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Abstract

Purpose—Components of diet can modulate inflammation and therefore may have an important
role in the development of nasopharyngeal carcinoma (NPC). Little is known about the
inflammatory potential of diet in relation to nasopharyngeal carcinogenesis.

Methods—Data from an Italian multicentre case-control study conducted between 1992 and
2008 and including 198 cases with incident, histologically confirmed NPC, and 594 controls
hospitalized for acute non-neoplastic diseases were used to estimate the relation between a dietary
inflammatory index (DII) and the risk of NPC. The DIl was computed based on the intake of
selected dietary factors assessed by a validated 78-item food frequency questionnaire. Logistic
regression models were used to estimate odds ratios (ORs) adjusted for study centre, place of
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living, sex, age, year of interview, education, tobacco smoking, alcohol drinking, and energy
intake using the residual method.

Results—Subjects with higher DII scores had an increased risk of NPC, with each DII point
increasing risk by nearly 20% (OR=1.19, 95 % confidence interval, Cl, 1.05-1.36). Compared to
subjects in the lowest DI tertile, those in the highest tertile had >60% higher risk of NPC
(OR=1.64; Cl, 1.06-2.55; pireng=0.04).

Conclusion—These results indicate that inflammatory potential of diet plays a role in NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is a rare malignancy, with significant worldwide variation
in incidence [1]. Approximately 80,000 new cases reported per year, accounting 0.7% of all
cancers [2]. The highest rates are observed in the southern part of China, other parts of
South-Eastern Asia, Northern and Southern Africa, and in the Inuit population in Alaska.
Populations living elsewhere in the United States of America and Europe have considerably
lower NPC incidence rates [3,4]. Epstein-Barr virus (EBV) infection and genetic
susceptibility appear to have a major impact in higher incidence populations; however, other
environmental factors such as occupational exposure and tobacco smoke play a role [5,6].

The body mounts an acute inflammatory response to tissue injury or infection in the through
the action of inflammatory stimulants such as cytokines [7,8]. Chronic inflammation is
known to play a key role in the development of various cancers, including NPC [9,10].
Various dietary components, including fatty fish, whole grains, high energy diet and
vitamins, have different effect on inflammation [11-13]. A prudent dietary pattern high in
fish, yogurt, pulse, rice, fruit, vegetables, pasta and wine has been shown to be associated
with lower concentrations of intermediary inflammatory markers [14].

A literature-derived, population-based dietary inflammatory index (DII) was developed to
assess the inflammatory potential of an individual’s diet [13]. A pro-inflammatory diet is
rich in consumption of food items rich in saturated fat, carbohydrate, and poor in the
consumption of poly-unsaturated fatty acids, flavonoids, and other dietary components. The
DIl has been validated with various inflammatory markers, including C-reactive protein
[15,16] and interleukin-6 [17-19] in several longitudinal and cross-sectional studies.
Additionally, the DIl has been associated with glucose intolerance and dyslipidemia
components of the metabolic syndrome [20,21] in two cross-sectional studies,
anthropometric measurements in a cohort study in Spain [22], asthma in a case-control study
in Australia [17], bone mineral density among postmenopausal women in a cross-sectional
study in Iran [23], two colorectal cancer case-control studies in Spain and Italy [24,25] and
in cohort studies in the USA [26,27], and pancreatic and prostate cancers in case-control
studies in Italy [28,29].

We tested the hypothesis that a higher DIl score (indicating a pro-inflammatory diet)
increases the risk of NPC. A multicentre case-control study conducted in Italy [30] provided
original information on a Southern European population in which NPC rates are low; and
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dietary and life-style habits and awareness of diet-related health issues are different from
those in countries where NPC is more common.

Recruitment and questionnaire

A case—control study on NPC was conducted between January 1992 and December 2008
within an established network of centres, including Aviano (Pordenone) and Milan in
northern Italy, and Naples and Catania in southern Italy [31,30]. Cases were 198 European
subjects (157 men, 41 women; median age 52 years, range 18-76 years) admitted to major
teaching and general hospitals in the study areas with incident, histologically confirmed
incident NPC diagnosed within one year before interview, and with no history of cancer at
other sites. These included 137 (68.5%) undifferentiated NPCs (World Health Organization
(WHO) type 3), 23 (11.5%) keratinising squamous cell carcinomas (WHO type 1; here
referred to as differentiated NPCs), and 38 (20%) not otherwise specified NPCs [32]. EBV
status was defined based on the detection of EBV nuclear antigen in tissue samples and was
available for 61 cases only. Of these, 57 undifferentiated NPCs tested positive and to out of
four differentiated NPCs were EBV positive.

The control group included 594 European patients (aged 19-76 years; median age: 52 years)
admitted for a wide spectrum of acute conditions to the same hospitals as cases. Controls
were admitted for trauma (34%), other orthopaedic disorders (32%), acute surgical
conditions (22%), and miscellaneous other illnesses (12%). Controls admitted for malignant
neoplasms, conditions related to tobacco smoking or alcohol consumption, or any other
disorder associated to long-term modification of diet were not eligible for this study. All
study participants signed an informed consent, according to the recommendations of the
Internal Review Boards of each study hospital. Less than 10% of cases and controls refused
to participate. Centrally trained interviewers administered a structured questionnaire to cases
and controls during their hospital stay. The questionnaire included information on socio-
demographic characteristics; anthropometric variables; life-style factors, including diet
(described in more detail below), tobacco and alcohol; a problem-oriented personal medical
history; family history of cancer; and, for women, menstrual and reproductive history.
Controls were selected and interviewed within a year of case selection and interview.

Information on diet during the two years before cancer diagnosis (for cases) or hospital
admission (for controls) was based on a food frequency questionnaire (FFQ) that was
validated for nutrient intake and tested for reproducibility and validity for specific nutrients
and food items [33,34]. Subjects were asked to indicate the average weekly consumption for
the period under investigation. The FFQ consists of 78 foods and food groups, including
some of the most common Italian recipes, and of 5 questions on various types of alcoholic
beverages. Intakes reported at least once a month but less than once a week were coded as
0.5 per week. Dietary supplements were not considered, given their rare consumption in this
population [35]. Other questions on fat-intake pattern, as well as portion size, were used to
modulate the composition of recipes. In particular, a commonly used unit or serving size was
pre-specified for 40 items; whereas for the remainder, portion was defined as small, average
or large, and depicted in figures made available to participants. For a few vegetables and
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fruits, seasonal consumption and the corresponding duration were elicited. To compute
energy and nutrient intakes, an Italian food composition database, as well as information
from additional sources, were used [36]. Losses due to cooking were subtracted from the
computation of the nutrients or food components, when appropriate.

Dietary Inflammatory Index (DII)

Results

FFQ-derived dietary data were used to calculate the DII for each subject. A complete
description of the DIl is available elsewhere [13]. Briefly, dietary data were first linked to a
regionally representative database that provided a robust estimate of the mean and the
standard deviation for each food parameter included in the DII. These parameters then
became the multipliers to express an individual’s exposure relative to the “standard global
mean” as a z-score. This was achieved 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 centred percentile score by doubling and
subtracting 1. The centred percentile score for each food parameter for each subject was then
multiplied by the corresponding food parameter effect score in order to obtain a food
parameter-specific DIl score. All of the food parameter-specific DIl scores were then
summed to create the overall DIl score for each subject. The DIl computed on this study’s
FFQ includes data on 31 of the possible 45 food parameters that comprise the DII:
carbohydrate, protein, fat, alcohol, fiber, cholesterol, saturated fatty acids, monounsaturated
fatty acids, polyunsaturated fatty acids, omega 3, omega 6, niacin, thiamin, riboflavin,
vitamin B6, iron, zinc, vitamin A, vitamin C, vitamin D, vitamin E, folic Acid, B-carotene,
anthocyanidins, flavan-3-ol, flavonol, flavonones, flavones, isoflavones, caffeine, and tea.
The DII has been previously used in this population in four case-control studies [37-40] and
in one cohort study [41]. Steps involved in DII calculation are described in Figure 1.

The DIl was analyzed both as a continuous variable (i.e., a one-unit increment in the DII
corresponds to one standard deviation (DI1=£1.43) in the current study and by sex-specific
tertiles of exposure, determined from controls in this study population. Odds ratios (ORs)
and the corresponding 95% confidence intervals (Cls) of NPC were estimated using logistic
regression models, adjusting only for study centre, sex, age, and calendar year, and
additionally adjusting for education, (<7, 7-11 and =12 years), tobacco smoking (never
smokers, ex smokers, <15 and =15 cigarettes/day current smokers) and alcohol drinking
(<14, 14-27 and =28 drinks/week). Energy adjustment was made using the residual method
in both the models [42]. We also performed analyses across strata of sex, smoking, and
alcohol. Sensitivity analyses were conducted by calculating DI scores without highly
correlated micro and macronutrient. Tests for trend were performed using the median value
within each tertile as an ordinal variable. Statistical analyses were performed using SAS®
9.3 (SAS Institute, Inc.).

Table 1 shows the distribution of NPC cases and controls according to study centre, place of
residence, sex, age, education, tobacco smoking and alcohol drinking habits. By design,
cases and controls had similar distribution by study centre, sex and age. Cases tended to be
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more frequent alcohol drinkers and heavy smokers. The mean DIl score among cases was
0.28 (SD=1.49) and among controls it was —0.09 (SD=1.40), indicating a slightly more pro-
inflammatory diet for cases.

Control characteristics across tertiles of DIl are provided in Table 2. There were some
differences in socio-demographic, and lifestyle habits across DIl tertiles. Compared to
controls in the lowest tertile, subjects in the highest tertile were younger, more frequently
males, current smokers and heavy alcohol drinkers.

ORs and 95% Cls of NPC according to tertiles of DIl and continuous DIl are shown in Table
3. When analyses were carried out using continuous DI, for an increase of 1 standard
deviation DII (=1.43), a significant positive association was observed with NPC risk when
adjusted only for energy and additionally adjusted for study centre, place of living, sex, age,
and calendar year(OR=1.18; 95% CI 1.04-1.34, p-value=0.005). When also adjusted for
education, smoking, alcohol drinking, there was minimal change in the risk estimate
(OR=1.19; 95% CI 1.05-1.36, p-value=0.008). Subjects in the highest DII tertile had 58%
higher risk of NPC compared to subjects in the lowest tertile (95% C1=1.04-2.40; p-
trend=0.01) in the second model, and 64% (95% C1=1.06-2.55; p-trend=0.01) in the third
model.

Table 4 shows the ORs among strata of selected covariates. Risk estimates were consistent
across strata of sex, smoking and alcohol drinking (p for heterogeneity, 0.14, 0.33 and 0.81,
respectively). Servings of fruit, vegetables, fish, soup and poultry significantly decreased
across tertiles of DII, whereas servings of desserts significantly increased (data not shown).

In the sensitivity analyses carried out after excluding strongly correlated micro- and
macronutrients (total fat, total fibre, total protein, saturated fat, omega 3, omega 6, thiamin,
vitamin b6, total folate and zinc) in the DII calculation, no significant change was observed
in the results (Multivariate analyses with DIl continuous: OR=1.22; 95% ClI:1.03-1.45, p-
value=0.02).

Discussion

The results of this study on the relationship between inflammatory potential of diet and NPC
risk show that consuming a more pro-inflammatory diet, as reflected in higher DIl values,
was associated with an increased risk of NPC. Previous results based on these data indicated
an increased consumption of carotenoids, including a-carotene and p-carotene, and yellow-
or red-pigmented vegetables to be protective against NPC [30,43]. In addition, dietary intake
of soluble and insoluble fibers was inversely related to NPC risk [31]. All of these nutrients
and food items contribute to decreased DIl scores [13]. Furthermore, diets rich in animal
products, starch, and fats, which have been reported to increase DIl scores [13], were
positively associated with NPC risk [44].

Increased risks of NPC have been observed for high consumption of preserved meat,
saturated fat, [45] and heavy alcohol drinking [46] in two case-control studies. A systematic
review from 16 case-control studies showed inverse associations with non-preserved
vegetable intake and a direct association with preserved vegetable [47]. Results from a case-
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control study in China showed increased fruit and vegetable intake to be protective against
NPC [48]. In another Chinese case-control study, exploring the association between various
components of traditional Cantonese diet and NPC consumption of Canton-style salted fish,
preserved vegetables and preserved/cured meat were significantly associated with increased
risk, while consumption of fresh fruit, Canton-style herbal tea and herbal slow-cooked soup
was associated with decreased risk of NPC [49]. Habitual consumption of soy products had
no significant effect on the risk of NPC in Chinese adults [50]. A case-control study in
Taiwan showed an inverse association with intake of fresh fish, green tea, coffee and vitamin
A intake from plant sources, whereas no association was observed with the intake of meats,
salted fish, fresh vegetables, fruits and milk [51].

The mechanism for the observed association between DIl and NPC is not known. A possible
explanation is through the attenuating effect of dietary components on STAT 3 activation,
which is an oncogenic transcription factor responsible for NPC [52]. Additionally, diet plays
arole in the expression of transcription factors; nuclear factor (NF)-xB and Nuclear factor
(erythroid-derived 2)-like 2 (Nrf-2), which are regulators of inflammatory responses [53,54].
Accordingly, a pro-inflammatory diet enhances the production of the tumor-promoting
cytokines IL-6 and TNF, which cause nasopharyngeal inflammation and activation of
STAT3, which then results in increased NPC risk.

Because of the rarity of NPC in Western populations, studies of NPC in Europe are feasible
only using case-control designs. In this case-control study both cases and controls came
from comparable catchment areas and were interviewed by uniformly trained interviewers in
their respective hospital settings. To limit possible sources of bias, we included in the control
group subjects admitted for a wide spectrum of acute, non-neoplastic conditions, unrelated
to the major risk factors for NPC. The comparable catchment areas of cases and controls
contributed to reduce selection bias. Furthermore the uniformity of the hospital setting
would have served to improve the comparability of information, as cases and controls are
interviewed under similar conditions. Subjects were unaware of any particular study-related
hypothesis in relation to diet, thereby reducing potential selection and information bias [55].
The FFQ was satisfactorily reliable [33] and valid [34]. Still, some degree of
misclassification may exist in the dietary assessment.

Participation among eligible cases and controls was almost complete, and we excluded from
the controls patients admitted for diseases likely to be related to tobacco smoking, alcohol
consumption and long-term dietary changes. Our results were adjusted for the major known
risk factors for NPC, including education, smoking, and alcohol drinking. In addition,
analyses were adjusted for energy intake. Possible limitations are the non-availability of the
remaining 14 food parameters for the DIl calculation. DIl calculated from these 31 food
parameters has not been validated with inflammatory markers. However, in previous
validation studies, the DIl has been calculated from food parameters ranging from 17 to 44
[38,13]. Moreover, there could be a possible overestimation due to the inclusion of food
items in the DII calculation that also are a source of important nutrients. However, each of
these food items has an inflammatory effect score, which is derived from an extensive
review of literature looking at the association between these foods and inflammation. In the
sensitivity analyses conducted excluding food parameters that were strongly correlated, we
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did not observe any significant change in the results. Another limitation could be the absence
of evidence of DIl being associated with inflammatory markers in this study; though the
case-control nature of the study is not amenable to adding such measures during the
etiologically relevant period in any event. The large majority of cases were EBV positive, as
recognized for nasopharyngeal carcinoma. The effect of DIl was independent from EBV
status. Genetic susceptibility was considered by Turati et al, 2013 [56]. Family history of
nasopharyngeal cancer in first degree relatives was reported by 3 cases and 6 controls, giving
an OR of 1.2 (95%%CI: 0.30-5.7). We did not include genetic susceptibility in the analyses
since there were just 9 participants with family history of NPC.

In conclusion, Italian men and women who consumed a more pro-inflammatory diet, high in
carbohydrate and fat and characterized by low intake of fruit and vegetables had an
increased risk of NPC compared to those who consumed a more anti-inflammatory diet.
This indicates that encouraging intake of more anti-inflammatory dietary factors, such as
omega-3 fatty acid rich foods, white meat in place of red meat, and plant-based foods rich in
vitamin E and phytochemicals, and reducing intake of pro-inflammatory factors, such as red
meat rich in saturated fat, may be a strategy for reducing the risk of NPC.
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Review of articles published from 1950 to 2010 resulting in 1943 studies linking a total of 45 food
parameters with inflammatory biomarkers.

¥

A score for each food parameter was calculated giving:

+1 to 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
increased IL-4 or IL-10),

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).

) 4

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.

14 food parameters were not included

. » for this study.

Z-score and centred-percentiles for each of the 31 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 respective ‘overall food

parameter-specific inflammatory effect score’ to obtain the ‘food parameter-specific DIl score’.

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

Figure 1.
Sequence of steps in creating the dietary inflammatory index in the Italian Nasopharyngeal

cancer case-control study
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Distribution of 198 cases of nasopharyngeal cancer and 594 controls according to age, education and other
selected covariates. Italy, 1992-2008.

Cases Controls
N. (%) N. (%)
Study centre?
Aviano 90 (45.5) 270 (45.5)
Milan 48 (242) 144 (24.2)
Naples and Catania 60 (30.3) 180 (30.3)
Place of living
Northeast 90 (45.5) 270 (45.5)
Northwest 48 (24.2) 144 (24.2)
Centre, South, Islands 60 (30.3) 180 (30.3)
Sex?
Men 157 (79.3) 471 (79.3)
Women 41(20.7) 123(20.7)
Age (years)?
<45 52(26.3) 159 (26.7)
45-54 64(32.3) 186 (31.3)
55-64 47 (237) 144 (24.2)
>65 35(17.7) 105 (17.7)
Education (years)b
<7 67(33.8) 221(37.3)
7-11 73(36.9) 222 (37.5)
212 58(29.3) 149 (25.2)
Tobacco smoking status?
Never smoker 60 (30.6) 196 (33.0)
Ex-smoker 60 (30.6) 181 (30.5)
Current smoker (cigarettes/day)
<15 21(10.7)  78(13.1)
>15 55(28.1) 139 (23.4)
Alcohol drinking (drinks per week)
<14 72(36.4)  235(40.3)
14-20 39(19.7) 149 (25.1)
>21 87 (43.9) 210 (35.4)

aMatching variable.

b .
The sum does not add up to the total because of some missing values.
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Table 2

Distribution of 594 controls by selected characteristics and tertiles of energy-adjusted dietary inflammatory
index (DII). Italy, 1992-2008.

Energy-adjusted DII tertile
Characteristics (%) 1 2 3
Men <-0.64 Men-0.64 to 0.59 Men > 0.59 P-Value@
Women <-1.06 | Women -1.05to-019 | Women >-0.19
Sexd 0.001
Men 71.8 79.7 87.4
Women 28.2 20.3 12.6
Age (years)? 001
<45 16.3 30.2 31.7
45-54 34.9 30.7 31.2
55-64 29.2 22.3 20.8
265 19.6 16.8 16.4
Education (years) 0.41
<7 421 36.1 32.8
7-11 354 37.6 40.4
>11 225 26.2 26.8
Tobacco smoking 0.003
Never smoker 40.2 32.2 25.7
Ex smoker 30.1 317 29.5
Current smoker (cigarettes/day) 29.6 36.2 44.8
<15 14.8 12.9 12.6
215 14.8 233 322
Alcohol drinking (drinks 0.01
<14 258 31.2 355
14-27 46.4 43.6 30.6
=28 27.8 25.2 33.9

aEstimated by Chi-square test.
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