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Abstract

Diet and inflammation have been suggested to be important risk factors for oral and pharyngeal 

cancer. We examined the association between dietary inflammatory index (DII) and oral and 

pharyngeal cancer in a large case-control study conducted between 1992 and 2009 in Italy. This 

study included 946 cases with incident, histologically confirmed oral and pharyngeal cancer, and 

2492 controls hospitalized for acute non-neoplastic diseases. The DII was computed based on 

dietary intake assessed by a valid 78-item food frequency questionnaire and was adjusted for non-

alcohol energy intake using the residual approach (E-DII). Logistic regression models were used 

to estimate odds ratios (ORs), and 95% confidence intervals (CIs), adjusted for age, sex, non-

alcohol energy intake, study center, year of interview, education, body mass index, tobacco 

smoking, and alcohol drinking. Subjects with higher DII scores (i.e., with a more pro-

inflammatory diet) had a higher risk of oral and pharyngeal cancer, the OR being 1.80 (95% CI 

1.36–2.38) for the highest versus the lowest DII quartile and 1.17 (95 % CI 1.10–1.25) for a one-
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unit increase (8 % of the DII range). When stratified by selected covariates, a stronger association 

was observed among women (ORquartile4 v.1 3.30, 95% CI 1.95–5.57). We also observed stronger 

association for oral cancer subsite and a strong combined effect of higher DII and tobacco 

smoking or alcohol consumption on oral and pharyngeal cancer. These results indicate that the 

pro-inflammatory potential of the diet, as shown by higher DII scores, is associated with higher 

odds of oral and pharyngeal cancer.

Introduction

Oral and pharyngeal cancer is the eight most common neoplasm and the eleventh leading 

cause of cancer mortality in Europe, with higher incidence in men as compared with 

women 1, 2. Although tobacco 3 and alcohol 4 are the major recognized risk factors for oral 

and pharyngeal cancer, there is a role of diet and inflammation in the development of this 

cancer 5, 6. Inflammation is the body’s response to any kind of tissue injury or insult in the 

presence of inflammatory stimulants such as cytokines 7, 8. Chronic inflammation – which is 

characterized by the continuous presence of inflammatory cytokines in circulation and in the 

tissues – is known to play a key role in the development of various epithelial cancers, 

including oral and pharyngeal neoplasms 6, 9. Aspirin has been inversely related to the risk 

of oral and pharyngeal cancer 10, 11.

There is growing evidence that specific dietary components influence both 

inflammation 12–14 and oral and pharyngeal cancer 15–18. Research on the role of diet in 

inflammation suggests that diet represents a complicated set of exposures that often interact, 

and whose cumulative effect modifies both inflammatory responses and health outcomes. A 

literature-derived, population-based dietary inflammatory index (DII) was developed to 

assess the inflammatory potential of an individual’s diet 14. It has been validated with 

various inflammatory markers, including C-reactive protein 19, 20, interleukin-6 21, and 

homocysteine 20. The DII has been associated with colorectal 22, pancreatic 23 and 

hepatocellular 24 cancers. DII has also been shown to be strongly associated with esophageal 

squamous cell25 laryngeal26 and nasopharyngeal cancers27 in Italy.

Using a case-control study conducted in Italy, this is the first study to examine the 

association between the DII and oral and pharyngeal cancer. Our working hypothesis is that 

increasing inflammatory potential of diet is positively associated with oral and pharyngeal 

cancer.

Methods

A multicentric case-control study of oral and pharyngeal cancer was conducted from 1992 to 

2009 in the greater Milan area in northern Italy, the provinces of Pordenone in northeastern 

Italy, and Rome and Latina in central Italy 5, 28. Cases were 946 patients (756 men and 190 

women; median age 58 years, range 22–79 years) admitted to major hospitals in the study 

areas, with incident, diagnosed within 1 year from the interview, histologically confirmed 

cancer of the oral cavity and of the pharynx. Controls were 2,492 subjects (1497 men and 

995 women; median age 58 years, range 19–82 years) admitted to the same hospitals as 

cases for a wide spectrum of acute, non-neoplastic conditions, unrelated to known risk 
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factors for oral and pharyngeal cancer, and not associated with long-term dietary 

modifications. Aspirin and other anti-inflammatory medications use was not an exclusion 

criterion 10, 11. To compensate for the rarity of oral and pharyngeal cancer in women, a 

control-to-case ratio of ~5 was chosen for women, as opposed to ~2 for men. Of the 

controls, 24% were admitted for traumas, 27% for other orthopedic disorders, 22% for 

surgical conditions, 9% for eye diseases, and 19% for miscellaneous various other illnesses. 

Less than 5% of both cases and controls contacted refused to participate. The same 

structured questionnaire and coding manual were used in each centre, and all interviewers 

were centrally trained and routinely supervised. It was not possible to blind the interviewers 

to the case-control status. The study was approved by the referent ethics committee and have 

been performed in accordance with the ethical standards laid down in the 1964 Declaration 

of Helsinki.

The questionnaire included information on socio-demographic characteristics, such as 

education and occupation, lifetime smoking and alcohol-drinking habits, physical activity, 

anthropometric measures at various ages, a problem oriented personal medical history, and 

family history of cancer. A reproducible 29, 30 and valid 31 food frequency questionnaire 

(FFQ) was used to assess the patients’ usual diet in the two years preceding cancer diagnosis 

(for cases) or hospital admission (for controls). The FFQ included the average weekly 

consumption of 78 food items or food groups and of five alcoholic beverages. All subjects 

(cases and controls) in the study have a complete FFQ. Intakes lower than once a week, but 

at least once per month were coded as 0.5 per week.

FFQ-derived dietary data were used to calculate DII scores for each study subject. A 

complete description of the DII is available elsewhere 14. Briefly, to calculate DII for the 

subjects in this study, the dietary data were first linked to a world database that provided a 

robust estimate of a mean and 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 

centered percentile score. The centered percentile score of each food parameter for each 

subject was then multiplied by the respective food parameter effect score, in order to obtain 

a food parameter-specific DII score. All the food parameter-specific DII scores were then 

summed up to create the overall DII score for each study subject. DII was adjusted for (non-

alcohol) energy using the residual approach 32 to get energy adjusted DII (E-DII).

The E-DII was analyzed both by quartiles of exposure, determined on the basis of its 

distribution among controls, and as a continuous variable (i.e., for a one-unit increment in 

the DII corresponding to approximately 8% of its global range). Odds ratios (ORs) and the 

corresponding 95% confidence intervals (CIs) were estimated using logistic regression 

models, including terms for age (quinquennia), sex, study center, year of interview, 

education (<7, 7–11, ≥12 years, categorically), body mass index (BMI, <20, 20–25, 25–30, 

≥30 kg/m2, categorically), tobacco smoking (never smoker, ex-smoker, current smoker of 

<15, 15–24, and ≥25 cigarettes/day, categorically), and alcohol drinking (<14, 14–<28, 28–

<56, ≥56 drinks/week, categorically), and non-alcohol energy intake (quintiles among 
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controls). Linear tests for trend were performed using the median value within each quartile 

as an ordinal variable. We also analysed the association between the E-DII and oral and 

pharyngeal cancer by anatomic subsites. To investigate whether the effect of the E-DII was 

homogeneous across strata of selected covariates, we conducted analyses stratified by age, 

sex, education, alcohol, tobacco smoking. To test for homogeneity between strata, the 

difference between the −2 log(likelihood) of the models with and without the interaction 

terms was compared with the χ2 distribution with the same number of degrees of freedom as 

the number of interaction terms.

We have then evaluated interactions between alcohol or smoking and E-DII as a deviation 

from additivity and as multiplicative joint effects. In order to estimate the departure from 

additivity of effects we used the relative excess risk due to interaction (RERI) and the 

synergy index (S) 33. CI for the indices were obtained using the delta method 34. In order to 

evaluate the significance of the multiplicative interaction we used the likelihood ratio tests of 

significance comparing models including versus excluding the interaction term. Statistical 

analyses were performed using SAS 9.3 (SAS Institute, Inc.).

Results

Table 1 gives the distribution of 946 cases and 2492 controls according to center, age, sex, 

and other selected covariates. Age distribution was similar in cases and controls. Cases were 

less educated and reported a higher tobacco and alcohol consumption than controls.

The mean E-DII value was 0.45 (SD=1.46) among cases and −0.17 (SD=1.43) among 

controls, indicating a more pro-inflammatory diet for cases. Control characteristics across 

quartiles of E-DII are provided in Table 2. Participants in the highest quartiles were more 

often males, current smokers and consumed high amount of alcohol compared to subjects in 

the lowest quartile.

Table 3 shows the distribution of 10 food groups across E-DII quartiles among controls. 

Servings of fruit, vegetables, fish, coffee, and poultry decreased significantly across 

quartiles, whereas servings of pork, sugar, cheese, and desserts increased significantly.

ORs and 95% CIs of oral and pharyngeal cancer according to quartiles of E-DII and 

continuous E-DII are shown in Table 4. In the full model, significant positive associations 

were observed between E-DII and oral and pharyngeal cancer risk when used as both a 

categorical variable (ORquartile4 v.1 1.80, 95% CI 1.36–2.38; p for trend < 0.0001) and as a 

continuous variable (ORcontinuous 1.17, 95 % CI 1.10–1.25). When analysed by cancer 

subsite, stronger association was observed with oral cancer (ORQuartile4vs1= 2.08, 95% CI 

1.47, 2.93), although significant trends were observed for all cancer subtypes (hypopharynx 

and oropharynx).

Table 5 shows full-adjusted ORs of oral and pharyngeal cancer in strata of selected 

covariates. Stronger associations were observed among subjects ≥60years (ORQuartile4vs1= 

2.12, 95% CI 1.42, 3.16), women (ORQuartile4vs1= 3.30, 95% CI 1.95, 5.57), less educated 

subjects (ORQuartile4vs1= 2.07, 95% CI 1.37, 3.13), and among never smokers 

(ORQuartile4vs1= 3.06, 95% CI 1.69, 5.51). However, significant heterogeneity was observed 
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only for sex (p value=0.03). A sensitivity analyses conducted after additionally adjusting for 

family history of cancer, did not materially change the results (data not shown).

Figure 1 shows the joint effects of E-DII and alcohol drinking or tobacco smoking on oral 

and pharyngeal cancer risk, controlling for centre and potential confounders. Compared to 

the lowest risk category, that is never to moderate drinkers (<28 drinks/week) with the lower 

E-DII category (≤median), the OR for oral and pharyngeal cancer was 5.87 (95% CI 

4.41,7.82) for heavy drinkers with the higher E-DII category (> median). RERI was 2.43 (p-

value<0.001), S was 2.00 (p-value<0.001), and p-value for multiplicative interaction was 

0.41. With reference to smoking, compared to never/ex smokers with the lower E-DII 

category, the OR for oral and pharyngeal cancer was 4.43 (95% CI 3.40,5.78) for current 

smokers with the higher E-DII category. RERI was 1.31 (p-value=0.01), S was 1.62 (p-

value=0.01), and p-value for multiplicative interaction was 0.33, suggestive of positive 

additive interaction of a pro-inflammatory diet with smoking and alcohol consumption in the 

association with oral and pharyngeal cancer.

Discussion

In this large case-control study, a more pro-inflammatory diet, as reflected in higher DII 

scores, was associated with an increased risk of oral and pharyngeal cancer with a stronger 

association observed among women. As was observed among controls (Table 2), compared 

to men women tend to be much more well represented in the lowest E-DII quartile. Having a 

high concentration of lower (i.e., referent) values among female controls would tend to 

amplify risk in the higher quartiles of E-DII among women, as was observed in these 

analyses.

This is the first report on this association. There has been a growing interest in conducting 

research on dietary scores and patterns and cancer, rather than any single nutrient 35. These 

results indicate a diet rich in anti-inflammatory food items like fruit, vegetables, fish, coffee, 

and poultry and low in pork, sugar, cheese, and desserts can help in reducing the risk of oral 

and pharyngeal cancer.

Previous results obtained in this case-control study showed protective effects of flavonones, 

flavonols and total flavonoids 36 and high fruit and vegetable intake 5, all of which have anti-

inflammatory properties or components, and increased risks with foods rich in pro-

inflammatory components like animal protein, animal fat, saturated fatty acids and 

cholesterol 5. Adherence to healthy dietary pattern like Mediterranean diet was also 

protective in this case-control study 37. A diet with a high Mediterranean diet score (MDS), 

as defined by Trichopoulou et al. 2003 38, would also have a low DII (or E-DII) score as we 

have observed previously in other Mediterranean populations 39–41. In this study, we 

observed an inverse Spearman correlation of −0.43 (p-value <0.0001). We also carried out 

sensitivity analyses adjusting for MDS in the analyses and there was a marginal drop off in 

the OR for continuous DII, i.e., 1.14 (95 % CI 1.06–1.22). The inverse correlation that was 

observed may reflect the importance of dietary features common to both indices: higher 

intakes of whole grains, fish, vegetables, fruit and plant-based components which contribute 

a range of nutrients with potential to impact cancer risk through different mechanisms. 
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Differences between these indices and outcomes may reflect how other items such as 

potatoes and eggs were considered differently by the different indices.

In formulating the DII, an approach uniquely different to that of other indices was taken by 

focusing on the functional effects of foods and nutrients. As such, it relies on reviewing and 

scoring of the peer-reviewed literature on the subject of diet and inflammation. Also, it 

standardizes individuals’ dietary intakes of pro- and anti-inflammatory food constituents to 

world referent values that results in values that are not dependent on units of consumption 

and can be used for comparison across studies 42. The DII is based on the idea that many 

chronic inflammation-related diseases such as cancer operate in a pro-inflammatory 

environment. The most anti-inflammatory diets are likely to include foods such as fruit and 

vegetables, fish, and olive oil that feature prominently in a Mediterranean diet. A 

Mediterranean diet consists of components such as whole grains, which are rich in anti-

oxidants, so a likely mechanism through which the Mediterranean diet would exert its 

protective effect could involve oxidative process. Antioxidants manifest themselves in an 

inhibition of the synthesis and activity of growth factors that promote development of cancer 

cells, starting from activation of carcinogens, through regulating the cell cycle, to the process 

of angiogenesis and carcinogenesis 43. These effects are more likely in a strongly pro-

inflammatory substrate. Other possible mechanisms for this positive association of the DII 

with oral and pharyngeal cancer might be through the excess production of proto-oncogenic 

cytokines like IL-6, IL-8, platelet-derived growth factor, and vascular endothelial growth 

factor in the tumor microenvironment, which are then responsible for carcinogenic activities 

such as anti-apoptosis, tumor angiogenesis and metastasis 44. Hypoxia is a common state in 

cancers and inflamed tissues can cause DNA damage and induce tumorigenic factors. 

Finally, tissue vasculature is a vital part of its microenvironment, supplying oxygen, 

nutrients, and growth factors to rapidly dividing cells and providing a mechanism for 

metastatic spread 6.

Previous studies have been conducted to examine various other dietary components, patterns 

and indices in relation to oral and pharyngeal cancer 45–51. In the pooled analyses within the 

International Head and Neck Cancer Epidemiology Consortium folate 47, vitamin C 45, 

coffee and tea intake 48 were found to be protective against oral and pharyngeal cancer. 

Moreover, a meta-analyses based on 15 case-control and one cohort studies revealed a 

protective role of fruit and vegetables consumption 49. In the Netherlands Cohort Study, an 

inverse association was observed between intake of nutrients like vitamin C and food items 

like fruits and vegetables; and the incidence of head and neck cancers including oral 

cancers 50, 51.

Among the strengths of the study are its large sample size and the availability of major 

confounding factors, including tobacco smoking and alcohol drinking 52. Dietary recall of 

cases can be influenced by recent diagnosis of cancer. However, the information collected in 

our study refers to the habitual diet before diagnosis or hospital admission. Reproducibility 

was tested in a separate sample a few months after the first interview 29 as well as few years 

after original data collection in another sub-sample of controls 53. Both studies gave 

satisfactory reproducibility, with correlation coefficients between 0.5 and 0.7 for most 

frequently consumed foods. The dietary habits of hospital controls may differ from those of 
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the general population, but only patients admitted to the hospital for acute conditions, not 

related to major changes in diet and other lifestyle factors were included. Although – as in 

most case-control studies53, 54 – interviewers could not be blinded to the case or control 

status, recall bias in the intake of several dietary components from the FFQ is unlikely, as 

awareness of a link between diet and oral and pharyngeal cancer risk in Italy was not widely 

known at the time of this study. Moreover, the same interview setting and catchment areas 

for cases and controls, and the almost complete participation, provide some reassurance 

against any strong selection bias.

In conclusion, subjects – especially women – who consumed a more pro-inflammatory diet 

were at increased risk of oral and pharyngeal cancer compared to those who consumed a 

more anti-inflammatory diet in this Italian population. This is the first study to examine the 

association between inflammatory potential of diet and oral and pharyngeal cancer and the 

results suggest that encouraging intake of more anti-inflammatory dietary factors, such as 

plant-based foods rich in fiber and phytochemicals, and reducing intake of pro-inflammatory 

factors, such as fried foods or processed foods rich in saturated fat or animal protein, is a 

promising strategy for reducing the risk of oral and pharyngeal cancer. Hence, targeting an 

improvement in the DII of the diet may be added to the list of general health 

recommendations for the reduction in risk of oral and pharyngeal cancer. These results 

should be replicated in other studies in order to increase confidence in making this 

recommendation.
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Novelty & Impact Statements

In this large case-control study, we report a positive association between inflammatory 

potential of diet and of oral and pharyngeal cancer in Italy. This is the first study to 

examine this association. Results show that a diet rich in pro-inflammatory components 

may be a risk factor for oral and pharyngeal carcinogenesis. Public health steps should be 

taken to promote an anti-inflammatory diet; i.e. one rich in green, leafy vegetables and 

fruits.
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Fig. 1. 
Odds ratios (OR)a and 95 % confidence intervals for oral and pharyngeal cancer according 

to the combination of of dietary inflammatory index (E-DII) and alcohol and smoking. Italy, 

1992–2009.

Footnote:

Abbreviation: RERI: Relative excess risk due to interaction; S: Synergy index.
aEstimated from multiple logistic regression models, including terms for age, sex, centre, 

education, body mass index, non-alcohol energy intake, and tobacco smoking and alcohol 

consumption when appropriate.
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Table 1

Distribution of 946 patients with oral and pharyngeal cancer and 2492 control patients according to age, sex, 

education, and other selected variables. Italy, 1992–2009.

Characteristics Cases Controls P-valuea

N. (%) N. (%)

Age (years) 0.07

 <50 190 (20.1) 583 (23.4)

 50–59 313 (33.1) 734 (29.5)

 60–69 329 (34. 8) 837 (33.6)

 ≥70 114 (12.1) 338 (13.6)

Sex <0.0001

 Men 756 (79.9) 1497 (60.1)

 Women 190 (20.1) 995 (39.9)

Education (years)b <0.0001

 <7 553 (58.8) 1272 (51.3)

 7–11 260 (27.6) 726 (29.3)

 ≥12 128 (13.6) 483 (19.5)

Smoking b <0.0001

 Non-smoker 137 (14.5) 1077 (43.3)

 Ex-smoker 255 (27.1) 761 (30.6)

 Current smoker

 <15 cigarettes/day 125 (13.3) 280 (11.3)

 15–24 cigarettes/day 275 (29.2) 283 (11.4)

 ≥25 cigarettes/day 150 (15.9) 86 (3.5)

Alcohol intake (drinks/week)b <0.0001

 <14 188 (19.9) 1209 (48.5)

 14–<28 176 (18.6) 653 (26.2)

 28–<56 201 (21.3) 448 (18.0)

 ≥56 381 (40.3) 182 (7.3)

a
p value for Chi-square test

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