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Abstract

Purpose—To test whether the inflammatory potential of diet, as measured using the dietary 

inflammatory index (DII), is associated with risk of lung cancer or other respiratory conditions and 

to compare results obtained with those based on the aMED score, an established dietary index that 

measures adherence to the traditional Mediterranean diet.

Methods—In 4336 heavy smokers enrolled in a prospective, non-randomized lung cancer 

screening program, we measured participants’ diets at baseline using a self-administered food 

frequency questionnaire from which dietary scores were calculated. Cox proportional hazards and 

logistic regression models were used to assess association between the dietary indices and lung 
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cancer diagnosed during annual screening, and other respiratory outcomes that were recorded at 

baseline, respectively.

Results—In multivariable analysis, adjusted for baseline lung cancer risk (estimated from age, 

sex, smoking history, and asbestos exposure) and total energy, both DII and aMED scores were 

associated with dyspnoea (p trend = 0.046 and 0.02, respectively) and radiological evidence of 

emphysema (p trend = 0.0002 and 0.02). After mutual adjustment of the two dietary scores, only 

the association between DII and radiological evidence of emphysema (Q4 vs. Q1, OR 1.30, 95 % 

CI 1.01–1.67, p trend = 0.012) remained statistically significant. At univariate analysis, both DII 

and aMED were associated with lung cancer risk, but in fully adjusted multivariate analysis, only 

the association with aMED remained statistically significant (p trend = 0.04).

Conclusions—Among heavy smokers, a pro-inflammatory diet, as indicated by increasing DII 

score, is associated with dyspnoea and radiological evidence of emphysema. A traditional 

Mediterranean diet, which is associated with a lower DII, may lower lung cancer risk.
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Introduction

Worldwide, lung cancer is among the most common type of cancer in men and women and 

the leading cause of cancer death [1]. In the context of the Italian COSMOS (Continuous 

Observation of Smoking Subjects) study, a screening program for the early diagnosis of lung 

cancer in high-risk individuals using annual low-dose computed tomography (LD-CT) [2], 

we previously examined the association between intake of selected nutrients and foods and 

the alternate Mediterranean diet (aMED) score and lung cancer risk [3, 4].

Research into the role of diet in inflammation and lung cancer suggests that diet represents a 

complicated set of exposures which often interact, and whose cumulative effect modifies 

both inflammatory responses and health outcomes [5–9]. In order to further address the 

effect of diet on inflammation, researchers at the University of South Carolina’s Cancer 

Prevention and Control Program developed the dietary inflammatory index (DII), which can 

be used in diverse populations to assess the inflammatory potential of diet assessed by 

various dietary assessment tools (i.e., 24-h dietary recalls, food frequency questionnaires 

(FFQs), and food records) [10–12]. To date, validation of the DII has shown its ability to 

predict serum CRP levels in a large longitudinal epidemiological study [13]. Previously, we 

observed that shift workers tend to have a pro-inflammatory diet (higher DII scores) 

compared to their day-working counterparts [14].

Despite that higher DII scores have been linked to known inflammation-related conditions, 

including colorectal cancer and asthma [11, 12], the DII has not yet been applied to a 

population with lung cancer and other lung diseases as outcomes. The purpose of this study 

was to examine the association between the DII and a series of lung conditions for which 

tobacco smoke-induced inflammation could be an important biological pathway [15]. These 

include chronic obstructive pulmonary disease (COPD), emphysema, or lung cancer. We 
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also sought to compare the DII with the aMED score, an established dietary index that 

measures adherence to the traditional Mediterranean diet and has been associated with lower 

concentrations of inflammatory biomarkers [16].

Our working hypothesis is that a higher DII score (indicating a pro-inflammatory diet) 

increases risk of developing lung cancer and other lung disorders.

Materials and methods

Study population

The study is based on participants in the COSMOS study, a non-randomized lung cancer 

screening trial for the early diagnosis of lung cancer in high-risk individuals. Study details 

have been published elsewhere [2]. In brief, a total of 5203 asymptomatic volunteers, free of 

cancer at baseline (except treated non-melanoma skin cancer), aged ≥50 years, who were 

current smokers or had quit smoking for <10 years and had smoked ≥20 pack-years, were 

enrolled in the study between 2004 and 2005. All volunteers provided written consent to 

receive annual LD-CT. The study was approved by the Ethical Committee of the European 

Institute of Oncology, Milan, Italy.

Dietary assessment

At baseline, the self-administered FFQ developed for the Italian cohort of the European 

Prospective Investigation into Cancer and Nutrition study (EPIC-Italy) [17] was given to and 

filled out directly by the participants. Frequency of consumption (per day, week, month, or 

year) of 188 different food items and beverages representative of the Italian diet was 

collected to assess average food intake over the preceding year. Data from the FFQs were 

checked, coded, and computerized using optical reading technology. The average daily 

quantities of foods and energy consumed by participants were calculated with the Nutrition 

Analysis of Food Frequency software [18].

For each individual, FFQ-derived dietary information was used to calculate DII scores for all 

subjects, using procedures described in detail elsewhere [10, 19]. Briefly, the dietary data for 

each study participant were first linked to the regionally representative global database that 

we developed and which provides a robust estimate of a mean and standard deviation for 

each of the food parameters (i.e., foods, nutrients, and other food components, such as 

flavonoids) considered in order to derive a z-score, 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” (a common occurrence with dietary data), this value 

was then converted to a centered percentile score which was then multiplied by the 

respective food parameter effect score (derived from a literature review and scoring of 1943 

articles) in order to obtain each subject’s food parameter-specific DII score. All of the food 

parameter-specific DII scores were then summed to create the overall DII score for every 

subject in the study. DII = b1 * n1 + b2 * n2…b(n) * n(n), where b refers to the literature-

derived inflammatory effects score for each of the evaluable food parameters; n refers to the 

food parameter-specific centered percentiles, which were derived from the dietary data; and 

(n) refers to the total number of food parameters that will be available from this study. A 
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positive score indicates a more pro-inflammatory diet, while a negative score reflects a diet 

that is more anti-inflammatory. Of a possible 45 food parameters, 24 retrieved from the FFQ 

were used for DII calculation (carbohydrate, protein, fat, alcohol, fiber, cholesterol, saturated 

fat, monounsaturated fat, polyunsaturated fat, omega-3, omega-6, niacin, thiamin, riboflavin, 

vitamin-B12, vitamin-B6, iron, zinc, vitamin A, vitamin C, vitamin D, vitamin E, folic acid, 

beta carotene). The methodology is depicted in Fig. 1.

In addition, the aMED score was derived from the Mediterranean diet scale developed by 

Trichopoulou et al. [20, 21] and was calculated based on the intake of vegetables (excluding 

potatoes), fruits, nuts, cereals, legumes, fish, red and processed meats, and alcohol [3]. 

Intakes above the median value reported by all participants received 1 point for vegetables, 

fruits, nuts, cereals, legumes, and fish; otherwise, they received 0 points. Red and processed 

meat consumption below the median value received 1 point. Moderate alcohol intake 

received 1 point. The resulting aMED score values range from 0 (minimal adherence to the 

Mediterranean diet) to 9 (maximal adherence).

Outcomes

Past medical history, including information on history of pneumonitis, COPD/emphysema, 

or dyspnoea, was collected during a face-to-face interview with the participants at the time 

of baseline screening. At baseline, some participants also underwent a spirometry test, and 

their forced vital capacity (FVC %), forced expiratory flow (FEF %), forced expiratory 

volume in 1 s (FEV1 %), and FEV1/FVC ratio were recorded. The presence of emphysema 

on baseline LD-CT screen was visually assessed by the radiologist. Lung cancers were 

detected during annual LD-CT screening rounds following a detailed diagnostic protocol (at 

the time data were analyzed, participants were still on intervention and had entered their 

ninth screening round). Information on eventual interval cancers (i.e., incidental cancers 

diagnosed between two screening rounds) was obtained through the study follow-up 

program for those treated in other institution or who had quit attending the screening 

program. Participants not presenting at their last screening visit were individually contacted. 

If unreachable, their vital status was obtained from local health statistic office. All lung 

cancer cases were confirmed by either histology or cytology [2].

Statistical analysis

Pearson’s correlation coefficients were calculated between potential covariates at baseline, 

average daily intake of selected foods (including beverages), food groups, the aMED, and 

the DII. The cumulative incidence curves of lung cancer according to quartiles of the DII or 

categories of the aMED score were plotted using the Kaplan–Meier method. Differences 

between curves were assessed with the log-rank test. In addition, univariate and 

multivariable Cox proportional hazards regression and logistic regression models were fit to 

analyze the association between food intake and lung cancer risk or other baseline 

respiratory conditions. Multivariable models were adjusted for baseline lung cancer risk 

probability and total energy intake (both variables set as continuous). Lung cancer risk 

probability was calculated for each individual based on a recalibration of the model 

proposed by Bach et al. using information on age (years, continuous), sex, smoking duration 

(years, continuous), smoking intensity (cig/day, continuous), years of smoking cessation 
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(years, continuous), and asbestos exposure (dichotomous), as reported on the baseline 

questionnaire [22]. We performed alternative models adjusted for all single-component 

variables instead of the composite risk score, plus additional variables such as education. 

Because the results were comparable across various models, we decided to present results 

from the simplest model. p values for trend were calculated using the quartile median values. 

Before presenting results from the log-rank tests or from the Cox models, we verified the 

proportional hazards assumption by introducing a constructed time-dependent variable and 

testing it for statistical significance. Analysis was performed with the SAS® software 

version 9.2 (Cary, NC). All p values are two-sided.

Results

A completed FFQ was returned by 4336 (84 %) of the 5203 participants to the COSMOS 

study, after exclusion of data from 27 participants who reported abnormal dietary values 

(total caloric intake ≥ |3| standard deviations). Main characteristics of the participants are 

shown in Table 1. Briefly, participants were mostly males (66.1 %), current smokers 

(79.8 %), had a median age of 57 years (range 50–84), and had smoked a median of 44 

pack-years at enrollment. After a median follow-up of 8.5 years and based on 30,960 

person-years of observation, lung cancer was diagnosed in 200 subjects (143 men and 57 

women). The detection rate of lung cancer increased significantly with age, increasing pack-

years, increasing baseline lung cancer risk probability, and in participants with a low 

education level. It was similar across body mass index categories and among current 

smokers and recent quitters (Table 1).

Correlations between potential confounding variables, including average daily intake of 

selected foods (including beverages), food groups, the aMED score, and the DII score, are 

shown in Table 2. Age, current smoking status, pack-years of tobacco use, and baseline lung 

cancer risk probability calculated using a recalibration of the Bach model [22] were directly 

correlated with the DII score, while total energy, consumption of fruits and vegetables, olive 

oil, fish, red meat, and the aMED score were inversely correlated. Figure 2 presents a series 

of box and whiskers plots to depict the correlation between the DII score and the aMED 

score.

Figure 3 presents the cumulative incidence of screening-detected lung cancer according to 

the aMED score and quartiles of the DII score. Univariate analysis revealed that both scores 

are associated with an increased risk of lung cancer. In particular, the DII score is associated 

with a 64 % increased risk (Q4 vs. Ql, OR 1.64, 95 % CI 1.10–2.44, p trend = 0.02) of lung 

cancer; however, the association lost statistical significance after adjustment for baseline 

lung cancer risk probability (data not shown) or after adjustment for baseline lung cancer 

risk probability and total energy. Conversely, the association with the aMED score remained 

statistically significant in multivariable analysis, even after adjusting for the DII score. 

Compared to participants with a low adherence to the Mediterranean diet (aMED scores 0–

1), those with a strong adherence (aMED scores 8–9) had an 80 % lower risk of being 

diagnosed with lung cancer at screening HR 0.20 (95 % CI 0.04–0.90).
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Table 3 provides information on the association between the DII score and past medical 

history, respiratory symptoms, respiratory function, and radiological findings at baseline 

screening LD-CT. Five hundred and fifty-five participants (12.8 %) reported a past history of 

pneumonitis at baseline visit, 661 (15.2 %) reported suffering from COPD or emphysema, 

1387 (32.0 %) from dyspnoea, and 1721 (39.7 %) had radiological evidence of emphysema 

at baseline screening LD-CT. Five hundred and seventy-one (28.4 %) of the 2013 

participants who had a lung function test done had a forced vital capacity <80 %.

Univariate analysis revealed that the DII score was inversely associated with past history of 

pneumonitis and positively associated with a history of COPD, dyspnoea, reduced 

respiratory function (FVC < 80 %), and radiological evidence of emphysema. In 

multivariable analysis, adjusted for baseline lung cancer risk (estimated from age, sex, 

smoking history, and asbestos exposure) and total energy, only the association with 

dyspnoea (Q4 vs. Q1, OR 1.30, 95 % CI 1.03–1.64, p trend = 0.046) and with radiological 

evidence of emphysema (Q4 vs. Ql, OR 1.41, 95 % CI 1.13–1.75, p trend = 0.0002) 

remained statistically significant (Table 4). After further adjustment for the aMED score, 

only the association with radiological evidence of emphysema (Q4 vs. Ql, OR 1.30, 95 % CI 

1.01–1.67, p trend = 0.01) remained statistically significant. In contrast, in multivariable-

adjusted analyses accounting for baseline lung cancer risk and total energy, aMED score was 

significantly associated with dyspnoea (p trend = 0.02) and with radiological evidence of 

emphysema (p trend = 0.02). However, both associations disappeared after further 

adjustment for DII score (Table 4)

Discussion

In the current study, we observed a positive association between a pro-inflammatory diet, as 

evidenced by an increasing DII score, and dyspnoea and radiological evidence of 

emphysema. Compared to subjects in quartile 1, those in quartile 4 were 30 % more likely to 

have dyspnoea and 41 % more likely to have radiological emphysema. We also observed an 

association with lung cancer (64 % increase risk) and COPD (27 % increased risk) after 

univariate analyses. Although we did not observe a significant association with lung cancer 

and COPD after multi-variable analyses, the results were suggestive of a positive 

association. With longer follow-up or a larger sample size, the results might have reached 

statistical significance. We also observed an inverse association between DII and 

pneumonitis, in univariate analysis only. This could be due to chance, as there are multiple 

causes for pneumonitis, including infections; thus, diet may not play a major role in 

determining this particular outcome. Finally, we showed that the DII score and the aMED 

score were strongly correlated, but in multivariable analysis, DII was stronger than aMED to 

predict radiological evidence of emphysema, while aMED more strongly predicted lung 

cancer.

This is the first study to explore the association between DII and lung cancer and other lung 

disorders in a cohort of heavy smokers enrolled in a lung cancer screening trial. Previous 

findings from this study showed a protective effect of a “vitamins and fiber” pattern score 

for lung cancer [4], whereas red meat consumption was associated with increased risk [3]. In 

this study, the DII was inversely correlated with red meat (ρ = −0.26), this could be due to 
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the fact that DII takes into account diet as a whole; so, people with high red meat 

consumption might be consuming large amounts of other anti-inflammatory dietary 

components such as spices, olive oil, and vegetables. In fact, we did observe a strong inverse 

correlation between DII and olive oil (ρ = −0.67), and fruits and vegetables (ρ = −0.77). Red 

meat consumption was not associated with lung cancer risk, while vegetable consumption 

was found to be protective against lung cancer in a cohort study conducted in Europe [23, 

24]. In contrast, results from a recent meta-analysis suggest an increased risk of lung cancer 

with high intake of red meat [25, 26], whereas white meat consumption showed an inverse 

association with lung cancer among non-smokers in a large case-control study conducted in 

Singapore [27].

We also observed strong inverse correlation between DII and aMED scores, which is along 

expected lines because a higher DII score indicates a pro-inflammatory or an unhealthier 

eating pattern, whereas for aMED score a higher score indicates a healthier diet [28]. The 

fact that the aMED score better predicted lung cancer than the DII score and that the DII 

score performed better than the aMED score to identify those with radiological evidence of 

emphysema highlights potential distinct features of these two “healthy” dietary indices and 

possibly suggests different mechanisms of action. The DII score has previously been shown 

to be associated with CRP and interleukin-6 levels [9, 13], which are recognized systemic 

inflammatory biomarkers of chronic obstructive pulmonary disease [29]. The aMED score 

may define a broader “healthy” diet characterized by other properties such as increased 

antioxidant potential [30].

Previous studies have shown poor diet to be associated with increased risk of dyspnoea, 

emphysema, and other lung disorders [31]. Of interest, di Giuseppe et al. [32] examined 

associations between dietary total antioxidant capacity (TAC) and pulmonary function in an 

Italian healthy population. They found a positive association of TAC with FEV1 and FVC 

among women (Q5 vs. Ql), which was more pronounced in premenopausal never smokers. 

TAC has an effect opposite to that of the DII and probably protects the lungs from oxidative 

stress due to the higher concentrations of bioactive compounds with antioxidant properties. 

Previously, the DII has been shown to be associated with asthma and lung function tests 

[11]. A possible mechanism of diet’s action may be through its effect on the production of 

inflammatory cytokines, including bronchoconstrictive leukotrienes in lung tissue. 

Previously, omega 3 and omega 6 fatty acids consumption has been shown to reduce the 

production of these cytokines [33]. The inflammatory components that have been shown to 

be involved in the development of the lung cancer include a variety of cytokines, 

chemokines, and cytotoxic mediators such as reactive oxygen species (ROS), 

metalloproteinases, interleukins, and interferons [34]. Most of these inflammatory markers 

are increased by tobacco consumption [35], and diet has previously been shown to have an 

effect on these inflammatory components [9, 36].

A major strength of our study is its reliance on a well-defined population composed of 

asymptomatic heavy smokers participating to a lung cancer screening program, for whom 

individualized lung cancer risk probability has been calculated [22]. Our noninvasive 

screening protocol based on annual LD-CT, PET and evaluation of nodule doubling time, 

and the close follow-up of participants also ensured steady early-stage lung cancers 
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detection over the study period [2]. A study limitation is the use of a single baseline FFQ to 

assess diet over the entire study period. Because participants were repeatedly advised to stop 

smoking, they also may have modified their diets following general health 

recommendations. FFQs also are subject to measurement errors that may have affected the 

assessment of the DII score [37–41]. It must be noted, however, that measurement biases are 

very culturally specific; so, factors such as social desirability that have been observed in 

North American populations may not exert much of an effect in this Italian population. 

Another limitation relates to the potential for recall bias for the outcomes that were 

ascertained at baseline interview, e.g., history of pneumonitis, COPD, or dyspnoea. Finally, 

despite the large size of the screened cohort, the number of lung cancers diagnosed during 

the study period was relatively small, conferring limited statistical power to the study. We 

also tested the association between DII and aMED scores with multiple potential outcomes, 

and some of the positive associations found might have been due to chance. In contrast, 

multivariable models may have suffered from overadjustment due to the high correlation 

between the two dietary scores. The disappearance of a significant association between the 

DII and lung cancer may be due simply to the fact that much of what drives the DII toward 

lower values in this population reflects adherence to the Mediterranean dietary prescription.

In conclusion, our study suggests that, among heavy smokers, a pro-inflammatory diet, as 

shown by increasing DII score, is associated with reduced dyspnoea, radiological evidence 

of emphysema, while a traditional Mediterranean diet, which is associated with a lower DII, 

lowers the risk of developing lung cancer. Hence, targeting an improvement in DII may be 

added to the list of general health recommendations for heavy smokers.
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Fig. 1. 
Sequence of steps in creating the dietary inflammatory index in the COSMOS study, 2004–

2005
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Fig. 2. 
Dietary inflammatory index (DII) score according to alternate Mediterranean (aMED) score 

in 4336 participants to the COSMOS study, 2004–2005
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Fig. 3. 
Cumulative incidence of lung cancers detected through repeated annual screening LD-CTs 

according to the alternate Mediterranean diet (aMED) score and the dietary inflammatory 

index (DII) score, COSMOS study, 2004–2005. Hazards ratios (HRs) and 95 % confidence 

intervals (CIs) obtained from multivariable Cox proportional hazards regression model 

adjusted for (1) baseline risk probability (based on age, sex, smoking duration, smoking 

intensity, years of smoking cessation, and asbestos exposure) and total energy, and (2) 

aMED and DII scores mutual adjusted. The number of participants at risk (on screening) at 

baseline, at 2nd, 3rd, 4th, 5th, 6th, 7th, 8th, and 9th year were, respectively, 4336, 4249, 

4061, 3865, 3640, 3413, 3219, 3028, 2727, and 883
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Table 2

Pearson’s correlation coefficients of potential covariates, average daily intake of selected foods, beverages, the 

alternate Mediterranean (aMED) score, and the dietary inflammatory index (DII) score in 4336 participants to 

the COSMOS study, 2004–2005

Baseline characteristics DII score

Age (years) 0.087*

Male gender −0.043*

Educationa 0.009

Body mass indexa (kg/m2) −0.077*

Current smoking status 0.053*

Pack-years 0.040*

Baseline risk probabilityb 0.084*

Total energy intake (kcal) −0.660*

Fruits and vegetable (g/day) −0.772*

Olive oil (g/day) −0.670*

Fish (g/day) −0.348*

Red meat (g/day) −0.262*

aMED score −0.513*

*
p < 0.001

a
Education is missing for 286 participants and body mass index for 35 participants

b
based on age, sex, smoking duration, smoking intensity, years of smoking cessation, and asbestos exposure
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