  years 
in the molecular analyses, the number of CRC cases was low, 
which made it impossible to investigate molecular subtypes of 
colon and rectal cancer separately or different mutation types. 
Moreover, we only looked at functional mutations, which prob-
ably contributed to CRC development. The potential impact of 
non-functional mutations is not yet understood. Consequently, 
our findings need to be interpreted carefully.

The prospective design and the long and complete follow-up 
of the NLCS make selection and information bias unlikely. The 
detailed information on potential confounders allowed us to ex-
tensively control for most known risk factors, although these 
were only measured at baseline and may have changed over time. 
Moreover, we were able to investigate nut subtypes separately.

In conclusion, we observed significant non-linear inverse re-
lations with rectal cancer risk for nut and peanut butter intake 
in women. In men, nut intake might be non-linearly associated 
with a reduced rectal cancer risk, although these associations 
were borderline significant. Peanut butter intake was associated 
with an increased risk of CRC that did not develop through the 
serrated neoplasia pathway in men. However, the results of the 
molecular analyses should be interpreted cautiously, because 
this is the first study investigating the relation between nut in-
take and molecular CRC subtypes, and because many subgroup 



L.Nieuwenhuis et al. | 1383

analyses were performed in small case groups. Therefore, our 
results need to be replicated in larger studies.
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