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Abstract

Background Diet and inflammation have been suggested to be important risk factors for lung cancer. We examined the ability
of the dietary inflammatory index (DII®) to predict lung cancer in the Singapore Chinese Health Study (SCHS). The DII is
a diet quality index based on the literature linking foods and nutrients with inflammatory biomarkers.

Patients and methods Using data from the SCHS for 60,232 participants, including 1851 lung cancer cases, we investigated
the associations of baseline DII scores calculated from a food frequency questionnaire with risk of developing lung cancer
over an average of 17.6 years of follow-up. Hazard ratios (HR) were estimated using Cox regression, adjusting for smoking
status and other risk factors.

Results After excluding cancers diagnosed in the first 2 years of follow-up, the DII was non-significantly associated with
risk of lung cancer (HR g5 = 1.13; 95% CI 0.94-1.35; P-trend = 0.24) after adjusting for age, dialect group, sex, interview
year, education, body mass index, total calorie intake, physical activity and various smoking variables. In stratified analysis,
stronger, statistically significant associations were evident in current smokers (HR 1.44;95% CI 1.11-1.86; P, = 0.03, P
for interaction =0.003) and in male ever-smokers (HRpssq; = 1.37; 95% CI 1.07-1.77; P-trend =0.03).

Conclusion A pro-inflammatory diet, as shown by higher DII scores, is associated with an elevated risk of lung cancer for
subjects with a history of smoking. Public health measures should be adopted to promote consumption of a healthy, anti-
inflammatory diet to reduce the risk of lung cancer, especially in current and former smokers.
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Introduction

Globally, lung cancer is the most commonly diagnosed can-
cer, the most common cause of cancer death for men, and
is the leading cause of cancer death in developed countries
[1]. In Singapore, lung cancer is the second most commonly
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diagnosed cancer in men and the third most common cancer
in women [2]. In both sexes, it is the most common cause
of cancer death [3].

Chronic inflammation—which is characterized by the
continuous presence of inflammatory cytokines in circula-
tion and in the tissues—is known to play a key role in the
development of lung cancer [4]. There have been several
studies reporting positive associations between biomark-
ers of inflammation and lung cancer risk [5, 6]. Within the
screening arm of the Prostate, Lung, Colorectal and Ovarian
Cancer Screening Trial (PLCO), a nested case—control study
found that elevated serum high-sensitivity C-reactive protein
(hs-CRP) was associated with increased risk of incident lung
cancer [5, 6].

Smoking is a well-established risk factor for lung can-
cer [7]. Cigarette smoke has been shown to induce a pro-
inflammatory state, which may contribute to the aetiology
of lung cancer [8, 9]. Apart from smoking, there is growing
evidence that specific dietary components influence both
inflammation [10, 11] and lung cancer [12]. The Mediter-
ranean dietary pattern, which is high in fruits, vegetables,
olive oil, whole grains, and fish, and low in red meat and
butter, with moderate alcohol intake, has been associated
with lower levels of inflammation [13]. By contrast, the
Western-type diet, which is high in red meat, high-fat dairy
products, and refined grains, has been associated with higher
levels of CRP, IL-6 and fibrinogen [14]. A meta-analysis of
37 studies of 20,075 lung cancer cases indicated that intake
of vegetables and fruits may have a protective effect on lung
cancer, the pooled RR were 0.74 (95% CI 0.67, 0.82) for
vegetables and 0.80 (95% CI 0.74, 0.88) for fruits [12]. Pre-
viously, results from the Singapore Chinese Health Study,
showed fried meat intake to be strongly associated with lung
cancer; compared with the lowest tertile of fried meat intake,
the HRs (95% ClIs) for the second and third tertiles were 1.43
(0.98, 2.08) and 1.51 (1.03, 2.22), respectively [15].

The dietary inflammatory index (DII®) is a literature-
derived, population-based dietary index score designed to
assess the inflammatory potential of a given individual’s diet
[16]. The DII was found to predict changes in C-reactive
protein (CRP) in the Seasonal Variation in Blood Choles-
terol Study [17, 18]. Subsequently, the DII has been used
in several studies from around the world to test the effect
of diet-associated inflammation on inflammation markers
such as CRP, interleukin (IL)-6, and tumor necrosis factor
and (TNF)-a-R2 [18-25]. In the Seasonal Variation of Blood
Cholesterol Study, higher DII scores were associated with
higher levels of circulating hs-CRP >3 mg/1 (OR 1.08; 95%
CI 1.01, 1.16, P=0.035 for the 24HR subset; and OR 1.10;
95% CI 1.02, 119, P=0-015 for the 7-Day Dietary Recall)
[18]; in the Women’s Health Initiative, the DII was associ-
ated with four inflammation biomarkers with beta estimates
comparing the highest with lowest DII quintiles as follows:
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interleukin-6: 1.26 (1.15-1.38), P .,q < 0.0001; tumor
necrosis factor alpha receptor 2: 81.43 (19.15-143.71),
P\ eng = 0.004; dichotomized hs-CRP (odds ratio for higher
vs lower hs-CRP): 1.30 (0.97-1.67), P.nq = 0.34; and the
combined inflammatory biomarker score: 0.26 (0.12-0.40),
P eng = 0.0001 [19]. The DII has been associated with vari-
ous cancers, including colorectal [26, 27], pancreatic [28],
hepatocellular [29], and others [30-32]. DII scores in rela-
tion to risk of lung cancer have been examined in Western
populations before [33, 34], but never in an Asian popula-
tion, which has distinct dietary patterns.

Using data from the Singapore Chinese Health Study
(SCHS), we examined the association between the DII and
risk of developing lung cancer. Our working hypothesis is
that increasing inflammatory potential of diet is positively
associated with lung cancer. We further hypothesized that
a pro-inflammatory DII score has a stronger effect on lung
cancer in ever smokers than never smokers because the
former have been shown to be sensitized for inflammatory
response by smoking [35], and smoking has been shown to
be associated with a broad range of alterations in systemic
immune and inflammation marker levels among older, long-
term smokers [8]. Also, higher levels of circulating inflam-
matory markers have been associated with greater risk of
lung cancer among smokers compared to risk estimates
among non-smokers [36]. Additionally, chronic inflamma-
tion is a well-known risk factor for squamous cell cancers
[37] and the DII has been shown to be associated with risk
of several squamous cell cancers of the upper aerodiges-
tive tract including esophageal squamous cell cancer [38,
39], nasopharyngeal cancer [40] and oral cancers [41]. We
hypothesized that DII will be strongly associated with squa-
mous cell cancer of the lung.

Materials and methods
Study population

This analysis is based on the Singapore Chinese Health
Study (SCHS), a population-based cohort study that
enrolled 35,303 Chinese women and 27,954 Chinese men
aged 45-74 years at the time of enrollment between April
1993 and December 1998. The participants were recruited
from among Hokkiens and Cantonese, the two major dia-
lect groups of Chinese in Singapore, who mostly originated
from Fujian and Guangdong provinces in Southern China,
respectively. The Institutional Review Boards at the National
University of Singapore and the University of Pittsburgh
approved the study and informed consent was obtained from
each study participant. Further details of SCHS design have
been published previously [42].
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At recruitment, an in-person interview was conducted at
the home of the subject by a trained interviewer using a
structured questionnaire. The questionnaire requested infor-
mation on demographics, body weight and height, lifetime
use of tobacco (cigarettes and water pipe), current physi-
cal activity, menstrual/reproductive history (women only),
occupational exposure, medical history, and family history
of cancer. Information on current diet was assessed via a
165-item semi-quantitative food frequency questionnaire
(FFQ) that had been validated against a series of 24-h die-
tary recall interviews [42] and selected biomarker studies
[43] conducted on random subsets of cohort participants.
The questionnaire also asked for intake of each dietary sup-
plement with frequency and dosage: vitamins A, C and E,
beta-carotene, calcium, selenium and zinc. Body mass index
was calculated as the current weight in kilograms divided by
the square of height in meters.

Dietary assessment

The FFQ was administered during the baseline interview.
For each of food and fruit items, the respondents were
required to select from eight frequency categories (ranging
from “never or hardly ever” to “two or more times a day”)
and were provided with photographs to choose from three
portion sizes (small, medium and large). Nine frequency
categories (from “never or hardly ever” to “6 or more times
a day”’) without portion size categories were used for non-
alcoholic beverages while 6 frequency categories (the same
as food items) and 4 portion sizes (approximately one drink
per portion) for each of 4 alcoholic beverage types. Subse-
quently, the FFQ had been validated by two 24-h recalls,
one weekday and one weekend, among 810 participants
who were randomly selected from the cohort participants.
Results showed that correlation coefficients for most calorie-
adjusted nutrients ranged from 0.30 to 0.70 [42].

Dietary inflammatory index (DII’)

FFQ-derived dietary data were used to calculate DII scores
for each cohort participant. Briefly, the self-reported intake
for each food parameter included in the DII was linked to a
database that contained estimates of the mean and the stand-
ard deviation for a global reference database representing 11
countries from around the world. A z score for each param-
eter was then computed by subtracting the “standard global
mean” from the amount reported and dividing this value
by the standard deviation. To minimize the effect of “right
skewing”, this value was then converted to a centered (on
zero) proportion (by taking the proportion ranking of the z
score, multiplying by 2 and subtracting 1). The centered pro-
portion score for each food parameter for each subject was
then multiplied by the corresponding food parameter effect

score to obtain a food parameter-specific DII score. All of
the food parameter-specific DII scores were then summed to
create the overall DII score for each subject. SCHS had data
on 36 of the 45 food parameters studied for DII develop-
ment [16]. These included energy, carbohydrate, protein, fat,
alcohol, fibre, cholesterol, saturated fatty acid, mono- and
poly-unsaturated fatty acid, omega 3 fat (eicosapentaenoic
acid, docosahexaenoic acid from fish and other seafood; and
alpha-linolenic acid from grains, cooking oils; and legumes
and soy), omega 6 fat (linoleic acid and arachidonic acid
from cooking fat/oil, grain products and legumes), niacin,
thiamin, riboflavin, vitamin B12,vitamin B6, iron, magne-
sium, zinc, selenium, vitamin A, vitamin C, vitamin E, folic
acid, beta carotene, garlic, onion, caffeine, tea, anthocya-
nidins, flavan-3-ol, flavones, flavonol, flavanone and isofla-
vones. Out of these 36 food parameters, 7 nutrients (zinc,
selenium, vitamin A, C, E, folic acid and beta-carotene)
were derived from both food items and supplements. The
9 missing food parameters were trans-fat, vitamin D, gin-
ger, turmeric, saffron, eugenol, thyme oregano, pepper and
rosemary. Steps involved in calculating the DII score are
described in Fig. 1. In addition, energy-adjusted DII (E-DII)
was calculated wherein all the food parameters were adjusted
for energy using the residual approach [44]. E-DII did not
include total energy intake as a separate component.

Cohort follow-up and case ascertainment

Identification of incident lung cancer cases among cohort
members was accomplished by annual record linkage of
all cohort participants with the database of the population-
based Singapore Cancer Registry (C34 of the International
Classification of Diseases, ICD-0-2). The vital status was
determined by a similar record linkage analysis with the
Singapore Registry of Births and Deaths. To date, only 47
(<0.1%) cohort participants were known to be lost to follow-
up due to migration out of Singapore. As of December 31,
2015, 2,008 cohort participants who were free of cancer at
baseline developed lung cancer.

Statistical analyses

Individuals who had cancer at baseline identified by either
self-report or via linkage with the nationwide Singapore
Cancer Registry (n=1936) were excluded from the analysis.
In addition, to avoid potential impact of non-symptomatic
underlying disease on dietary habit, we excluded 157 lung
cancer cases that occurred within the first 2 years after base-
line interview in our main analysis. Consequently, a total of
60,232 participants, including 1851 lung cancer cases, were
included for this analysis.

DII quintile cut points (Q) were obtained from the entire
eligible sample; the lowest quintile (Q1) being the referent
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Fig. 1 Sequence of steps in cre-
ating the dietary inflammatory
index in the Singapore Chinese
Health study

Review of articles published from 1950 to 2010 resulting in 1943 studies linking a total of 45 food
parameters with inflammatory biomarkers.

increased IL-4 or IL-10),

A score for each food parameter was calculated giving:

+1to each article if the effects were pro-inflammatory (significantly increased IL-1B, IL-6, TNF-a or
CRP, or decreased IL-4 or IL-10),

-1 if the effects were anti-inflammatory (significantly decreased IL-1B, IL-6, TNF-a or CRP, or

0 if the food parameter did not produce any significant change in the inflammatory marker.

The score for each food parameter was weighted according to the study design. The weights were
10 (experimental design), 8 (observational), 7 (case-control), 6 (cross-sectional), 5 (experimental
with animals), 3 (cell culture).

A food parameter-specific overall inflammatory effect score was calculated by substracting the
anti-inflammatory fraction from the pro-inflammatory fraction. This score was corrected if the
total weighted number of articles was <236. In these cases the raw overall inflammatory score is
multiplied by the total weighted number of articles divided by 236.

9 food parameters were not available in
this study.

Z-score and centred-percentiles for each of the 36 food parameters for each participant of this
study were calculated based on the average and standard deviation for each food parameter
obtained from the global database which was created from the consumption of the original 45
food parameters fron 11 countries from around the world.

The centred percentile for each food parameter was multiplied by the the respective ‘overall food
parameter-specific inflammatory effect score’ to obtain the ‘food parameter-specific DIl score’.

each individual.

All of the ‘food parameter-specific DIl scores’ are summed to create the ‘overall DIl score’ for

category. The j” test and the ¢ test were used to compare the
distributions of selected variables across DII quintile groups.

Person-years of follow-up were calculated from the date
of baseline interview to the date of diagnosis of lung cancer,
death, migration, or 31 December 2015, whichever occurred
first. Cox proportional hazard regression modeling was
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employed for calculation of hazard ratios (HRs) and their
corresponding 95% confidence intervals (CIs) were used to
assess the risk of lung cancer associated with higher quin-
tiles of DII scores compared with the lowest quintile. Tests
for linear trends were conducted by treating the quintiles
of DII as an ordinal variable in the Cox model. To test PH
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assumption, a time-varying covariate, an interaction between
DII and the event time was included Cox regression model
and found to be valid. In all analyses, we adjusted for smok-
ing by including covariate terms for average number of
cigarettes smoked per day (never smokers, 1-12, 13-22, or
23+), number of years of smoking (never smokers, 1-19,
20-39, or 40+), and number of years since last smoked for
quitters (< 1, 1-4, 5-19 or 20+). Other potential confound-
ers included in the multivariable Cox proportional hazards
models were age at baseline, sex, dialect group (Hokkiens
or Cantonese), level of education (no formal education, pri-
mary school, secondary or higher education), body mass
index (<20, 20-< 24, 24—< 28, or > 28 kg/mz), physical
activity and total energy intake.

Stratified analyses were carried out by smoking status,
sex and histological subtype. The potential modifying effect
of smoking and sex on the association between DII score
and lung cancer risk was evaluated by including a product
term between DII score and smoking status and/or sex in the
multivariable Cox regression models. We also conducted
sensitivity analysis for the association between DII and
lung cancer risk by including lung cancer cases and associ-
ated person-years of observations occurring within the first
2 years post-enrolment into the cohort. The DII was coded
as ordinal values (1, 2, 3, 4, and 5) of quintile variables
to assess the linear trends of the DII-lung cancer associa-
tion. In addition, parallel analyses were conducted between
E-DII and lung cancer risk. Statistical analyses were carried
out using SAS® software version 9.3 (SAS Institute, Cary,
NC, USA). All P values reported are two sided, and those
values that were less than 0.05 were considered statistically
significant.

Results

Of the 1851 patients diagnosed with lung cancer 2 or more
years after baseline interview, 1599 (86%) were histo-
pathologically confirmed, while the remaining 252 (14%)
were diagnosed based on radiography or computer-assisted
tomography evidence. Among the histopathologically con-
firmed cases, 734 (45.9%) were adenocarcinomas, 336
(21.0%) were squamous cell cancers, 169 (10.6%) were
small cell cancers, and 360 (22.5%) were other cell types.
The mean age (standard deviation) at cancer diagnosis of all
case patients was 72.5 (7.8) years. The median time interval
between baseline interview and lung cancer diagnosis was
12.1 years, ranging from 2 to 22.4 years.

The mean DII score and the corresponding standard
deviation (SD) in this study are 0.57 +2.32. Baseline char-
acteristics of subjects across quintiles of DII are provided
in Table 1. Subjects in the highest quintile (representing the
most pro-inflammatory diet) were older, more likely to be

females, current smokers, non-drinkers, have no formal edu-
cation, lower BMI, fewer number of cigarettes/day, lower
energy intake, lower physical activity and more years of
smoking.

Table 2 shows HRs of lung cancer per quintiles of DII
from the two multivariable model fits: Model 1, with adjust-
ment for age, dialect group, sex, interview year, education,
body mass index, physical activity and total energy intake,
and Model 2, with additional adjustment for number of
cigarettes per day, number of years of smoking and number
of year since quitting smoking for former smokers. Results
from model 1 showed that participants in the highest quintile
of DII had a statistically significant 50% increased risk of
lung cancer compared to those in the lowest quintile (HR
1.50; 95% CI 1.25-1.80, P trend <0.001). Further adjust-
ment for smoking (model 2) attenuated the DII-lung cancer
risk association, which became statistically non-significant
(HR 1.13; 95% CI 0.94-1.35; P trend=0.24). Additional
adjustment with intake of dietary supplements (yes or no)
did not significantly change the results (data not shown).

Table 3 shows multivariable-adjusted HRs of lung cancer
in relation to DII quintile in never, former and current smok-
ers. Among current smokers, the highest quintile of DII was
associated with a statistically significant 44% increased risk
of developing lung cancer compared to their counterparts
in the lowest quintile (HRgs5,5q; = 1.44; 95% CI 1.11-1.86;
P eng = 0.03) whereas no association in former smokers
and a statistically borderline significant inverse association
in never smokers (HRys,so; = 0.74; 95% CI 0.53-1.03; P
trend =0.07) were observed. The interaction between DII
and smoking status (current, former, and never smokers)
on lung cancer risk was statistically significant (P value for
interaction=0.003).

We also conducted analyses for men and women
separately (Table 4). The risk was higher among men
(HRsys01 = 1.29; 95% CI 1.03-1.61; Pyng = 0.06). Fur-
ther stratification by smoking status showed that among men
who are smokers, higher DII scores were strongly associ-
ated with increased risk of lung cancer (HRqs,4q; = 1.37;
95% CI 1.07-1.77; P trend =0.03). However, there was no
statistically significant difference in the DII-lung cancer risk
associations between men and women.

We also conducted analyses by histological subtype of
lung cancer cases (Table 5). The risk estimates for lung
cancer subtypes varied across different DII levels, but there
was no statistically significant association for any of the four
subtype groups of lung cancer examined because of small
numbers of cancer cases in each of the four cancer subtypes.
Significantly elevated HRs for lung squamous cell carci-
noma were associated with quintiles 2, 3 and 4 of DII, but
no significant trend (P trend =0.41). Further stratification
by smoking status did not materially change the associa-
tion between DII score levels and the risk of lung cancer

@ Springer



2760 European Journal of Nutrition (2019) 58:2755-2766

Table 1 Baseline characteristics across quintiles of dietary inflammatory index (DII) among participants in the Singapore Chinese Health Study,
1993-2015

Characteristics DIl P value'
1st quintile 2nd quintile 3rd quintile 4th quintile 5th quintile
Mean age (SD), years 54.8 (7.6) 55.4 (7.7) 55.8 (7.6) 56.4 (7.9) 58.7 (8.2) <0.001
Gender, % <0.001
Male 54.4 49.7 45.1 394 323
Female 45.6 50.3 54.9 60.6 67.7
Highest level of education, % <0.001
No formal education 13.9 19.3 23.9 31.7 46.5
Primary school 42.1 459 46.9 46.6 40.4
Secondary school or higher 44.0 34.8 29.2 21.7 13.1
Mean body mass index (SD), kg/m2 234 (3.3) 23.2(3.3) 23.1 (3.3) 23.0(3.2) 23.0(3.3) <0.001
Smoking status, % <0.001
Never smoker 70.7 69.6 69.7 70.5 68.6
Former smokers 13.1 11.6 10.7 9.5 8.8
Current smokers 16.2 18.8 19.6 20.0 22.6
Mean cigarettes/day (SD)* 18.0 (12.2) 18.0 (11.6) 17.0 (11.1) 17.0 (11.0) 16.2 (11.1) <0.001
Mean years of smoking (SD) # 30.2 (12.2) 31.7 (11.8) 33.0 (11.5) 34.6 (11.2) 35.6 (10.9) <0.001
Alcohol consumption, % <0.001
Non-drinkers 75.3 78.9 81.2 83.8 85.4
< 7 drinks/week 18.2 15.2 14.2 12.3 12.1
> 7 drinks/week 6.5 6.0 4.6 4.0 2.5
Weekly physical activity®, % <0.001
Oh 54.8 62.3 66.6 71.5 79.2
0.5—4 hours 27.3 23.0 20.6 18.1 13.0
>4h 17.9 14.5 12.8 10.4 7.8
Mean total energy intake (SD), Kcal 2184 (658) 1691 (480) 1530 (410) 1376 (359) 1103 (324) <0.001

SD, standard deviation
"Two-sided Ps were based on ¢ test for continuous variables or Chi-square test for categorical variables
#Among former and current smokers only

5Any moderate or vigorous/strenuous activities

Table2 Hazard ratios .Of lung DIl No. of subjects ~ Person-years =~ No. of cases ~ Hazard ratios

cancer and corresponding 95%

confidence intervals (CIs) HR® (95% CI) HR® (95% CI)

according to quintiles of DII,

the Singapore Chinese Health 1st quintile 12,164 198,793 298 1.00 (referent) 1.00 (referent)

Study, 1993-2015 2nd quintile 12,088 194,697 343 1.18 (1.10,1.38)  1.07 (0.91, 1.26)
3rd quintile 12,049 194,083 381 1.31 (1.11,1.54)  1.15(0.97, 1.35)
4th quintile 12,007 190,895 384 1.33 (1.12,1.58)  1.11 (0.94, 1.32)
Sth quintile 11,924 181,620 445 1.50 (1.25,1.80)  1.13 (0.94, 1.35)
P for trend <0.001 0.24

4Adjusted for age, dialect group, sex, interview year, education, body mass index, physical activity and
total energy intake

®Additionally adjusted for number of cigarettes per day, number of years of smoking and number of year
since quitting smoking for former smokers

@ Springer



European Journal of Nutrition (2019) 58:2755-2766

2761

Table 3 DII in relation to lung cancer risk by smoking history, the Singapore Chinese Health Study, 1993-2015

DIl Never smokers Former smokers Current smokers
No. of sub-  No. of cases HR® (95% No. of No. of cases HR? (95% No. of No. of cases HR? (95% CI)
jects CI) subjects CI) subjects
Ist quintile 8600 113 1.00 (refer- 1590 53 1.00 (refer- 1974 132 1.00 (referent)
ent) ent)
2nd quintile 8414 126 1.06 (0.81, 1398 33 0.69 (0.44, 2276 184 1.20 (0.95,
1.37) 1.08) 1.52)
3rd quintile 8403 105 0.83 (0.62, 1292 54 1.20 (0.80, 2354 222 1.39 (1.10,
1.10) 1.81) 1.75)
4th quintile 8467 129 0.96 (0.72, 1138 53 1.27 (0.83, 2402 202 1.19 (0.93,
1.28) 1.95) 1.52)
Sth quintile 8182 108 0.74 (0.53, 1048 47 1.11 (0.69, 2694 290 1.44 (1.11,
1.03) 1.80) 1.86)
P for trend 0.07 0.15 0.030
P forinter-  0.003
action

#Adjusted for age, dialect group, sex, interview year, education, body mass index, physical activity, total energy intake, number of cigarettes per
day, number of years of smoking and number of year since quitting smoking for former smokers

Table 4 DII in relation to lung cancer risk by gender and smoking status, the Singapore Chinese Health Study, 1993-2015

DII No. of subjects No. of cases HR? (95% CI) No. of subjects No. of cases HR? (95% CI)
Men Women

1st quintile 6613 218 1.00 (referent) 5551 80 1.00 (referent)

2nd quintile 6007 251 1.12 (0.93, 1.35) 6081 92 0.96 (0.71, 1.31)

3rd quintile 5430 271 1.24 (1.02, 1.50) 6619 110 0.95 (0.70, 1.29)

4th quintile 4726 238 1.13 (0.92, 1.39) 7281 146 1.03 (0.76, 1.39)

Sth quintile 3848 254 1.29 (1.03, 1.61) 8076 191 0.89 (0.64, 1.23)

P for trend 0.060 0.61

P for interaction 0.13

DIl

No. of subjects
Men/ever smokers

No. of cases

HR® (95% CI)

No. of subjects

Women/ever smokers

No. of cases

HR® (95% CI)

Ist quintile 3265 169 1.00 (referent) 299 16 1.00 (referent)
2nd quintile 3305 208 1.15(0.93, 1.42) 369 9 0.43 (0.19, 0.99)
3rd quintile 3155 241 1.35 (1.09, 1.67) 491 35 1.20 (0.64,2.24)
4th quintile 2941 207 1.17 (0.93, 1.47) 599 48 1.15 (0.62,2.14)
Sth quintile 2614 232 1.37 (1.07, 1.77) 1128 105 1.10 (0.58, 2.09)
P for trend 0.033 0.17
DII No. of subjects No. of cases HR*® (95% CI) No. of subjects No. of cases HR*® (95% CI)
Men/never smokers Women/never smokers
1st quintile 3348 49 1.00 (referent) 5252 64 1.00 (referent)
2nd quintile 2702 43 0.96 (0.62, 1.47) 5712 83 1.12 (0.80, 1.56)
3rd quintile 2275 30 0.75 (0.46, 1.21) 6128 75 0.87 (0.61, 1.24)
4th quintile 1785 31 0.93 (0.56, 1.54) 6682 98 0.99 (0.69, 1.40)
Sth quintile 1234 22 0.84 (0.46, 1.52) 6948 86 0.74 (0.50, 1.11)
P for trend 0.52 0.11
P for interaction 0.69

#Adjusted for age, dialect group, sex, interview year, education, body mass index, physical activity, total energy intake, number of cigarettes per

day, number of years of smoking and number of year since quitting smoking for former smokers wherever necessary
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Table 5 DII in relation to lung cancer risk by histological subtype, the Singapore Chinese Health Study, 1993-2015

DII No. of sub-  No. of cases HR?* (95% No. of cases HR? (95% No. of cases  HR' (95% No. of cases HR' (95% CI)
jects CI) (@) (6]
Adenocarcinoma Squamous cell Small cell Other known subtypes

Ist quintile 12,164 145 1.00 (refer- 37 1.00 (refer- 23 1.00 (refer- 59 1.00 (referent)
ent) ent) ent)

2nd quintile 12,088 149 0.99 (0.78, 71 1.78 (1.18, 26 1.02 (0.57, 75 1.16 (0.81,
1.26) 2.69) 1.82) 1.65)

3rd quintile 12,049 150 0.97 (0.76, 84 2.06 (1.36, 33 1.23(0.69, 62 0.94 (0.64,
1.24) 3.12) 2.19) 1.37)

4th quintile 12,007 149 0.94 (0.73, 73 1.74 (1.12, 34 1.21 (0.66, 70 1.04 (0.70,
1.22) 2.70) 2.19) 1.53)

5th quintile 11,924 141 0.82(0.62, 71 1.51(0.94, 53 1.54(0.83, 94 1.27 (0.85,
1.10) 2.44) 2.87) 1.92)

P for trend 0.18 0.41 0.12 0.42

#Adjusted for age, dialect group, sex, interview year, education, body mass index, physical activity, total energy intake, number of cigarettes per
day, number of years of smoking and number of year since quitting smoking for former smokers wherever necessary

subtypes (data not shown). Parallel analyses for energy-
adjusted DII using the residual model yielded similar results
for overall and subgroups of study participants (Supplemen-
tary Tables 1, 2, 3 and 4).

Discussion

In this prospective study, we did not observe a significant
association between DII and lung cancer risk in the overall
population. However, we did observe that a pro-inflamma-
tory diet, as shown by higher DII scores, was associated
with a statistically significantly elevated risk of lung cancer
among current male smokers, and among men who had a
history of smoking. This finding is consistent with studies
showing that biomarkers of inflammation were prospectively
associated with lung cancer risk [5, 6, 45].

While there have been several studies assessing the asso-
ciation of the DII and incidence and mortality of various
cancer sites, there are only two other studies on lung can-
cer. One was conducted in Italy as part of the Continuous
Observation of Smoking Subjects (COSMOS) study of lung
cancer [34]. The COSMOS cohort members were all heavy
smokers screened annually using CT scanning. Univariate
analysis showed that DII scores were positively associated
with risk of lung cancer development. After adjustment for
age, sex, smoking intensity and duration, years of smoking
cessation and asbestos exposure the HR was only slightly
changed. The Melbourne Collaborative Cohort study in Aus-
tralia reported a statistically significant positive association
between DII score and risk of lung cancer in current smok-
ers [HR 4y = 1.70 (1.02, 2.82); P g = 0.008] [33]. Like
these results, in our study, we observed significant findings
between DII and lung cancer only among current smokers.

@ Springer

The present study was the first prospective investigation for
DII score in relation to risk of developing lung cancer in an
Asian population. Although their dietary and cultural habits
are distinct from those of Italian and Australian populations,
the findings on DII and lung cancer risk are consistent with
those of previous studies, suggesting a potential common
biological mechanism for the observed relation between DII
and lung cancer among smokers. We report higher preva-
lence of current smoking among participants in the highest
quintile of DII and BMI has been shown to be low among
smokers [46], hence this could explain the reason for observ-
ing an inverse trend of BMI across quintiles of DII.

Even though we observed a strong association between
the DII and lung squamous cell cancer, we did not observe
a significant trend. Additionally, we did not observe a sig-
nificant association among women; this could be due to
fewer numbers (8.7%) of Chinese women who ever smoked
cigarettes, resulting in lower statistical power for the present
analysis.

One of the possible mechanisms for this positive asso-
ciation of the DII with lung cancer might be through the
excess production of proto-oncogenic cytokines such as
IL-6, IL-8, platelet-derived growth factor, and vascular
endothelial growth factor in the tumor microenvironment,
which are then responsible for carcinogenic activities like
anti-apoptosis, tumor angiogenesis and metastasis [47].
Hypoxia, a common state in inflamed tissues [48, 49], is
associated with DNA damage, induces tumorigenic factors
[50]. Finally, tissue vasculature is a vital part of its micro-
environment, supplying oxygen, nutrients, and growth fac-
tors to rapidly dividing cells and providing a mechanism for
metastatic spread [51]. Smoking, by itself, is a major risk
factor for lung cancer [52] and it creates a pro-inflammatory
state [53]; hence, as we have observed in this study and in
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the Australian study, the risk for lung cancer among smokers
becomes accentuated when combined with a pro-inflamma-
tory diet. There also is a possibility of residual confound-
ing from smoking on the DII and lung cancer risk, as it
has been shown in previous studies that smokers, especially
male smokers, consume less healthy diets that are rich in
pro-inflammatory components such as sugar and saturated
fat and low in anti-inflammatory components such as veg-
etables and fruits, than non-smokers [54]. In a recent study
conducted in Luxembourg, smoking status was shown to be
inversely associated with overall diet quality as measured
through the Diet Quality Index-International (DQI-I), Rec-
ommendation Compliance Index (RCI), Dietary Approach
to Stop Hypertension (DASH) score, Energy Density Score
(EDS), Dietary Diversity Score (DDS), Recommended Food
Score (RFS), non-Recommended Food Score (non-RFS),
and the DII [55]. We also observed stronger association
between DII scores and lung cancer risk among males. Pre-
viously, it has been shown that women consume healthier
diets rich in fruits and vegetables compared to men [56].
So, there could be other factors that influence development
of lung cancer in women. This needs further exploration.

Another interesting finding from our study is the null
association or suggestion of an inverse association between
DII and lung cancer among never smokers. The exact rea-
son or mechanism for this observation is not clear. Because
there is little information available on the descriptive epi-
demiology of lung cancer in never smokers, there could be
other etiological factors such as exposure to radon, and other
indoor air pollutants and polycyclic aromatic hydrocarbons
that may play an important role in the development of lung
cancer [57, 58] and some level of “inflammation” may coun-
tervail processes involved in lung carcinogenesis [59]. This
aspect must be studied in more detail in future studies.

The DII is different from other dietary indices that have
been used to describe patterns of intake, virtually all of
which fall into three main categories: (1) those derived from
specific dietary prescriptions based on some external stand-
ard (e.g., Healthy Eating Index), which was derived from
the adherence to the US Dietary guidelines [60]; (2) those
derived from findings within particular study populations
(e.g., computing a pattern using principal component analy-
sis [61]); (3) those that link to cultural patterns of dietary
intake (e.g., the Mediterranean diet) [62].

Previous studies have been conducted to examine various
other dietary components, patterns and indices in relation
to lung cancer [63-65]. A recently conducted systematic
review and meta-analyses including eight observational
studies suggested that a healthy dietary pattern character-
ized by a high intake of vegetables, fruits, white meat, fish
and whole-grain bread and a low intake of red meat, fat and
refined grains is associated with a lower lung cancer risk
[63]. Fruits; green leafy vegetables containing high levels of

important nutrients including vitamins A, B1 and B2, flavo-
noids, and zinc; and fish and nuts high in omega-3 fatty acids
are all anti-inflammatory components of DII and, therefore,
help to reduce DII scores [16]. On the other hand, red meat,
high-fat dairy and refined grains are rich in proteins, car-
bohydrates, saturated fats which are the pro-inflammatory
components of the DII. Thus, the consumption of more pro-
inflammatory, less anti-inflammatory dietary components
leads to increased DII score [16], which has been found to
be associated with increased risk of lung cancer [66].

Strengths of this study include minimal loss to follow-up,
presence of a large number of lung cancer cases, and the
ability to control for important potential confounders that
were measured as part of study protocol. The main weak-
nesses relate to the dietary assessment based on a single
FFQ at baseline, which is known to suffer from measure-
ment error; though not differentially related to cancer diag-
nosis because this was a prospective study that also excluded
lung cancer cases diagnosed within 2 years of baseline.
Additionally, it is possible that people could change their
dietary habits over time. However, we would like to note
that previous studies have reported that dietary pattern clas-
sification is moderately stable over long periods of time
during adulthood [67]. However, because the association
was strong for older subjects it should be considered that
both the conditions related to aging and those related to
diet can mutually interact. Although we included 36 of the
45 items for the computation of DII score, the remaining
nine items were rarely consumed in our study population.
However, any error resulting from imprecision would most
likely be nondifferential, thus leading to underestimation of
the association between the DII and lung cancer risk. Other
covariates also were self-reported and may have resulted in
some misclassification and residual confounding. Addition-
ally, the application of an index developed specifically to
determine the inflammatory potential of diet cannot be eas-
ily translated into a different dietary pattern (e.g., including
different foods, ingredients, preparations). However, in the
past, the DII has been shown to be moderately strongly cor-
related with other indices and dietary patterns like Alternate
Healthy Eating Index [68, 69] and Mediterranean Diet Score
[70,71].

In conclusion, our findings support the hypothesis that
consumption of a pro-inflammatory diet as shown by higher
DII scores increases the risk of lung cancer among current
smokers. Public health measures should be adopted to pro-
mote consumption of a healthy, anti-inflammatory diet to
reduce the risk of lung cancer, especially in smokers.
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