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The inflammatory potential of Argentinian diet and oral squamous cell carcinoma
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Abstract

Introduction: the goal of this study was to evaluate whether an association exists between dietary components related to inflammation and oral
squamous cell carcinoma (OSCC) in Argentina.

Methods: a case-control study was carried out with 3 controls for each case and participants of both genders who were between 24 and
85 years of age, who were recruited at the outpatient clinic, Odontology School, Universidad Nacional de Cdrdoba, between 2012 and 2015.
Dietary information was collected using a semi-quantitative food frequency questionnaire from which energy-adjusted Dietary Inflammatory Index
(E-DI™) scores were computed. Logistic regression models were fit to assess the association between E-DIl and OSCC.

Results: significantly higher intakes of macronutrients such as fat, protein and cholesterol, and of micronutrients such as iron, riboflavin,
monounsaturated, polyunsaturated, omega-6 and omega-3 fatty acids, and vitamin B6 were observed in cases as compared to controls (all
p < 0.05). We also observed a significant 69% increase in OSCC for each point on the E-DIl scale (OR 1.69, 95% CI [1.18-2.43]) after adjusting
for alcohol and tobacco consumption.

Conclusion: we found an association between diet-associated inflammation, as represented by the E-DII, and risk of OSCC. Future research
should be directed at deepening our understanding of this association in other populations, and should include studies utilizing prospective designs.

Resumen

Introduccion: el objetivo de este estudio fue evaluar la asociacion entre los componentes de la dieta relacionados con la inflamacion y el
carcinoma oral de células escamosas (OSCC) en Argentina.

Métodos: estudio de casos y controles con 3 controles para cada caso y participantes de ambos sexos, con edades comprendidas entre 24 y
85 afos, que fueron atendidos por demanda espontanea en los Consultorios Externos de la Facultad de Odontologia de la Universidad Nacional
de Cordoba entre 2012 y 2015. La informacion sobre la dieta se recopild mediante un cuestionario semicuantitativo de frecuencia alimentaria,
a partir del cual se calcularon las puntuaciones del Indice Inflamatorio Dietético (E-DII®), ajustado por energia. Se utilizd un modelo de regresion
logistica para evaluar la asociacion entre el E-DIl y el 0SCC.

Resultados: en los casos se observaron ingestas de macronutrientes como grasas, proteinas y colesterol, y de micronutrientes como hierro,
riboflavina, cidos grasos monoinsaturados, poliinsaturados, omega-6 y omega-3, y vitamina B6 significativamente mas altas que en los controles
(p < 0,05). También observamos un aumento significativo del 69% en el 0SCC por cada punto en la escala E-DII (OR 1,69, IC 95% [1,18-2,43)])
después de ajustar el consumo de alcohol y tabaco.

Conclusion: nuestros resultados mostraron una asociacion entre la inflamacion asociada a la dieta, representada por el E-DII, y el riesgo de
0SCC. La investigacion futura deberd dirigirse a profundizar en la comprension de esta asociacion en otras poblaciones, incluyendo estudios
que utilicen disefos prospectivos.
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INTRODUCTION

Oral cancer (OC) is the sixth most prevalent human cancer in the
world and in Latin America (1,2). Globally, the vast majority of these
are oral squamous cell carcinomas (OSCC) (1). OC is associated with
high morbidity and low survival rates. Most cancers, including OC,
have complex pathologies, and their incidence and survival are clo-
sely related to the social, cultural and socio-economic determinants
of health (3,4). Some of these factors, such as diet, are modifiable (5).

Controversies abound in epidemiological studies on the rela-
tionship of diet and oral carcinogenesis (5,6). Many studies in-
dicate that red meat intake or a diet poor in fruit and vegetables
could increase the risk of different cancers such as 0SCC (6),
probably because certain dietary components are related to in-
flammatory processes (7). Chronic local inflammation is known
to disturb homeostatic control in cell signaling pathways, which
may transform normal cells to become premalignant or malignant.
In some kinds of cancer, an inflammatory environment is present
before malignant change occurs (8). However, in other kinds of
cancer, malignant change induces an inflammatory environment
around a primary lesion and promotes tumor development (9).
Inflammatory processes are known to play a major role at different
stages of tumorigenesis (9), and chronic inflammation predisposes
to develop cancer (10). There is evidence that various dietary
components could lead to chronic inflammation (11). For this re-
ason, it is interesting to evaluate the association between dietary
inflammatory potential and OSCC.

Researchers at the University of South Carolina’s Cancer Pre-
vention and Control Program have developed a tool called the Die-
tary Inflammatory Index (DII®) to measure the overall inflammatory
potential of any individual’s diet (12). The DIl has been validated
in numerous studies and has been shown to be associated with
different kinds of cancers and other diseases (12-15). However,
there are few studies on the association between DIl and 0C
(16), and this relation has not yet been studied in Argentinian
people with OSCC. Hence, the aim of this study was to evaluate
if there is an association between dietary inflammatory potential
and OSCC in adult patients. The results of this study could have
direct applicability in programs to prevent 0SCC.

MATERIAL AND METHODS

A case-control study with controls in a 3:1 ratio to cases and
representing both genders was carried out between 2012 and
2015. The clinical examination of the oral cavity was performed by
previously trained dentists. Lifestyle habits were assessed using the
criteria by Secchi et al. 2015 (6). The medical, dental characteristics
and dietary intake data were collected in a unique clinical record.

All cases (n = 27) were < 85 years old at diagnosis (age range,
23-83 years; mean, 59 years) and were recruited at the outpatient
clinic, Odontology School, Universidad Nacional de Cérdoba, Argen-
tina. A total of 27 patients, newly diagnosed by histopathological
analysis and classified by the International Classification of Disea-
ses (ICD-10) codes COO0 to C14, were considered eligible for the
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study. Controls (n = 86) were enrolled in the same period and at
the same clinic as cases. They presented at the time of the survey
with @ mean age of 59 years and an age range between 21 and
86 years. They did not have any neoplastic diseases, and they did
not report changes in their dietary habits or other relevant habits
such as smoking and drinking for a period of no less than 5 years.
They were matched by gender and age (+ 5-years) with cases.

Additional risk factors were assessed according to the following cri-
teria: smoker. current consumption of at least one cigarettetlay over a
1-year minimal period; alcohol: current consumption of 2 drinksAveek
over a 1-year minimal period. The workplace (e.g., occupational ex-
posure to carcinogens) presents possible risks in industries such as
textiles, rubber, coal, dyes, leather, herbicides, automotive, plastics
and chemicals. Age was categorized as < 45 years and > 45 years.
The E-DII score was considered a continuous variable or categorized
into tertiles based on cutpoints among controls. Age was fit as a
continuous variable. Body mass index, calculated as BMI = weight
(kg)/height (m)? was categorized into < 25 or > 25 kg/m? according to
World Health Organization criteria (https://www.who.int/news-room/
fact-sheets/detail/obesity-and-overweight). Education was classified
as primary, secondary, tertiary, and university.

DIETARY ASSESSMENT

A 127-item food frequency questionnaire (FFQ), validated by
Navarro et al., 2001 (17), was administered to cases and controls
by trained nutritionists at the stomatology clinic after clinical exa-
mination and histopathological confirmation of clinical diagnosis.

This questionnaire includes two sections: a) bio-socio-cultu-
ral characteristics, anthropometric measurements, and lifestyle;
b) food intake, evaluating dietary exposure in the 5 years prior to
diagnosis for cases, and before interview for controls. Additionally,
a photographic food atlas, also validated by Navarro et al., 2000
(18), was used, and nutritional composition was estimated using
the Nutrio 1.2 sofware package (19).

DIETARY INFLAMMATORY INDEX
ASSESSMENT

Details of the steps involved in the DIl calculation are described
elsewhere (20,21). In order to compute the DIl score, the dietary
information for each study participant was first linked to the regionally
representative database, which provided a robust estimate of a
mean and standard deviation for each of the 45 parameters (i.e.,
foods, nutrients, and other food components) considered in the
DIl definition (20,21). These parameters were then used to derive
the subject’s exposure relative to a standard global mean as a
z-score, by subtracting the mean of the regionally representative
database from the amount reported, and dividing this value by the
parameter’s standard deviation. To minimize the effect of “right
skewing”, this value was converted to a centred percentile score,
which was computed by doubling the raw percentile score and then
subtracting 1. This score was then multiplied by the respective food
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parameter effect score (derived from a literature review of 1943
articles) (21). All of these food parameter-specific DIl scores were
then summed to create the overall DIl score for every subject in
the study. The energy adjusted-DIl (E-Dll) was calculated per 1000
kcal using methods paralleling those of the DI, but relied on an
energy-adjusted global database. A higher E-DII score indicates
a pro-inflammatory diet rich in calorie-dense nutrients such as
saturated fat and total cholesterol; a lower E-Dll score indicates that
the diet is more anti-inflammatory, rich in nutrients such as vitamins,
minerals, and a variety of other antioxidant compounds (16,22).

ETHICAL ASPECTS

This study was approved by the Research and Ethics Committee
of the Ministry of Health of the Province of Cordoba (No. 1378), and
all subjects signed informed consent forms. Patients who were un-
der therapeutic medication such as corticosteroids or chemotherapy
drugs that modify or alter the clinical behavior of malignant oral le-
sions were excluded. Patients diagnosed with other cancers, systemic
diseases, chronic alcoholism or drug addictions were also excluded.

STATISTICAL ANALYSIS

Quantitative data were statistically described using mean +
standard error and median values. Qualitative variables were

described as relative/absolute frequencies. The Mann-Whitney
test for testing the hypothesis that median consumption is equal
between cases and controls was performed because continuous
data were not normally distributed. The measures of association,
the odds ratio (OR) and its 95% confidence interval (95% Cl),
were estimated by fitting the logistic regression model between
the presence of disease and the E-DII score, while controlling for
potential confounders. For all tests, statistical significance was
setat p < 0.05 (2-sided). The Stata Statistical Software package,
version 13 (Stata Corp LP -2014- College Station, TX 77845,
USA), was used for all analyses.

RESULTS

Patients with OSCC presented with lesions in various oral ca-
vity sites: tongue (42.1%), palate (6.3%), lip (9.6%), oral mucosa
(16.2%), gum (16.2%), and floor of the mouth (9.6%). Most of
the patients were diagnosed within one year of the first symptoms
appearing (80%). Cases and controls showed similar distributions
of bio-demographic characteristics such as BMI. They were mat-
ched on age and gender (Table ).

Cases had a significantly higher intake of fat and protein as
compared to controls (Table Il). Other dietary components such as
cholesterol, iron, monosaturated fatty acids (MUFA), polyunsatura-
ted fatty acids (PUFA), omega-6 fatty acids, omega-3 fatty acids,
selenium, vitamin BG, and vitamin E were significantly higher in

Table I. Bio-demographic and risk factor characteristics studied.
Absolute and relative % frequencies (RF calculated over total of controls or cases)

Control Case 95% CI P
Characteristics Categories (n = 86) (n=27) (Fisher
FA (FR%) | FA(FR%) | OB | LB | UB | "sost)
Gender Male 46 (53.5) 15 (55.9) Reference category
Female 40 (46.5) 12(444) [132]045]387 | 062
Age < 45 years 16 (18.6) 4 (14.8) Reference category
> 45 years 69 (81.4) 23852 |136]032]581 ] 067
Bio- Primary 36 (41.8) 13 (48.1) Reference category
demography Education Secondary 24 (27.9) 7 (25.9) 095 | 0.27 | 3.33 | 0.93
Tertiary 12 (13.9) 2 (7.4) 0.43 | 0.06 | 3.21 0.41
University 14 (16.3) 5(18.5) 0.81] 021 | 31 0.76
B <25 28 (32.6) 11 (40.7) Reference category
> 25 53 (61.6) 16(593) [1.30] 054 [314] 057
Smoker? Never/ex 56 (65.1) 17 (63.0) Reference category
Current 30 (34.9) 10(37.0) |064]019]215] 047
) . Never/ex 56 (65.1) 15 (55.5) Reference category
Risk factors | Alcohol consumption® Current 30 34.9) 1244.4) T | 037 | 39 | 075
Worké Never 73 (84.9) 20 (74.1) Reference category
Current and at least more than 5 years | 13 (15.1) 7(259 |238]068]835] 0.18

"Body mass index (BM)): weight (kg)/height (m)’. 2Smoker: current consumption of at least one cigarettetday over a 1-year minimal period. *Alcohol: current
consumption of 2 drinkstweek over a 1-year minimal period. *Work: one or more years of exposure to carcinogens considered a risk factor at work in industries such as

textiles, rubber, leather, herbicides, automotive, plastic, and chemicals by IARC. p-values < 0.05 indicate statistical significance.

[Nutr Hosp 2019;36(6):1361-1367]




1364

D. G. Secchi et al.

Table Il. Macronutrients and micronutrients including estimation of energy-adjusted dietary
inflammatory index (E-DIl) scores in cases and controls

Dietary Control Case
i:c;:ldpe(:jniintt:e n-f (=20 P {Mann-
E-DII Mean SE Median Mean SE Median Whitney)®
(n=113)

Carbohydrates (g/day) 305.3 133.7 280.9 343.2 109.9 334.4 0.09
Proteins (g/day) 107.9 43.00 96.30 129.42 47.85 118.1 0.03
Fat (g/day) 112.3 62.89 94.90 167.22 103.39 141.4 0.006
Energy (cal/day) 2766.9 1165.92 2462.74 3476.72 1305.84 3515.9 0.006
Cholesterol (mg/day) 415.3 207.56 376.75 529.75 235.88 520.41 0.02
Iron (mg/day) 18.65 7.87 17.58 23.2 9.63 21.04 0.02
Vitamin A (g/day) 1404 1043 1039 1672 927.1 1735 0.11
Riboflavin (mg/day) 2.1 0.93 1.94 2.39 1.02 2.04 0.23
Vitamin B6 (mg/day) 1.29 0.6 1.25 1.57 0.59 1.35 0.02
Vitamin C (mg/day) 187.3 132.9 156.1 197.9 176.3 124.4 0.88
Vitamin E (mg/day) 6.21 4.14 4.85 10.66 8.06 843 0.002
Selenium (ug/day) 106.6 51.88 95.87 142.98 47.34 145.7 0.001
Zinc (mg/day) 11500 6546 8849 13506 6958 11616 0.08
Ethanol (g/day) 13.13 23.62 1.99 32.32 56.47 0.9 0.98
Fiber (g/day) 15.41 6.58 15.5 17.53 6.06 16.62 0.089
Tea (cc/day) 66.28 127.41 0.00 62.35 115.6 0 0.67
Omega-3 (g/day) 1.54 0.89 1.26 232 1.43 1.59 0.01
Omega-6 (g/day) 12.11 6.51 10.51 23.91 21.47 16.85 0.001
Saturated fat (g/day) 47.31 28.91 39.04 60.56 33.12 55.33 0.02
Garlic (g/day) 0.03 0.14 0 0.04 017 0 0.94
Onion (g/day) 10.7 10.46 714 11.23 14 3.57 0.26
MUFA (g/day) 42.81 25.26 35 59.99 36.61 48.33 0.007
PUFA (g/day) 13.64 7.18 12.12 26.23 22.56 17.9 0.0007
Caffeine (mg/day) 162.2 1371 116.2 154.8 196.5 86.25 0.19
Omega-6/omega-3 ratio 8.49 3.9 7.47 10.44 4.87 8.94 0.03

MUFA: monosaturated fatty acid; PUFA: polyunsaturated fatty acid. *Mann-Whitney U-test for proving Ho: median values are equal between cases and controls. Bold

letters indicate statistical significance at p < 0.05.
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Table lll. The relationship between E-DIl scores and oral squamous cell carcinoma from a
logistic regression model

E-DII Population | Crude OR (95% CI) p-value Adjg;ted (95% CI) p-value
Continuous 113 1.68 (1.20-2.35) 0.003* 1.69 (1.18-2.43) 0.0029*
T1(<0.37) 48/113 1 (Ref.) 1 (Ref.)

T2 (0.37-1.69) 34/113 2.53 (0.92-6.96) 0.07 2.74 (0.97-3.60) 0.06
T3 (>1.69) 31113 19.66 (2.47-56.50) 0.005* 18.46 (2.28-149.72) 0.003*

OR: odds ratio, Cl: confidence interval. aT1: DIl values lower than the 1st tertile; T2: E-Dil values between 2nd and 3rd tertile; T3: E-DIl values higher than 3rd tertile.
Categories based on E-Dil tertiles of controls. Adjusted by alcohol and tobacco consumption. *Indicates statistical significance at p < 0.05.

cases than in the control group (Table Il). The ratio of omega-6/
omega-3 fatty acids in controls (average, 8.49 + 3.9) was signi-
ficantly lower than in cases (average, 10.44 = 4.9) (p = 0.025,
Mann Whitney test) (Table ).

The median E-DIl score was 0.81, with a range of -2.24 to
+3.72 across the entire population. A significant association was
observed between E-DII (continuous) and OSCC by logistic regres-
sion (OR 1.69, 95% CI [1.18-2.43]) after adjusting for alcohol and
tobacco consumption, the two main parameters recognized as risk
factors for oral cancer (Table lll). A similar result was observed with
E-DII categories based on tertiles (Table Ill).

DISCUSSION

The results of this study showed that OSCC cases had signifi-
cantly higher daily intakes of fat and protein than control subjects.
It has previously been shown that factors such as growth hormo-
nes and estrogen can modify metabolic factors, adipocytokine,
low-grade inflammation, and cellular oxidative stress levels, and
can also result in alterations of the microbiome, which may even-
tually lead to carcinogenesis (23). It has been demonstrated that
NF«B signaling and expression of COX-2, TNFo and IL-1p are
all increased in the mammary glands and visceral fat of obese
female mice obtained through genetic and diet-induced obesity
models; these molecules participate in processes associated with
chronic inflammation and have been linked to various epithelial
malignancies (24).

A significantly higher intake of iron was observed in cases with
0SCC vs. controls in this study. This observation matches other
studies, demonstrating a relationship between this micronutrient
and the presence of multiple cancer types, such as lung cancer,
breast cancer, prostate cancer, colorectal cancer, hepatocellular
cancer, pancreatic cancer, hematological cancer, renal cell car-
cinoma, and melanoma (6,25). One explanation is that iron has
important functions in mammalian cells, such as cell proliferation,
metabolism and growth (6,25). Iron- and heme-containing prote-
ins, including the enzymes involved in DNA stability and cell cycle
progression, the mitochondrial enzymes implicated in respiratory
complexes, and detoxifying enzymes such as peroxidase and
catalase, control these processes (25). For example, heme-iron
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can promote endogenous production of nitrous compounds and
catalyze free radical formation, leading to oxidative cell damage
(25). Iron is one of the pro-inflammatory components in the DII.

A high intake of omega-6 and PUFA was observed in this study
in patients with OSCC compared with control subjects. Omega-6
metabolism produces arachidonic acid (AA), which makes inflam-
matory prostaglandins and lipoxins by oxidation. In contrast, sour-
ces of omega-3 have anti-inflammatory activities (26). There is
evidence that food components such as a-linolenic acid, omega-3
and omega-6 PUFAs, conjugated linoleic acid, butyrate, curcumin,
resveratrol, genistein, vitamin A, vitamin D, etc., can regulate in-
flammatory processes (26,27).

Our results showed a higher ratio of omega-6 to omega-3 fa-
tty acids in oral cancer patients. Our previous experimental work
showed that tumors of DMBA-induced mice fed chia oil (enriched
omega-3) reduced the m-6/w-3 ratio and decreased tumor develo-
pment (28). The relationship between omega-6 and omega-3 could
modify the action of carcinogenic factors and decrease the risk of
oral cancer development (28). In Western populations the w-6/w-3
ratio varies from 10:1 to 20-25:1, while in populations such as the
Japanese this ratio is much lower, i.e., around 4:1 (29). In vivoand in
vitro animal studies have shown that the balance between w-6 and
-3 PUFAs has an impact on the development of cancers such as
prostate cancer (29). In human feeding studies with fish or fish oil,
EPA and DHA partially replace w-6 PUFAS, especially AA, probably
in the membranes of all cells (27). Given that in Western diets the
amount of w-6 is greater than in other populations, eicosanoids
obtained from the metabolic pathway of AA are present in greater
quantities than those produced by w-3 PUFAs (28). It is known that
LA and ALA are not exchangeable compounds that compete for
A6-desaturase, an enzyme that participates in the elongation of
the hydrocarbon chains of PUFAs. In addition, it is known that the
activity of desaturases A6 and A5 is the main factor controlling the
conversion of dietary LA to AA (28).

In our study we also observed that selenium (Se) intake was
increased in patients with OSCC. Experiments in vivo, in vitro, and
in healthy persons have shown that Se is involved in the regulation
of epigenetic mechanisms (30). These studies have determined
that high exposure to Se leads to inhibition of DNA methyltransfe-
rase activity, and affects methylation of specific tumor suppressor
genes, among other pathways studied (30).



1366

Several of the dietary components observed in this study par-
ticipate in epigenetic events. These include vitamin B6, omega-6
and omega-3 PUFAs, and Se, among others. The dietary mo-
dulation of the epigenome is related to the processes involving
the metabolism of one-carbon moieties. Methylation reactions
catalyzed by methyltransferases depend on a set of methyl-S-ade-
nosylmethionine (SAM) amino acids in the human body. Methyl-te-
trafolate is a methyl donor group that converts homocysteine to
methionine (30). Methionine activates SAM by means of methio-
nine-adenosyltransferase, adding a methylated cytosine group.
This addition of the methyl group is a complex process that can
be affected by several dietary factors including folate, methionine,
and several B vitamins (B2, B6 and B12). This is why the factors
consumed in the diet that are related to the methyl group can
participate in epigenetic changes (31,32).

Our study showed a relationship between E-DIl and risk of
O0SCC. Other cancers such as gastric, prostate and colorectal
cancer also have evinced this relationship (33-35). It is known
that inflammation is associated with the development of most
cancers; and the inflammatory tumor microenvironment is related
to several factors such as infections, tobacco smoking, and exces-
sive alcohol consumption, all of which increase cancer risk and
encourage malignant progression (1,6,8). In a study conducted
in Japan a positive association was observed between increasing
E-DIl scores and overall upper aerodigestive tract cancers, as
well as across anatomic subsites. For upper aerodigestive tract
cancers the OR,, ., was 1.73 (95% Cl: 1.37-2.20); for head and
neck cancer the OR,, .., was 1.92 (95% Cl: 1.42-2.59); and for
esophageal cancer the OR, ., was 1.71 (95% Cl: 1.54-1.90).
The risks for hypopharyngeal and nasopharyngeal cancers were
greatly elevated: OR, .., = 4.05 (95% Cl: 1.24-13.25) for hypo-
pharyngeal cancer and OR, .., = 4.99 (95% Cl: 1.14-21.79) for
nasopharyngeal cancer (36).

The limitations of the present study include a small number
of cases. The small sample size might result in unstable risk es-
timates with wide confidence intervals. In addition, the range of
E-DIl scores was much narrower than seen in other studies (i.e.,
~6 compared to =11) (37). Another limitation includes the retros-
pective character of the case-control design, which is prone to
both selection and information biases (38,39).

In conclusion, our results are inconsistent with the null hypo-
thesis of no association between DIl and OSCC, suggesting that
the inflammatory components of daily diet could be involved in the
development of OSCC. These results are consistent with the biolo-
gical mechanisms described in both experimental and observational
studies in OSCC and other types of cancers. There is a need for fu-
ture research on this topic, including larger studies, especially those
with prospective design, to explore the association between dietary
inflammatory potential and oral premalignant and malignant lesions.
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