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Abstract

Background—Epidemiological evidence on the association between nut consumption and lung 

cancer risk is limited.

Methods—We investigated this relationship in the Environment And Genetics in Lung cancer 

Etiology (EAGLE) study, a population-based case-control study, and the National Institutes of 

Health (NIH) American Association of Retired Persons (AARP) Diet and Health Study, a 

prospective cohort. We identified 2098 lung cases for EAGLE and 18,533 incident cases in AARP. 

Diet was assessed by food frequency questionnaire for both studies. Multivariable odds ratios 

(ORs) and hazards ratio (HRs) and respective 95% confidence intervals (CIs) were calculated 

using unconditional logistic regression and Cox proportional hazards regression for EAGLE and 

AARP, respectively.
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Results—Higher frequency of intake of nut consumption was inversely associated with overall 

lung cancer risk (highest-versus-lowest quintile, OREAGLE=0.74, 95% CI=0.57–0.95; 

HRAARP=0.86, 95% CI=0.81–0.91), regardless of smoking status. Results from the prospective 

cohort showed similar associations across histological subtypes, and a more pronounced benefits 

from nut consumption for those who smoked 1–20 cigarettes/day (OREAGLE=0.61, 95% CI=0.39–

0.95; HRAARP=0.83, 95% CI=0.74–0.94).

Conclusions—Nut consumption was inversely associated with lung cancer in two large 

population-based studies, and associations were independent of cigarette smoking and other 

known risk factors.

Impact—To our knowledge, this is the first study that examined the association between nut 

consumption and lung cancer risk by histologic subtypes and smoking intensity.
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Introduction

Lung cancer is the most common cancer and the leading cause of cancer-related deaths 

worldwide [1]. Cigarette smoking is the established primary risk factor for lung cancer. 

However, other factors, such as dietary intakes, may modify smoking-associated lung cancer 

risk [2].

Nut intake has been associated with lower risk of several chronic diseases, including 

cardiovascular disease [3, 4] and diabetes [5]. There is also a growing body of evidence 

suggesting that nut consumption may be associated inversely with cancer mortality [6–9] 

and incidence [10, 11]. To date, just a few studies have investigated associations between nut 

consumption and lung cancer and have observed evidence for an inverse association [12–

14]. However, these studies had small sample sizes (n. cases range 178 to 342), and as such 

were unable to examine associations with lung cancer histological subtypes or examine 

associations separately in current, former, and never smokers. A recent prospective study (n. 

cases=9272) based on the National Institutes of Health (NIH) American Association of 

Retired Persons (AARP) Diet and Health Study [15] showed that several index-based dietary 

patterns, for which intake of nuts was a component but was not specifically examined in this 

study, were associated with modest reduction of lung cancer risk. The present study focuses 

on nut consumption and its relationship with lung cancer in this cohort.

Here, we investigated the association between nut consumption and lung cancer risk in the 

Environment And Genetics in Lung cancer Etiology (EAGLE), a population-based case-

control study of over 2000 cases and 2000 controls [16], and further validated our findings in 

a large prospective cohort study, the AARP Diet and Health Study [17]. Our large sample 

size allowed us to explore the association with major lung cancer histology subtypes, and by 

stratification of smoking status.
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Materials and Methods

Study population

The EAGLE Study is a large population-based case-control study conducted in the 

Lombardy region of Italy. Details of the study are previously described [16]. Between April 

2002 and February 2005, primary lung cancer cases (n=2098) were identified from 13 

hospitals, which covered approximately 80% of incident lung cancer cases in the catchment 

area, and consists of 216 municipalities, including five cities (Milan, Monza, Brescia, Pavia, 

and Varese) and surrounding towns and villages. Inclusion criteria for both cases and 

controls were Italian nationality between the ages of 35 and 79 years, official residents of the 

municipalities, and no severe disease that could impede participation. Case response rate 

was 86.6%. Approximately 95% of cases were confirmed pathologically or cytologically, 

and the remaining 5% were confirmed based on clinical history and imaging. Detailed 

histologic classification was recorded for all cases. Controls were randomly selected from 

the Lombardy Regional Health Service database, which contains demographic information 

for virtually all Italians from the catchment area, and were frequency-matched to cases based 

on sex, 5-year age group, and area of residence. Family physicians for the potential controls 

were asked to verify the absence of lung cancer history or any advanced diseases that would 

impede participation. At study completion, 2120 controls were enrolled with an overall 

participation rate of 72.4%.

The EAGLE analysis excluded 582 participants (380 cases and 202 controls) who did not 

complete the food frequency questionnaire (FFQ), resulting in a study population of 1721 

cases and 1918 controls. The study protocol was approved by the Institutional Review Board 

of the US National Cancer Institute and the involved institutions in Italy. Informed consent 

was obtained for all subjects prior to study participation.

The AARP Diet and Health Study is a large prospective study of members of AARP, 

formally the American Association of Retired Persons, established in 1995 to 1996. Details 

of the study design have been previously described [17]. AARP members (n=617,119) aged 

50 to 71 years and resided in six US states (California, Florida, Louisiana, New Jersey, 

North Carolina, and Pennsylvania) and two metropolitan areas (Atlanta, GA, and Detroit, 

MI) were mailed a self-administered questionnaire where demographics, health-related 

behaviors, and diet were queried. The study cohort included 566,398 participants who 

satisfactorily completed the baseline questionnaire and provided informed consent. We 

excluded individuals with prevalent cancer except non-melanoma skin cancer (n=52,708), 

proxy respondents (n=14,398), those with missing information on nut consumption and with 

log-transformed total energy intake of more than two interquartile ranges from the median 

(n=3437), and individuals with zero years of follow-up (n=70); 495,785 individuals were 

included in our analysis. This study was approved by the Special Studies Institutional 

Review Board at the National Cancer Institute.

Incident lung cancer cases were identified through linkage with 11 state cancer registry 

databases which included the eight original and three additional states (Arizona, Texas, and 

Nevada) that a number of participants moved during follow-up [18]. Lung cancer cases were 

identified by anatomic site and histologic code of the International Classification of Disease 
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for Oncology (ICD-O, third edition) [19]. As previously described, total lung cancer 

category included carcinoma of the bronchus and lung (ICD 34.0–34.9) [20]. Examined 

histological subtypes included adenocarcinoma, squamous cell carcinoma, and small-cell 

carcinoma.

Exposure assessment

In EAGLE, tobacco exposure was categorized into active smoking (number of cigarettes per 

day averaged over a lifetime, age at initiation/quit, pack-years) and passive smoking (during 

childhood, at workplace, and at home during adulthood). Diet over the year prior to 

diagnosis for the cases and enrollment for the controls (cases were enrolled at diagnosis) 

was collected at baseline via a self-administered 58-item-FFQ specific to this Italian 

population. There was one question on total consumption of nuts (walnuts, hazelnuts, 

almonds, and peanuts), 41 on fruits and vegetables, nine on processed meats, one on pizza, 

and six on other meats and poultry. The FFQ queried frequency of consumption using 11 

possible responses (“never” to “2 or more times per day”) in the year prior to the study. 

Alcoholic beverage consumption was assessed using 3 possible response categories (yes, in 

the past, and never) in the year prior to the study, and 10 possible response categories 

(“never” to “6 or more times per day”) for different age categories. Portion size was not 

queried.

At baseline, participants in the AARP cohort completed a 124-item-FFQ [21] that queried 

typical diet, including consumption of nuts (peanuts, walnuts, seeds, or other nuts) over the 

past year. The food items were constructed based on the method developed by Subar [22] 

with national dietary data from the US Department of Agriculture’s 1994–1996 Continuing 

Survey of Food Intakes by Individuals [23]. Participants answered one question on their 

frequency of nut consumption using 10 categories, ranging from “never” to “2 or more times 

per day,” and 3 categories for portion size.

Statistical analysis

In EAGLE, nut consumption was categorized by sex-specific quintiles based on distribution 

of frequency of consumption from the controls for each sex (Q1–Q5): Q1 (never), Q2 (1–6 

times/year), Q3 (7–11 times/year), Q4 (1–3 times/month), and Q5 (1–5 times/week, and ≥1 

time/day) during the past year. Frequency of nut consumption in AARP was categorized by 

quintiles based on distribution of frequency of consumption from the controls: Q1 (never), 

Q2 (1–6 times/year), Q3 (7–11 times/year), Q4 (1–3 time/month), and Q5 (1–6 times/week, 

and ≥1 time/day) during the past year.

The correlation between nut consumption and selected factors was examined by Pearson 

product-moment correlation coefficients. In EAGLE, odds ratios (ORs) and 95% confidence 

intervals (CIs) within sex-specific quintiles of nut consumption were obtained using logistic 

regression. In AARP, we used Cox proportional hazards regression [24] to estimate hazard 

ratios (HRs) and 95% CIs for nut consumption and total lung cancer, with non-consumers as 

the referent group and person-year as the underlying time metric. Person-years were 

calculated beginning on the date of questionnaire return until cancer diagnosis, movement 

Lee et al. Page 4

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2018 June 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



out of the registry area, loss to follow-up, death, or the end of follow-up (December 31, 

2011), whichever came first.

For EAGLE, models were adjusted for matching variables (age, sex, area of residence) and 

cumulative pack-years of cigarette smoking (continuous and 0 for never-smokers), and for 

AARP, age, sex, and cigarette smoking dose (categorical and 0 for never-smokers), but not 

residence. Both studies also adjusted for body mass index (BMI), education, cigarette 

smoking status, and years since last cigarette smoked for former-smokers (continuous in 

EAGLE, 0 for current-smokers and highest years for never-smokers; categorical in AARP, 0 

for never-smokers, 1 for ≥10 years, 2 for 5–9 years, 3 for 1–4 years, 4 for within last year, 

and 5 for current-smokers). AARP additionally adjusted for energy intake. The analyses 

were further adjusted for selected dietary intakes (fruits, vegetables, red and processed meat, 

and alcohol), which have been hypothesized to be associated with lung cancer [25–27]. 

Variables for family history of lung cancer, previous lung diseases, and passive smoke 

exposures were not included in the final model since they did not substantially alter our 

results.

Subgroup analyses were conducted separately by smoking status (never, former, and 

current), smoking intensity (quintiles based on distribution of cigarettes per day in controls), 

sex, and major histologic subtypes (adenocarcinoma, squamous cell carcinoma, and small 

cell lung cancer). For sensitivity analyses, we conducted an analysis by tertiles of nut 

consumption. We further conducted lag-analyses, by 5 years, and 10 years in AARP.

Analyses in EAGLE were conducted using STATA 9.1 and in the AARP cohort using SAS 

9.3 (SAS Institute, Cary, NC). For all comparisons, p-values were 2-sided and α<0.05 

indicated statistical significance.

Results

In EAGLE, cases (n=1721) and controls (n=1918) were similarly distributed by age, sex and 

BMI (Table 1). Compared with controls, cases were likely to be less educated, more likely to 

be current-smokers, and among ever-smokers, smoked more intensely. Cases had a lower 

average weekly consumption of nuts than controls. Overall, the proportion of participants 

was similarly distributed by smoking status across all categories of nut consumption in both 

cases and controls. In AARP (n=495,785), we identified 18,533 incident lung cancer cases 

during up to 16 years of follow-up (Table 2). A majority of lung cancer cases were 

diagnosed in current (38%) and former (52%) smokers at baseline. In general, cases ate 

more red meat and processed meat, less fruits and vegetables, and drank more alcohol in 

both EAGLE and AARP. Nut consumption was not correlated with any smoking-related 

factors, intakes of fruits and vegetables, red meat, processed meat, or lifetime alcohol 

consumption (Supplementary Table 1).

Table 3 presented results showing that individuals in the highest quintile of frequency of nut 

consumption had a 26% (OREAGLE=0.74, 95% CI=0.57–0.95, p-trend=0.017) and 14% 

(HRAARP=0.86, 95% CI=0.81–0.91, p-trend<0.001) lower risk of developing lung cancer 

compared to those in the lowest quintile of intake. Similar inverse associations were 
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observed in sex-stratified, analyses that examined tertiles of nut consumption 

(Supplementary Tables 2, 3, and 4), and in analyses excluding frequent (2 or more times a 

day) nut consumption. Across several lag-analyses in AARP, similar statistically significant 

inverse associations were observed (Supplementary Tables 5 and 6).

When stratified by smoking status (Table 3), significant inverse associations for nut 

consumption were observed for lung cancer cross all smoking status in AARP 

(HRcurrent=0.88, 95% CI=0.80–0.96, p-trend=0.004; HRformer=0.85, 95% CI=0.79–0.92, p-

trend<0.001; HRnever=0.77, 95% CI=0.62–0.96, p-trend=0.02). Data from EAGLE showed 

significant inverse association for only current-smokers (OREAGLE=0.68, 95% CI=0.47–

1.00, p-trend=0.05) with inverse associations that were not significant for former-smokers 

(OREAGLE=0.81, 95% CI=0.57–1.13, p-trend=0.213) and never-smokers (OREAGLE=0.91, 

95% CI=0.43–1.90, p-trend=0.796), likely because of the small numbers in this category.

When we stratified by smoking intensity, the inverse associations were most pronounced 

among participants who smoked between 1–20 cigarettes/day among (OREAGLE=0.67, 95% 

CI=0.50–0.90, p-trend=0.008; HRAARP=0.84, 95% CI=0.77–0.91, p-trend<0.001). Similar 

analyses within smoking-stratified categories showed that this more pronounced benefit 

from higher nut consumption was driven by the strong inverse associations observed for 

current smokers who smoked 1–20 cigarettes/day (Table 4). A sensitivity analysis excluding 

those with missing smoking information showed similar results.

We observed borderline or significant inverse associations in analyses stratified by histology 

subtypes (Table 5) in AARP (HRadenocarcinoma=0.93, 95% CI=0.85–1.03, p-trend=0.151; 

HRsquamous=0.83, 95% CI=0.72–0.94, p-trend=0.004; and HRsmall-cell =0.76, 95% CI=0.65–

0.90, p-trend=0.002). Conversely, probably due to smaller number of subjects across 

categories in EAGLE, we did not observe similar findings across histology groups in the 

case-control study.

Discussion

In the present study, we observed that higher frequent consumption of nuts was associated 

with a statistically significant (26% in EAGLE and 14% in AARP) reduced risk of lung 

cancer in both a large population-based case-control study from Northern Italy and in a large 

prospective cohort from the US, respectively. The inverse associations between nut 

consumption and lung cancer was independent of smoking characteristics. Moreover, lighter 

smokers (1–20 cigarettes per day) may benefit the most from higher consumption of nuts.

The body of evidence on nut consumption and lung cancer risk is scarce. Of the three 

published studies, two reported estimates and corresponding 95% CI on nut consumption 

and lung cancer risk [13, 14]; the remaining third did not report actual estimate but stated a 

non-significant inverse association was observed [12]. Of the two with reported estimates, 

the older hospital-based case-control study (n-cases=342) did not find an association 

(OR≥weekly+-versus-<weekly=1.15; 95% CI=0.66-2.02) [14]. Analyses from the Continuing 

Observation of Smoking Subjects (COSMOS) screening program (n-case=178) showed a 

non-significant inverse association (ORQ4-VS-Q1=0.76; 95% CI=0.48–1.21) [13]. Both 
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studies had limited power to fully assess the relationship between nut consumption and lung 

cancer risk. Findings from the COSMOS suggested a stronger inverse association for 

increased consumption amongst the studied population of heavy smokers (smoking ≥1 pack/

day). In the present study, when the analyses were restricted to participants who smoked ≥1 

pack/year, we observed a non-significant 9% and a significant 10% reduction in lung cancer 

risk for EAGLE and AARP, respectively.

Although we observed evidence for an association among former and current smokers, 

associations appeared strongest among participants who smoked fewer than 20 cigarettes per 

day. A plausible explanation for this observation is that smokers may be exposed to free 

radicals and cellular damage from oxidative stress caused by cigarette smoke and the 

carcinogenic damage caused by high exposure among heavy smokers may overwhelm the 

potential protective effects derived from nut intake. More prospective studies are needed to 

confirm this finding in light smokers.

Our finding of an inverse association for nut intake for lung cancer risk might be explained 

by the bioactive constituents found in nuts. For example, tree nut extracts were found to be 

protective against oxidative damage [28], although results from animal studies and human 

clinical trials have shown mixed results [29, 30]. Studies on healthy male smokers 

consuming a diet enriched with powdered almonds showed a significant decrease in 

oxidative DNA damage and lipid peroxidation [31, 32]. This suggests nut consumption may 

decrease oxidative stress mediated by tobacco smoking [31].

Several other bioactive constituents of nuts may contribute to the associations observed here. 

Most nuts are high in n-3 polyunsaturated fatty acids (PUFAs) and monounsaturated fatty 

acid (mainly oleic acid, which is more resistant to oxidation than PUFAs) known to have 

beneficial anti-inflammatory properties [4]. Recent studies have further linked inflammation 

to cellular mechanisms and to genomic pathways involved in carcinogenesis [33] with some 

epidemiologic evidence of a protective effect by dietary n-3 PUFAs (derived from fish/fish 

oil) on lung carcinogenesis [34, 35]. Nuts also provide a rich source of phytochemicals 

(polyphenols, phytoestrogens, and flavonoids), which are potent scavengers that may reduce 

oxidative stress and inhibit neutrophils respiratory burst to prevent carcinogenesis [36]. 

Previous studies have looked at polyphenols in relation to lung cancer risk in consumption 

of tea [37], and olive oil [14], and found mixed results. Higher intake of dietary flavonoids 

was associated with significantly reduced risk (17–76%) of lung cancer [38, 39], particularly 

among smokers [38], although some studies did not find an association [40, 41]. Antitumor 

activities by other components naturally found in nuts such as inositol [42], magnesium [43], 

and selenium [44] have also been evaluated, but findings are inconsistent. Emerging 

evidence suggests that phytochemicals and antioxidants may act synergistically to decrease 

oxidative damage [45].

Our study has several strengths, as it includes results from both a large population-based 

retrospective case-control study and a well-characterized prospective cohort. As the EAGLE 

study is more prone to bias due to its case-control study design, the similar results in a 

prospective cohort study validates and strengthen the inverse associations between nut 

consumption and lung cancer risk. It is the largest study to date, permitting analyses that 

Lee et al. Page 7

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2018 June 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



were stratified by histologic subtypes, smoking status, and smoking intensity. Sensitivity 

analyses using lag showed persisted protective associations that further buttress the benefits 

observed for nut consumption and lung cancer.

Our study also has some limitations such as the possibility of recall bias due to the 

retrospective nature inherent in case-control study design in EAGLE. However, it is unlikely 

that our participants would consider nut eating to be a healthy choice, since the study was 

conducted in 2003–2005, when the potential health benefits of nut consumption were not 

widely hypothesized. Moreover, it is reassuring that we observed a similar association in our 

large prospective cohort. Since the FFQ queried about nut consumption at a single point, we 

lack data on the cumulative exposure of nut consumption. Furthermore, information on 

intake of individual type of nuts was not available for analyses. Nevertheless, studies that 

looked at differences between specific nuts [46, 47] suggested that consumption of a mixed 

type of nuts is important for a robust level of antioxidants. In addition, no validation study 

has been conducted to investigate the FFQ’s ability to reflect nuts intake and thus this 

precluded the possibility to estimate measurement error. Nut consumption may be associated 

with aspects of a healthy lifestyle, such as lower exposures to tobacco and alcohol, lower 

BMI, lower intakes of red and processed meat, higher intakes of fruits and vegetables, and 

higher physical activity, but we observed no correlations between these factors and nut 

consumption. We adjusted for all important potential confounders in our analyses; 

nevertheless, we cannot exclude the possibility of residual confounding from smoking and 

dietary intake or additional unmeasured confounding that may affect our results. It is 

possible that changing smoking status could have a more profound effect such as that 

current-smokers may quit smoking during follow-up. Although we are unable to examine 

changing smoking status during follow-up, results from several lag analyses [by 5 years (for 

all smoking status and histologic subtypes) and 10 years (for current and former-smokers, 

and for squamous cell and small cell carcinoma)] in AARP showed that the inverse 

associations between nut consumption and lung cancer risk remained consistent 

(Supplementary Tables 5 and 6). In particular, the results for small cell carcinoma were 

persistent across lag-analyses, suggesting that nut consumption may be more protective in 

this group. Because small cell carcinoma is more associated with smoking-related lung 

cancer,, this observation may provide further evidence to support our hypothesis that 

smokers may benefit from higher nut consumption.

Altogether, the findings of the present study show that nut consumption is inversely related 

to all of the major histological subtypes of lung cancer. The results of this present study add 

to the emerging body of literature that investigates the potential protective effect of nut 

consumption on cancer risk and mortality, which may lead to evidence-based public health 

recommendations in the future. Further studies are needed to confirm these results in 

additional populations and to examine specific types of nuts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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