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Abstract

Animal studies have shown that polyunsaturated fatty acids (PUFASs) have antineoplastic and anti-
inflammatory properties. Results from epidemiologic studies on specific types of PUFAs for lung
cancer risk, however, are inconclusive. We prospectively evaluated the association of specific types
of dietary PUFA intakes and lung cancer risk in two population-based cohort studies, the Shanghai
Women’s Health Study (SWHS) and Shanghai Men’s Health Study (SMHS) with a total of
121,970 study participants (i.e., 65,076 women and 56,894 men). Dietary fatty acid intakes were
derived from data collected at the baseline using validated food frequency questionnaires (FFQSs).
Cox proportional hazards model was performed to assess the association between PUFAs and lung
cancer risk. Total, saturated and monounsaturated fatty acid intakes were not significantly
associated with lung cancer risk. Total PUFAs intake was inversely associated with lung cancer
risk [HRs and respective 95% Cls for quintiles 2 to 5 versus quintile 1: 0.84 (0.71-0.98), 0.97
(0.83-1.13), 0.86 (0.74-1.01) and 0.85 (0.73-1.00), Pyren=0.11]. However, DHA intake was
positively associated with lung cancer risk [HRs and 95% Cls: 1.01 (0.86-1.19), 1.20 (1.03-1.41),
1.21 (1.03-1.42) and 1.24 (1.05-1.47), Pteng=0.001]. The ratio of n-6 PUFAs to n-3 PUFAs (i.e.,
7:1) was inversely associated with lung cancer risk, particularly among never-smokers and
adenocarcinoma patients. Total PUFAs and the ratio between n-6 PUFAs and n-3 PUFAs were
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inversely associated with lung cancer risk. Our current study highlights an important public health
impact of PUFA intakes toward intervention/prevention programs of lung cancer.
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INTRODUCTION

Lung cancer is one of the most common cancers worldwide. In the US, it is estimated that in
2016, there were 224,390 new lung cancer cases (accounts for 14% of all cancer diagnosis)
and 158,080 deaths due to lung cancer (27% of all cancer deaths)!. Cigarette smoking is by
far the most important risk factor for lung cancer, follow by radon exposure. Other risk
factors include secondhand smoke, asbestos exposure, certain metal exposures (i.e.,
chromium, cadmium, arsenic) (review in1) and susceptible genes, including 5p15, 6p21,
15025 (review by Brennan P et al.2), 12243 or 2g224. It is estimated that 10-25% of lung
cancer cases are never-smokers of whom many are women®. In this particular population
(i.e., never-smoking female), hormonal factor might be an important risk factor in addition
to other risk factors such as genetic factor, history of infectious diseases, cooking and
heating fumes, etc. for lung cancer risk®. Cumulative evidence also suggest that dietary
factors may also play important role in lung cancer pathogenesis®.

Polyunsaturated fat acids (PUFAS) have been shown to be important in maintaining cell
functions and homeostasis, including signal transduction, cell growth, differentiation and
viability’. Depending on the position of the first double-bond from the methyl end of the
carbon chain, PUFASs can be divided into two groups: n-6 PUFAs (including linoleic and
arachidonic acids) and n-3 PUFAs (including linolenic, EPA and DHA)®8. Evidence from
studies in animal models or human cell lines shown that n-3 PUFAs have antineoplastic and
anti-inflammatory effects®10. Several studies reported that both n-3 PUFAs (mainly EPA

and DHA\) and n-6 PUFAs (i.e., arachidonic) inhibit growth of human lung cancer
cells811.12,

Recent epidemiologic evidence revealed that fish oil supplementation, a rich source of
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), may be inversely associated
with lung cancer development!3. Proposed possible mechanisms include 1) the
mitochondrial membrane of cancer cells (i.e., effect of elevated hydrostatic pressure and low
temperature on membrane fluidity)14, 2) stimulating polyunsaturated fatty acid (PUFA)
metabolism?®, and 3) inhibiting angiogenesis®. In addition, n-3 PUFASs have anti-
inflammatory effects, a hallmark of cancerl’, via different mechanisms such as: disruption
of lipid raft, activation of the anti-inflammatory transcription factor NR1C3 (i.e., peroxisome
proliferator activated receptor ) and binding to the G protein coupled receptor GPR120,
and alteration of cell membrane phospholipid fatty acid compositionl8. Another important
role of n-3 PUFAs is that they also have anti-estrogenic properties by inhibiting cell growth
in several cancers, such as breast cancer!® or ovarian cancer2?,
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Human data on the role of PUFA intakes and lung cancer risk is inconsistent. A recent study
pooling study with data from 10 cohorts by Yang et al.2! found that high intakes of PUFA
were associated with decreased risk of lung cancer (HRs and respective 95% Cls for
quintiles 2, 3, 4, 5 vs. quintile 1 were 0.96 (0.91-1.00), 0.97 (0.92-1.02), 0.96 (0.91-1.02),
and 0.92 (0.81-0.98); Py.ns=0.02). However, a meta-analysis of eight prospective cohort
studies (2 US cohorts, 2 Japanese cohorts and 4 European cohorts)22 found that high PUFA
intake was not significantly associated with lung cancer risk (RR=0.91, 95%: 0.78-1.06).
Most of prior studies have not specifically evaluated the association of n-6 PUFAs and n-3
PUFAs with lung cancer risk. Also, evaluating individual fatty acid at a time is not sufficient
given the fact that there is a competition between n-6 and n-3 PUFASs as enzyme substrates
and they may have a different role in inflammation?3. Research in breast cancer?4, colorectal
cancer?®:26 or prostate cancer?’ found that the ratio of n-6 PUFASs to n-3 PUFAs might be
more informative as aforementioned, yet no study has evaluated this ratio for its association
with lung cancer risk. We, therefore, investigated the association between dietary intakes of
PUFAs and lung cancer, focusing on both individual common PUFAs and the ratio of n-6
PUFAs to n-3 PUFAs in the Shanghai Women’s Health Study (SWHS) and the Shanghai
Men’s Health Study (SMHS), two on-going prospective cohort studies.

METHODS

Study Population

The SWHS and SMHS are two on-going population-based cohort studies conducted in eight
communities of urban Shanghai, China. Detailed information on designs and methods has
been described elsewhere28:29, Briefly, between 1996 and 2000, a total of 74,940 women
aged 40 to 70 years were recruited for the SWHS and between 2002 and 2006, a total of
61,478 men aged 40 to 74 years were recruited for the SMHS. At baseline, an in-person
interview was conducted to collect information on diet habits, disease history, smoking and
alcohol history, occupational history, family cancer history, physical activity and
anthropometric measurements, including weight, height, and circumferences. For SWHS,
additional information on reproductive history and hormone use was collected. The overall
participation rate was 92.7% in SWHS and 74.1% in SMHS. Participants in both cohorts
provided written informed consent, and the Institutional Review Boards of all participating
institutions approved the study protocols.

For the current analysis, we excluded the first two years of follow-up observation and
subjects developed cancer or lost to follow-up within 2-years (7=883 in SWHS and 1,094 in
SMHS) to minimize the influence of preclinical conditions at baseline on dietary intake. We
excluded women who reported ever smoking (/7=2,070) in SWHS because the low smoking
rate precluded an informative analysis. We further excluded participants who reported any
prior history of cancer, missing data of any cancer diagnosis or non-lung incident cancer
(m7=6,813 in SWHS and 3,420 in SMHS) and those who reported extreme total energy intake
[i.e., outside the range of 500-3,500 Kcal/day in SWHS (77=98) in SWHS and
>4,000Kcal/day (7=70) in SMHS]. The final sample size for current analysis was 121,970
participants, including 65,076 participants for SWHS and 56,894 participants for SMHS.
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Outcome Assessment

In both cohorts, study participants were followed up by annual record linkage with the
Shanghai Tumor Registry and Shanghai Vital Statistics Registry and in-person surveys every
2 to 4 years. All possible matches from the linkages are checked manually and verified by
home visits. Follow-up for survival status in both cohorts was nearly 100% because of the
extremely low out-migration rate in Shanghai282°, For the current analysis, total incident
cases of lung cases diagnosed, after exclusion of 2 years of observation to December 2014,
was 1,496 (i.e., 714 in SWHS and 782 in SMHS).

Dietary Assessment

Dietary assessment in both cohorts used previously validated semi-quantitative food
frequency questionnaires (FFQs)30:31, The SWHS/SMHS FFQs contain 84-87 food items
and food groups commonly consumed in urban Shanghai. Study participants were asked
how frequently (in 5 categories: daily, weekly, monthly, yearly, or never) they consumed the
food or food group, followed by a question on the amount of food consumed in liangs (1
liang = 50g) per unit of time during the previous 12 months?9:32, Daily nutrient intakes were
then calculated from the FFQs using the nutrient content of each food based on the China
Food Composition Tables33.

Total n-3 PUFAs were calculated by combining 18:3 (linolenic acid), 20:5 (EPA), 22:5
(docosapentaenoic acid-DPA), and 22:6 (docosahexaenoic acid-DHA) fatty acids. Total n-6
PUFAs were calculated by combining 18:2 (linoleic acid) and 20:4 (arachidonic acid) fatty
acids. Total n-3 highly unsaturated fatty acids (HUFAS), fatty acids with 20 or greater carbon
molecules, were calculated by combining EPA, DPA, and DHA. The ratio between total n-6
PUFAs to total n-3 PUFAs was determined by dividing the sum of the reported dietary
intake of linoleic acid and arachidonic acids by the sum of the reported dietary intake of
linolenic acid, EPA, DPA, and DHA.

Statistical Analysis

Means and standard deviations were calculated for continuous variables while counts and
proportions were computed for categorical variables. Cox proportional hazards models were
used to determine the association between dietary fatty acids and lung cancer risk. Dietary
PUFAs were categorized into quintiles based on the overall distribution of nutrient intakes in
individual cohort. These dietary fatty acids and red meat intake were adjusted for energy
intake using residual method34. Covariates included in the multivariable models were age at
entry (continuous scale), smoking status (ever/never-SMHS only), smoking packs-year
(continuous scale-SMHS only), alcohol drinking status (ever/never), physical activity status
(yes/no), vitamin supplemental use (ever/never), BMI (continuous scale), use of hormone
therapy replacement (ever/never-SWHS only), menopausal status (postmenopausal,
premenopausal, or perimenopausal-SWHS only). To test for a linear trend across quintiles of
dietary fatty acids, a continuous variable was created with the values of 0, 1, 2, 3, and 4 for
the 5 quintiles. We further performed stratified analysis by histologic subtypes (i.e.,
squamous cell vs. adenocarcinoma) and smoking status (ever vs. never) in both SWHS and
SMHS.
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Because both red meat and vegetables are sources of n-6 PUFAs and n-3 PUFAs, we
checked our models by including these two variables in our models. To evaluate the impact
of total n-3 PUFA intakes in the main model(s) in presence of n-6 PUFA intake, we added
total n-3 PUFA intakes as another covariate and vice versa (or mutual adjustment of these
two types of PUFAS). Accordingly, for models in which total n-6 PUFA intake was treated
as independent variable, we adjusted for total energy-adjusted n-3 PUFAs (g/day-continuous
scale). Similarly, for models in which total n-3 PUFAs or total n-3 HUFAs was treated as an
independent variable, we also adjusted for total energy-adjusted n-6 PUFA intake (g/day-
continuous scale). The proportional hazards assumption was evaluated using Schoenfeld
residual plots, and no evidence of violation of assumption was found. All statistical analyses
were conducted using SAS, version 9.4 (SAS Institute Inc.). All tests were 2-sided, and P<
0.05 was considered statistically significant.

RESULTS

Table 1 presents the distribution of socio-demographic characteristics and fatty intakes of
study participants in the current analysis. In both cohorts, cases had significant shorter
follow-up time than non-cases (mean+SD in SWHS: 8.3+4.0 years for cases vs. 13.9+1.8
years for non-cases; and SMSH: 4.6+2.6 years for cases vs. 8.4+1.5 years for non-cases;
F£<0.0001 in both cohorts). Lung cancer cases were older than non-cases in both cohorts.
Men who developed cancer were more likely to smoke and drink more and to exercise more
than non-cases. Lung cancer women were more likely to exercise and had post-menopausal
status than non-cases, two factors that are more prevalent in older than young Chinese. In
both sexes, there was no difference between cases and non-cases with regards to vitamin
supplemental use.

Total, saturated and monounsaturated fatty acid intake were not significantly associated with
lung cancer risk. The pattern of association between fatty acids and lung cancer risk in male
cohort analysis was comparable to that in the pooled analysis. In addition, there was an
inverse association between PUFAs and the risk of lung cancer in both cohorts and in female
particularly. The hazard ratios (HRs) and respective 95% Cls for quintiles 2, 3, 4, and 5
compared to quintile 1 were 0.84 (0.71-0.98), 0.97 (0.83-1.13), 0.86 (0.74-1.01), and 0.85
(0.73-1.00), Pspng=0.11-both cohorts and 0.82 (0.65-1.02), 0.94 (0.76-1.18), 0.78
(0.62-0.99) and 0.80 (0.64-1.01), Pyen=0.06-female (Table 2-Figure 1).

On the other hand, we found a positive association between EPA intake and lung cancer risk
in pooled analysis of both cohort [HRs and 95% Cls: 1.01 (0.86-1.18), 1.19 (1.02-1.39), 1.17
(1.00-1.38) and 1.20 (1.02-1.41); Pyn7~0.005 for quintiles 2 to 5 versus quintile 1]. In a
separate analysis by sex (or cohort), no association was observed in neither SWHS nor
SMHS (Tables 2). We also found that DHA intake was positively associated with lung
cancer risk, particularly in female [HRs and 95% Cls: 1.01 (0.86-1.19), 1.20 (1.03-1.41),
1.21 (1.03-1.42), and 1.24 (1.05-1.47), Pten~0.001-both cohorts; 1.02 (0.80-1.28), 1.29
(1.03-1.62), 1.30 (1.03-1.64), 1.21 (0.95-1.54), Py0n~0.02-female; for quintiles 2 to 5
versus quintile 1; respectively] (Tables 2).
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No significant associations between total, saturated and monounsaturated fatty acids and
lung cancer risk were found in stratified analyses by lung cancer types or smoking status
(Table 3). A positive association between EPA intake and lung cancer risk was found among
adenocarcinoma patients and never-smokers [HRs and 95% Cls: 0.96 (0.73-1.20), 1.37
(1.06-1.76), 1.59 (1.24-2.04) and 1.26 (0.96-1.64); Pyen~0.001; and 0.97 (0.78-1.21), 1.30
(1.05-1.60), 1.29 (1.04-1.60) and 1.19 (0.95-1.49); Ptren=0.01, for quintiles 2 to 5 versus
quintile 1; respectively] (Tables 3 and Figure 2). Similar pattern was found in the positive
association between DHA intake and with lung cancer risk adenocarcinoma patients and
never-smokers. The HRs and respective 95% Cls were 0.99 (0.75-1.30), 1.44 (1.12-1.86),
1.58 (1.23-2.04), and 1.36 (1.04-1.77), Pins=0.003; and 1.08 (0.87-1.34), 1.37 (1.11-1.70),
1.37 (1.10-1.71), and 1.34 (1.07-1.68), Py0n=0.0009, for quintiles 2 to 5 versus quintile 1]
(Tables 3 and Figure 2).

We also found an association between total n-3 HUFAs with increased risk of lung cancer
among adenocarcinoma patients and never-smokers [HRs and 95% Cls: 0.84 (0.64-1.11),
1.41 (1.10-1.80), 1.52 (1.19-1.95), and 1.29 (0.99-1.67), Ps~0.00031; and 0.97
(0.78-1.21), 1.31 (1.06-1.62), 1.32 (1.06-1.64), 1.27 (1.02-1.59), Py;,~0.002; for quintiles 2
to 5 versus quintile 1; respectively] (Table 3).

We did not find a significant association between the ratio of n-6 to n-3 PUFAs in SMHS,
however, there appeared an inverse association between this ratio and lung cancer risk in
SWHS in which two quintiles reached significant levels [i.e., HRs and respective 95% Cls
for quintile 3 was 0.79 (0.62-1.00) and for quintile 5 was 0.74 (0.59-0.93)]. This association
was similar in adenocarcinoma patients and was stronger in never smokers (both men and
women). (Table 3—Figure 2). In stratified analysis by smoking status in SMHS, similar
patterns of this association were found (data not shown).

Models that included both red meat and vegetable intakes provided similar results as models
without these two variables (Supplemental Table 1). Also, in the models to evaluate the
impact of total n-3 PUFA intakes in the presence of total n 6 PUFA intakes and vice versa
(or mutual adjustment models), we found similar patterns as models without mutual
adjustments. Additionally, we observed inverse association between lung cancer risk with
PUFAs in males and with linoleic acid in both sexes (Supplemental Table 2).

DISCUSSION

In this analysis of 121,970 study participants (i.e., 65,076 participants of SWHS-714 lung
cancer cases and 56,894 participants of SMHS-782 lung cancer cases), we evaluated the
association between fatty acids intake and lung cancer risk. We found that while total,
saturated and monounsaturated fatty acid intakes were not significantly associated with lung
cancer risk, total PUFAs intake was inversely associated with the lung cancer risk,
particularly in female. No significant associations were found in stratified analyses by lung
cancer types or smoking status. Unexpectedly, we found that high intake of DHA in both
cohorts in general and never-smokers in particularly were associated with increased risk of
lung cancer.
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To our knowledge, our study is the first to show an association between both individual
polyunsaturated fatty acids and the n-6 to n-3 ratio PUFAs and lung cancer risk. Our finding
of an inverse association between PUFAs with lung cancer risk is consistent with the finding
from the recent pooling study?! with data from 10 cohorts, two of which from our two
current cohorts (i.e., SWHS and SMHS), which found that high intakes of PUFA were
associated with decreased risk of lung cancer.

An unexpected finding of our analysis is that DHA intake was associated with increased risk
of lung cancer in Chinese women who are all never-smokers. We also found that EPA was
associated with increased risk of lung cancer in female never-smokers. There were recent
reports that both EPA and DHA, instead of providing protective effect, were associated with
increased risk of cancer, such as prostate cancer in the Selenium and Vitamin E Cancer
Prevention Trial (SELECT)3 or in the Prostate Cancer Prevention Trial (PCPT)38 and
endometrial cancer in the VITamins And Lifestyle Cohort (VITAL)3’. For example, in the
VITAL cohort, Brasky et al.3 reported that women in the highest compared with the lowest
quintile of dietary EPA and DHA intake had an approximately 80% increased risk of
endometrial cancer. Long-chain w-3 PUFA, including EPA and DHA, has been previously
shown to have anti-inflammatory effect such as inhibition of TNF-a and modification of
eicosanoid activity as well as its influence to cell permeability, gene expression or signal
transduction38,

Trombetta et al.8 shown that arachidonic, a major source for n-6 PUFASs, inhibits the growth
of adenocarcinoma cells by increasing percentage of cells in the GO/G1 phase and by
decreasing percentage of cells in S phase. The underlying mechanism might be related to the
mediation of lipid peroxided productions, including PPARa-regulating fatty acid catabolism
and inflammatory process; PPARB-playing an important role in epidermal wound healing
and PPARy-involving in lipid storage, adipocyte differentiation and inflammatory
processes3?. While some studies of animal models have shown that both n-3 PUFAs and n-6
PUFAs inhibit tumor growth of human lung cancer cells®11:12 several other studies shown
that a-linoleic acid (ALA), a precursor molecule for EPA and DHA metabolism, has adverse
biological functions in other cancers. For example, ALA was found to induce MEK1 and
MEKKZ1 gene expression in hepatocellular carcinoma cells, both of which are drivers of cell
proliferation*041. Further studies are, therefore, warranted to better understand the
mechanism underlying our findings.

Another interesting finding is that the ratio of n-6 PUFAS to n-3 PUFAS was inversely
associated with decreased risk of lung cancer in women (i.e., higher ratio, low risk). The
mean ratio of n-6 PUFAs to n-3 PUFAs in our study is 7:1. This ratio was reported to be
16.74:1 in US population2, 15:1 in populations of UK and Northern Europe®3, and 4:1 in
Japanese population®4. It is important to note that in our analysis, linoleic acid was the major
source of total n-6 PUFAs. It is well known that n-6 PUFAs competes to n-3 PUFAs for the
elongation and desaturation enzymes; however, n-3 PUFAs have greater enzyme-substrate
affinities than n-6 PUFAs*>. Prior study has shown that increasing dietary n-3 PUFAs, EPA,
DHA and linolenic acids leads to decreasing the desaturation of linoleic acid, consequently,
the production of arachidonic acid or n-6 PUFAs*6. Changes in n-6 to n-3 PUFAS ratio were
reported to affect the stability and functionality of cell membrane, particularly the ratio of
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cholesterol:phospholipid4’. Once the balance between cholesterol and phospholipid is
altered, cell signaling events such as apoptosis, may be affected8. Since our study is the first
one examining this ratio with the risk of lung cancer, finding a comparable study is not
possible. For this reason, replicative studies in other populations are warranted.

Our study has several strengths. Both SWHS and SMHS are prospective cohort studies, thus
the potential recall biases are avoided. Another strength is that both studies have large
sample size that allows us to detect even a weaker association. The other strengths are the
usage of FFQ and high follow-up rate as well as large sample size for female non-smoking
related lung cancer.

One limitation in our analysis is that there was no direct measurement of fatty acids in
blood. However, several studies found that fatty acid levels in adipose tissue were correlated
with EPA levels (/=0.47;%9), PUFA (r=0.50,49) and trans fatty acids (/=0.51) estimated from
FFQ®0. Another concern is that preclinical conditions at baseline might have influenced
baseline dietary intake; however, as we excluded the first 2 years of follow-up observation,
this limitation was minimized. The other limitation is fish oil, a main source for n-3
FUFASs®1, was not available for analysis. In our cohorts, we did not collect information on
supplemental fish oil intake; however, we did collect fish intake from our food frequency
questionnaire. In the multivariable models that also accounted for fish intake, results were
not materially changed compared with current findings (data not shown).

In summary, we found that there was an inverse association between polyunsaturated fatty
acid with lung cancer risk in Chinese women. The risk of lung cancer is, however,
particularly increased with dietary intake of DHA in Chinese women and those who never
smoked. Dietary EPA intake was also observed to be associated with increased risk of lung
cancer, particularly in never-smokers and adenocarcinoma patients. Total n-3 HUFAs were
associated with increased risk of lung cancer in never-smokers and adenocarcinoma patients
We also found an inverse association between the ratio n-6 to n-3 PUFAs and lung cancer
risk in Chinese women (i.e., higher quintiles), particularly in never-smokers and in
adenocarcinoma patients. Our current study highlights an important public health impact of
polyunsaturated fatty acid intakes toward intervention/prevention programs of lung cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Impact

We found total PUFASs and the ratio between n-6 PUFAs and n-3 PUFAs were inversely
associated with lung cancer risk while DHA or EPA intakes were associated with an
increased risk of lung cancer. Results from this large prospective study highlights an
important public health impact of polyunsaturated fatty acid intakes toward intervention/
prevention programs of lung cancer.
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Figure 1.
Association Between Highest Quintiles of Selected Fatty Acids and Lung Cancer Risk by
Sex
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