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Abstract: Background: Chronic inflammation is implicated in the development of colorectal cancer
(CRC) and its precursor; colorectal adenomatous polyps (CAP). Some dietary factors are important
triggers for systemic inflammation. Therefore, the present study aimed to investigate the association
between the dietary inflammatory index (DII®) and the risk of CRC and CAP in an Iranian case-control
study. Methods: 134 newly diagnosed CRC patients, 130 newly diagnosed CAP patients, and
240 hospitalized controls were recruited using convenience sampling. Energy-adjusted DII (E-DII)
scores were computed based on dietary intake assessed using a reproducible and valid 148-item
food frequency questionnaire. Logistic regression models were used to estimate odds ratios (ORs)
and 95% confidence intervals (CI) after adjusting for confounders. Results: The E-DII score ranged
between −4.23 (the most anti-inflammatory score) to +3.89 (the most pro-inflammatory score).
The multivariable-adjusted ORs for participants in the 3rd tertile compared to the 1st tertile was
5.08 (95%CI: 2.70–9.56; P-trend < 0.0001) for CRC and 2.33 (95% CI: 1.30–4.02; P-trend = 0.005) for
CAP. Conclusions: Our findings suggest that more pro-inflammatory diets, indicated by higher
E-DII scores, might increase the risk of both CRC and CAP. Future steps should include testing these
associations in a prospective setting in Iran.
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1. Introduction

As per the GLOBOCAN [i.e., International Agency for Research on Cancer (IARC)] 2018 data,
it is estimated that 1.8 million cases of colorectal cancer were diagnosed in 2018. Colorectal cancer
(CRC) is the 3rd most common and the 4th most deadly cancer worldwide [1]. CRC is the 3rd and 4th
most common cancer in Iranian females and males, respectively [2,3]. CRC is a multi-factorial chronic
disease. Several modifiable factors (such as diet, cigarette smoking, physical inactivity, obesity and use
of certain medications.) and non-modifiable factors (including age, gender, race, familial adenomatous
polyposis, hereditary nonpolyposis colorectal cancer) can affect the risk of this cancer [4–7].

Inflammation usually occurs as part of the normal response to tissue insult or injury [8]. A significant
body of evidence suggests that chronic inflammation and associated conditions such as inflammatory bowel
disease play a central role in CRC and colorectal adenomatous polyps (CAP) pathogenesis by stimulating
cell proliferation, angiogenesis and DNA damage [9–11]. Several mechanisms including increasing
insulin resistance [12], and activation of the COX-2 pathway could provide ways to express diet-related
inflammation in CRC and CAP [13]. Diet is a strong predictor of both inflammation and CRC [14–18].
Consumption of fruit, vegetables, fiber and moderate alcohol intake can decrease inflammation, whereas
high consumption of red meat, processed meat and fat increase inflammation [19–22].

The dietary inflammatory index (DII®) is a literature-derived, population-based index that was
developed to predict the inflammatory potential of diet [23,24]. The DII has been validated with various
inflammatory markers, including C-reactive protein [17,24], interleukin-6 [25], and homocysteine [25].
The relationship between the DII and CRC has been established previously [10,11,19,26]], but only a few
studies have examined the association between the DII and CRC in Middle Eastern countries [26,27].
It is well known that CAP are known precursors of CRC [28], Despite this, few studies have investigated
the relationship between dietary factors and CAP [29–31]. To our knowledge, two previous studies in
the US have examined the association between energy-adjusted DII (E-DII) and colorectal adenomas,
but results were inconsistent [32,33]. Furthermore, no previous study has assessed the relationship
between energy-adjusted DII (E-DII) and the risk of CAP. Thus, the aim of this study is to examine the
relationship between E-DII and the risk of CRC and CAP in a case-control study in Iran.

2. Materials and Methods

2.1. Participants

This hospital-based case-control study was carried out in three referral hospitals in Tehran (capital
of Iran). CAP cases were asymptomatic individuals, age 39–70 years, referred by their physicians
for routine screening, rectal bleeding or having positive routine fecal occult blood test. A total of
134 patients undergoing colonoscopy and found to have pathologically confirmed CAP were recruited.
CRC cases were patients undergoing colonoscopy and found to have a pathologically confirmed
malignancy. They also were 30 to 79 years of age, diagnosed in the 3 months prior to the interview,
and had no previous diagnosis of any other type of cancer or CAP (n = 139). Controls were enrolled
randomly from among patients admitted to the same hospitals, at the same time as cases. Controls
also were 30 to 70 years of age, with no diagnosis of neoplastic condition and were not on a special
diet (n = 268). Controls were frequency matched on age (±10 years) and sex with cases. Of enrolled
cases and controls, 28 controls and 5 CRC and 4 CAP cases were excluded because of incomplete food
frequency questionnaires or extreme energy intake estimates that reflected careless completion of the
dietary questionnaire (below or above the mean ±3 standard deviations for loge-transformed calories,
see Supplementary Figure S1).

2.2. Inclusion and Exclusion Criteria

Inclusion criteria included the following: 1—Having no special diet that could influence the
patient’s weight; 2—Absence of malignancy (any for the control or CAP group, prior cancer for the CRC
group); 3—To be in age range of 20 to 70 years; 4—Willingness to participate in the study. Exclusion
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criteria included the following: 1—Pregnancy or lactation 2—Past medical history of malignancy
or CAP.

2.3. Assessment of Dietary Intake

In this study, dietary intakes of participants over the past year were evaluated using a validated
semi-quantitative food frequency questionnaire (FFQ) consisting of 148 food items [34]. Participants
were provided with response categories for their frequency of consumption of each food item (daily,
weekly, monthly and yearly) based on a standard portion size for each food item and then each
participant’s reported intake was converted to weight equivalents (i.e., g, mg, ug) per day. The DII
score was calculated using the method previously reported by Shivappa et al. [24]. Briefly, the scoring
algorithm was based on extensive review of the literature published from 1950 through 2010, which
focused on the effect of diet on six inflammatory biomarkers (IL-1β, IL-4, IL-6, IL-10, TNF-α, and CRP).
A total of 45 food parameters, including macronutrients and micronutrients, were identified through
the search and scored according to whether they increased (+1), decreased (−1), or had no effect (0) on
these inflammatory biomarkers. These scores were weighted based on study design and were called
inflammatory effect scores. To avoid the arbitrariness resulting from simply using raw consumption
amounts, intakes of foods and nutrition were standardized to a representative range of dietary intakes
based on actual human consumption in 11 populations living in different countries across the world
that provided an estimate of a mean and standard deviation for each parameter.

To compute the energy adjusted DII (E-DII) scores we converted all reported intakes of the food
parameters to an amount per 1000 kcal of energy intake. This required using a version of the global
comparative database in which all parameters are expressed per 1000 kcal of energy [35]. These values
were then converted to a proportion (with values from 0 to 1). Each proportion was doubled, and
then 1 was subtracted to achieve a symmetrical distribution around a mean of ≈0. For each individual
food parameter, this score was then multiplied by the respective food parameter effect score, derived
from the literature review, in order to obtain a food parameter-specific DII score. All of the food
parameter-specific DII scores were then summed to create the overall DII score for every participant in
the study [36], DII = b1*n1+b2*n2...........b21*n21, where b refers to the literature-derived inflammatory
effects score for each of the evaluable food parameters and n refers to the food parameter-specific
centered percentiles, which were derived from the dietary data. A description of validation work,
including both dietary recalls and a structured questionnaire similar to an FFQ, also is available [37].
The methodology is depicted in Figure 1.

In a final step before analysis, tertiles of E-DII were created based on the baseline E-DII scores.
Tertile 1 represents diets with the most anti-inflammatory potential. Tertile 2 is intermediate and tertile
3 represents the most pro-inflammatory diet. To calculate the E-DII scores in this study data were
available for a total of 21 food parameters; i.e., all nutrients, including (carbohydrate, protein, total fat,
fiber, cholesterol, saturated fatty acid, monounsaturated fatty acid, polyunsaturated fatty acid, vitamin
A, vitamin B1, vitamin B2, vitamin B6, vitamin B12, vitamin C, vitamin D, vitamin E, folic acid, iron,
magnesium, zinc and selenium. Previously, the E-DII has been validated with several inflammatory
markers in various populations [25,35,38], including in Iran [39–41].
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Figure 1. Sequence of steps in creating the energy-adjusted dietary inflammatory index (E-DII) scores
in the Iranian colorectal cancer case-control study.

2.4. Assessment of Other Variables

All participants were interviewed to obtain information including socio-demographic
characteristics, family history of cancer, including CRC, smoking habit, past medical history
(comorbidities, medications and vitamin/mineral supplements intake) and usual cooking techniques.
Each participant’s standing height, without shoes, was measured with a sensitivity of 0.1 cm. Weight
was measured by a digital scale with 100 g sensitivity. All participants were asked to complete a
physical activity questionnaire and rate their daily activities such as walking, exercise, sleep, watching
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television, housework and job-related tasks. Total activity was reported for 1 day, and the metabolic
equivalent of tasks (METs) were calculated based on these reports.

2.5. Statistical Analysis

The Kolmogorov–Smirnoff test was used to evaluate whether or not the distributions of the
variables were normal. Mean values for cases and controls were compared using the Student’s t-test
and the means of more than two groups values were assessed using analysis of variance (ANOVA)
for normally distributed variables. Non-parametric statistics, including the Mann–Whitney U test
or Kruskal–Wallis test, were used for variables that were not normally distributed. The chi-square
test was used for comparing distribution of categorical variables. Binary logistic regression was used
to estimate odds ratios (ORs) and 95% confidence intervals (CIs) adjusted for multiple covariates in
different models. E-DII scores were analyzed as both continuous and as quartiles. Statistical tests were
performed using SPSS® software (SPSS Inc., Chicago, IL). Odds ratio (OR) and 95% confidence interval
(CI) were reported, and p-values <0.05 were considered statistically significant.

2.6. Ethical Approval

The protocol of the present study was approved by the Ethics Committee of Shahid Beheshti
University of Medical Sciences with the ethic code of IR.SBMU.NNFTRI.REC.1397.041.

3. Results

The E-DII scores in this study ranged from −4.23 (the most anti-inflammatory score) to +3.89 (the
most pro-inflammatory score). The socio-demographic and lifestyle characteristics of the subjects are
presented in Table 1. Cases with polyps were significantly more likely to have comorbidities such
as diabetes (p = 0.03), hypertension (p = 0.01) and coronary heart disease (p = 0.008)), less physical
activity (p = 0.003), consume fewer steam-cooked foods (p = 0.006), have lower salt intake (p = 0.002)
and higher daily intake of calcium supplements (p = 0.01) compared to controls. However, there were
no significant differences in other variables such as body mass index (BMI), smoking, family history of
cancer in first degree relatives, family history of colorectal cancer in first degree relatives, monthly
intake of Vitamin D supplements and energy intake between CAP patients and controls. Compared
with controls, patients with CRC were significantly more likely to have comorbidities such as diabetes
(p = 0.001) and coronary heart disease (p = 0.009). CRC patients also reported more frequent family
history of cancer in first-degree relatives (p = 0.001) and higher intake of salt (p = 0.002); however, they
consumed significantly fewer fried foods (p = 0.001), grilled foods (p = 0.02) and foods cooked using
multiple (i.e., combined) techniques (p = 0.001). There were no significant differences between CRC
patients and controls. Cases (both those with CRC and those with CAP) had significantly higher mean
E-DII scores compared to controls (p = 0.001).

Tertiles of E-DII, which ranged from −4.23 to + 3.89, were created based on the baseline E-DII.
Tertile 1 represents subjects with lowest inflammatory potential of diet, Tertile 2 is intermediate and
tertile 3 includes the participants with the highest inflammatory potential of diet.

Control characteristics across categories of E-DII are presented in Table 2. Participants in tertile 3
were significantly more likely to be diagnosed with diabetes (p = 0.001) and hypertension (p = 0.02).
Subjects in tertile 3 consumed significantly more fried food (p = 0.006) and less boiled foods (p = 0.001).
They also had significantly lower levels of physical activity (p < 0.001) and higher energy intake
(p < 0.001) compare to subjects in tertile 1.
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Table 1. The main characteristics of the participants, Iranian colorectal cancer (CRC) and colorectal
adenomatous polyps (CAP) case-control study, Tehran, 2017–2018.

Variables Controls (n = 240) CRC € (n = 134) CAP £ (n = 130) p-Value * p-Value †

Age (years) a,‡ 56 (50–61.75) 59 (49.25–64) 58 (51–64) 0.06 0.09
Gender (male) b,‡ 133 (55.4) 66 (51.2) 59 (45.4) 0.43 0.06

E-DII § c −0.90 (1.37) 00.00 (1.26) −0.41 (1.20) 0.001 0.001
BMI (kg/m2) a 26.53 (24.10–29.40) 39.30 (37.17−40.90) 26.79 (23.86–29.40) 0.23 0.95

Smoking (yes) b 42 (17.5) 26 (20.2) 27 (20.8) 0.53 0.11
Comorbidity(yes) b,¥ 41 (17.1) 21 (16.3) 40 (30.8) 0.84 0.002

Diabetes(yes) b 19 (7) 11 (10) 20 (30) 0.001 0.03
hypertension(yes) b 12 (8.3) 6 (4.3) 12 (39) 0.07 0.01

coronary heart disease(yes) b 10 (1.8) 4 (2) 8 (19) 0.009 0.008
Family history of cancer in
first degree relatives (yes) b 89 (32.9) 66 (51.2) 48 (36.9) 0.001 0.43

Family history of colorectal
cancer in first degree relatives

(yes) b
18 (7.5) 10 (7.8) 17 (13.1) 0.15 0.08

Common ways of cooking
food b

Fried 55 (22.9) 40 (31) 18 (13.8) 0.001 0.06
Boiled 81 (33.8) 41 (31.8) 34 (26.2) 0.75 0.82
Grilled 5 (2.1) 0 (0) 4 (3.1) 0.02 0.52

Steam cook 3 (1.3) 2 (1.6) 0 (0) 0.32 0.006
Combined 96 (40) 46 (35.7) 74 (56.9) 0.001 0.06

Level of salt intake b

Low 127 (52.9) 44 (34.1) 44 (34.1) 0.002 0.002
Normal 79 (32.9) 64 (49.6) 64 (49.6) 0.08 0.08

High 34 (14.2) 21 (16.3) 21 (16.3) 0.07 0.07
Physical activity (MET

Ψ/h/day) a 39.02 (36.51–41.33) 39.30 (37.17–40.90) 37.75(34.67−40.40) 0.85 0.003

Monthly intake of 50,000 IU
Vitamin D supplement (yes) b 56 (23.3) 28 (21.7) 40 (30.8) 0.72 0.11

Daily intake of 500 mg
Calcium supplement (yes) b 35 (14.6) 28 (21.7) 32 (24.6) 0.08 0.01

Energy intake (kcal/day) a 2282.28 2188.08 2204.02
0.35 0.35(1941.24−2662.76) (1843.91−2649.87) (1827.92−2774.53)

€ CRC = Colorectal cancer. £ CAP = Colorectal adenomatous polyp. § Energy-adjusted DII. Ψ Metabolic Equivalent
of Tasks a Mean (range). b Number (Percent). c Mean (SD). ‡ Matched variables of the study. * p-value between
CRC and controls, † p-value between CAP and controls. ¥ comorbidities are defined as diabetes, hypertension and
coronary heart disease. MET: Metabolic equivalent/independent sample t-test and Mann–Whitney were used for
continuous variables with normal distribution and non-normal distribution respectively and Chi-square was used
for categorical variables.

Odds ratios (ORs) and 95% confidence intervals (CIs) for the risk of CRC according to tertiles of
E-DII are provided in Table 3. Results obtained from the multivariable adjusted continuous E-DII in
relation to risk of CRC showed a significant positive (ORcontinuous = 1.71, 95% CI: 1.41–2.07). When
analysis was carried out with E-DII expressed as tertiles, subjects in the third (highest) tertile were five
times more likely to have CRC compared to subjects in the first (lowest) tertile (ORtertile 3 vs. 1 = 5.08,
95% CI: 2.70–9.56; P-trend < 0.0001).
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Table 2. Participant characteristics by tertile of the energy-adjusted dietary inflammatory index score
(E-DII) among controls, Iranian CRC and CAP case-control study, Tehran, 2017–2018.

Tertile 1 Tertile 2 Tertile 3
p-Value ¥

<−1.13 −1.13−0.03 >0.04

Age (years) a 57.76 (8.30) 53.21 (9.87) 52.76 (9.74) 0.06
Gender (male) b 58 (55.8) 47 (58) 28 (50.9) 0.71

Body mass index (BMI) (kg/m2) a 27.06 (4.12) 26.56 (3.69) 27.23 (4.22) 0.07
Current smoking(yes) b 17 (16.3) 16 (19.8) 9 (16.4) 0.8

Comorbidity (yes) †,b 5 (9.1) 13 (16.0) 23 (22.1) 0.11
Diabetes(yes) b 2 (3.2) 6 (8) 12 (11) 0.001

Hypertension(yes) b 2 (3.4) 4 (5) 8 (9) 0.02
Coronary heart disease(yes) b 1 (2.5.) 3 (2) 3 (2.1) 0.6

Family history of cancer in first
degree(yes) b 38 (36.5) 23 (28.4) 18 (32.7) 0.5

Colorectal cancer family history in
first-degree relative(yes) b 7 (6.7) 6 (7.4) 5 (9.1) 0.86

Common ways of cooking food b

Fried 9 (17.3) 20 (24.7) 26 (30.9) 0.006
Boiled 45 (43.3) 19 (23.5) 17 (30.9) 0.001
Grilled 2 (1.9) 3 (3.7) 0 (0) 0.2

Steam cook 1 (1.0) 1 (1.2) 1 (1.8) 0.69
Combined 38 (36.5) 38 (46.9) 20 (36.4) 0.07

Physical activity (METΨ/h/day) a 41.33 (13.04) 39.02 (7.28) 39.20 (4.77) <0.001
Monthly intake of 50,000 IU

Vitamin D supplement (yes) b 26 (25.0) 15 (18.5) 15 (27.3) 0.43

Daily intake of 500 mg Calcium
supplement (yes) b 14 (13.5) 10 (12.3) 11 (20.0) 0.42

Energy intake (kcal) a 2174 (510) 2336 (606) 2778 (847) <0.001
a Mean (SD). b Number (percent) ¥ p-value represent the difference between tertile 3 vs. tertile 1 of DII. †
Comorbidities are defined as diabetes, hypertension and coronary heart disease. Ψ Metabolic Equivalent of Tasks

Table 3. Odds ratios and 95% confidence intervals for the association between energy-adjusted DII
(E-DII) and CRC, Iranian CRC and CAP case-control Study, Tehran, 2017–2018.

E-DII
Tertiles of E-DII

P-Trend

Continuous
OR

95% CI
I II III

−4.23 to 3.89
<−1.13 −1.13–0.03 >0.04

N:
control/CRC 79/24 80/42 81/63

OR 95% CI OR 95% CI

Model 1 1.00 (ref) 2.43 1.339−4.43 5.48 3.03−9.92 .0001 1.67 1.40−2.00

Model 2 1.00 (ref) 2.64 1.40−4.99 5.08 2.70−9.56 .0001 1.71 1.41−2.07

Model 1. Adjusted for age and sex. Model 2. Adjusted for Age, Sex, Physical Activity, Level of salt intake, Diabetes,
Hypertension, Coronary heart disease, Smoking, Family history of cancer in first degree, Common ways of cooking
food and calcium supplement intake.

For the multivariable-adjusted model based on continuous of E-DII in relation to risk of CAP
provided in Table 4. The results showed a significant positive association (ORcontinuous = 1.30, 95%CI:
1.09–1.55). When analysis was performed using categorical E-DII (tertiles of E-DII) the highest tertile
of E-DII versus to the lowest tertile showed significant positive association for the risk of CAP
(ORtertile 3 vs. 1 = 2.33, 95% CI: 1.30–4.02; P-trend = 0.005).
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Table 4. Odds ratios and 95% confidence intervals for the association between Energy-adjusted DII
(E-DII) and CAP, Iranian CRC and CAP Case-Control Study, Tehran, 2017–2018.

E-DII
Tertiles of E-DII P-Trend Continuous

OR 95% CI

I II III
−4.23–3.89

<−1.13 −1.13–0.03 >0.04

N:
control/polyp 79/39 80/43 81/48

OR 95% CI OR 95% CI

Model 1 1.00 (ref) 1.54 0.90−2.63 2.39 1.39
−4.11 .002 1.33 1.13−1.58

Model 2 1.00 (ref) 1.46 0.82−2.58 2.33 1.30−4.02 .005 1.30 1.09−1.55

Model 1. Adjusted for age and sex. Model 2. Adjusted for Age, Sex, Physical Activity, Level of the salt intake,
Diabetes, Hypertension, Coronary heart disease, Smoking, Family history of cancer in first degree, common ways of
cooking food and calcium supplement intake.

4. Discussion

Our results show that adherence to a pro-inflammatory diet, represented by increased E-DII
scores, increases the risk of both CRC and CAP. These associations remained significant even when
analyses were adjusted for known CRC and CAP risk factors. Previous studies that mainly evaluated
the association between DII scores and CRC have found similar results [10,11,19,26,42,43]. Our results
not only confirmed the results of previous studies, but also have shown that the E-DII, independent
of other risk factors, is associated with CAP and this is an important finding because adenomas are
thought to be important pre-cancerous conditions. These findings add to the evidence supporting a
causal relationship between increasing inflammatory potential of diet and risk of CRC.

Most previous studies have been conducted in Western countries. A recent meta-analysis
reported that a healthy dietary pattern decreased the risk of CRC, while a ‘Western-style’ and
‘alcohol-consumption’ patterns increase the risk [44]. A recent systematic review of the published
evidence on foods and beverages and colorectal cancer by the World Cancer Research Fund–American
Institute for Cancer Research (WCRF-AICR) reported that there was evidence that processed meat and
alcoholic drinks increase the risk of colorectal cancer. There also is evidence that red meat increases
risk, while dairy products, wholegrains and foods containing dietary fibre reduce the risk of CRC and
its precursors including CAP and a chronic state of colonic inflammation [45].

Finding a significant association between the E-DII and CRC/CAP in the Iranian population,
with their unique dietary pattern, suggests a pivotal role for diet-associated inflammation in the
development of CRC/CAP. Although the Iranian diet is in a transition from the traditional Iranian
pattern to the Western pattern, this transition is not yet complete. Moreover, due to the age of
our study population, study participants are likely to have consumed the traditional diet through
their childhood, adolescence and early adulthood. Our traditional diet consists of high intake of
carbohydrates and fried vegetables, relatively infrequent consumption of a variety of meat and oil
(which varies according to socioeconomic status) and, rarely, alcohol [46]. Thus, our population can
provide good contrasts for identifying associations between the dietary inflammation-associated intake
and various health outcomes.

The DII score and, by logical extension, the E-DII score are based on multiple components,
which include nutrients, food items and flavonoids, all of which have been shown to have an effect
on inflammation [47–49]. The most important anti-inflammatory components are polyphenols and
anti-oxidant foods, which have anti-inflammatory effect scores [26]. These anti-oxidant compounds
can produce anti-inflammatory effects, especially locally through the action of local microbiota [50].
Antioxidants also can inhibit cancer initiation and progression through reduction in free oxidative
agents such as reactive oxygen species (ROS) [51]. Phytochemical compounds of diet prevent colorectal
cancer cell growth inhibition of the activation of NF-κB pathway [52], and inhibition of the cell cycle [53].
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Another important component of the DII/E-DII score is dietary iron, which has pro-inflammatory
properties. Because iron can produce free radicals in the body, it can act as an oxidant, inducing DNA
damage in different cells, especially colonocytes because they have the most intimate contact with
dietary iron.

Processed and red meat are high in several inflammatory components such as proteins, total
fat, trans fat, cholesterol, vitamin B12, saturated fatty acids and iron. Several studies have reported
a positive association between processed and red meat consumption and risk of CRC [54]. Several
factors including high iron, fat and protein intake and polycyclic aromatic hydrocarbons (PAHs)
and heterocyclicamines (HCAs) have been suggested to explain this association [26,55–57]. High fat
consumption can stimulate the secretion of secondary bile acids, which promote tumorigenesis [55,58].
Moreover, high amounts of free fatty acids in the colonic lumen may damage the integrity of colonocytes,
which stimulates cellular proliferation leading to malignancy.

The DII score has the advantage of taking into account the totality of an individual’s diet so that the
higher score indicates higher diet-related inflammatory capacity of the entire diet. The mechanism by
which inflammation predisposes people to CRC has been explained previously [11,17,26]. It has been
shown that systemic inflammation induces insulin resistance because inflammatory cytokines such as
tumor necrosis factor-α (TNF-α) inhibits insulin receptors [59]. Insulin resistance can induce CRC and
CAPs through the growth-promoting effects of elevated insulin, glucose, or triglycerides [10]. Moreover,
activation of the cyclooxygenase-2 (COX-2) pathway may lead to focal proliferation, angiogenesis and
mutagenesis [26]. COX-2 can be up-regulated by inflammatory cytokines such as interlukine-6 (IL-6),
and down-regulated by anti-inflammatory dietary components of the DII.

This study has some limitations. Selection bias is inevitable in case-control studies; however, we
recruited consecutive cases and controls from the same referral hospital to reduce this bias. Recall bias
is another potential limitation inherent to the case-control design. Furthermore, we did not collect any
information regarding family history of CAP of the participants.

Despite its weaknesses, this study has various strengths. Using a reliable and validated FFQ [60]
helped us to reduce the measurement error. Another advantage is that we evaluated the association of
E-DII with both CRC and CAP risk at the same time. Considering these exposures simultaneously
increases confidence in inferring causality because CAP is a precursor condition for CRC. That these
associations remained significant after adjusting for known risk factors of CRC instills yet more
confidence in the result.

5. Conclusions

In conclusion, results from our study have shown that higher E-DII scores are associated with
higher risk of CRC and CAP. Further prospective studies, especially feeding trials, are recommended
to confirm our results.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/11/6/1213/s1,
Figure S1: Food Frequency Questionnaire.

Author Contributions: In this study, the author contributions are as follow: Conceptualization and methodology:
E.H. and A.H. formal analysis: N.S., J.R.H. and B.R. investigation: P.R., S.J.N. and A.B. resources: A.S., M.H. and
E.H. writing: P.R., E.H. and A.H. writing—review and editing: N.S., J.R.H. and B.R. visualization: A.S., M.H. and
E.H. supervision: A.H., A.S. and E.H. Project administration: E.H.

Funding: This research received no external funding.

Acknowledgments: We thank all study participants without whom this study was impossible. The study was
financially supported by Shahid Beheshti University of Medical Sciences.

Disclosure: James R. Hébert owns controlling interest in Connecting Health Innovations LLC (CHI), a company
that has licensed the right to his invention of the dietary inflammatory index (DII®) from the University of
South Carolina in order to develop computer and smart phone applications for patient counseling and dietary
intervention in clinical settings. Nitin Shivappa is an employee of CHI.

Conflicts of Interest: The authors declare no conflict of interest.

http://www.mdpi.com/2072-6643/11/6/1213/s1


Nutrients 2019, 11, 1213 10 of 13

References

1. Rawla, P.; Sunkara, T.; Barsouk, A. Epidemiology of colorectal cancer: Incidence, mortality, survival, and risk
factors. Gastroenterol. Rev. Prz. Gastroenterol. 2019, 13. [CrossRef]

2. Kolahdoozan, S.; Sadjadi, A.; Radmard, A.R.; Khademi, H. Five common cancers in Iran. Arch. Iran. Med.
2010, 13, 143–146. [PubMed]

3. Rafiemanesh, H.; Pakzad, R.; Abedi, M.; Kor, Y.; Moludi, J.; Towhidi, F.; Reza Makhsosi, B.; Salehiniya, H.
Colorectal cancer in Iran: Epidemiology and morphology trends. EXCLI J. 2016, 15, 738–744. [PubMed]

4. Amersi, F.; Agustin, M.; Ko, C.Y. Colorectal Cancer: Epidemiology, Risk Factors, and Health Services.
Clin. Colon Rectal Surg. 2005, 18, 133–140. [CrossRef] [PubMed]

5. Azadeh, S.; Moghimi-Dehkordi, B.; Fatem, S.R.; Pourhoseingholi, M.A.; Ghiasi, S.; Zali, M.R. Colorectal
cancer in Iran: An epidemiological study. Asian Pac. J. Cancer Prev. APJCP 2008, 9, 123–126.

6. Macrae, F.A. Colorectal cancer: Epidemiology, risk factors, and protective factors. UpToDate 2017, 68, 250–281.
[CrossRef]

7. Haggar, F.A.; Boushey, R.P. Colorectal Cancer Epidemiology: Incidence, Mortality, Survival, and Risk Factors.
Clin. Colon Rectal Surg. 2009, 22, 191–197. [CrossRef]

8. Keibel, A.; Singh, V.; Sharma, M.C. Inflammation, microenvironment, and the immune system in cancer
progression. Curr. Pharm. Des. 2009, 15, 1949–1955. [CrossRef] [PubMed]

9. Stanich, P.P.; Owens, V.L.; Sweetser, S.; Khambatta, S.; Smyrk, T.C.; Richardson, R.L.; Goetz, M.P.; Patnaik, M.M.
Colonic polyposis and neoplasia in Cowden syndrome. Mayo Clin. Proc. 2011, 86, 489–492. [CrossRef] [PubMed]

10. Shivappa, N.; Prizment, A.E.; Blair, C.K.; Jacobs, D.R., Jr.; Steck, S.E.; Hebert, J.R. Dietary inflammatory index
and risk of colorectal cancer in the Iowa Women’s Health Study. Cancer Epidemiol. Prev. Biomark. 2014, 23,
2383–2392. [CrossRef]

11. Cho, Y.A.; Lee, J.; Oh, J.H.; Shin, A.; Kim, J. Dietary Inflammatory Index and Risk of Colorectal Cancer: A
Case-Control Study in Korea. Nutrients 2016, 8, 469. [CrossRef] [PubMed]

12. Festa, A.; D’Agostino, R., Jr.; Howard, G.; Mykkanen, L.; Tracy, R.P.; Haffner, S.M. Chronic subclinical
inflammation as part of the insulin resistance syndrome: The Insulin Resistance Atherosclerosis Study (IRAS).
Circulation 2000, 102, 42–47. [CrossRef] [PubMed]

13. Triantafillidis, J.K.; Nasioulas, G.; Kosmidis, P.A. Colorectal cancer and inflammatory bowel disease:
Epidemiology, risk factors, mechanisms of carcinogenesis and prevention strategies. Anticancer Res. 2009, 29,
2727–2737.

14. Arnold, K.; Weinhold, K.R.; Andridge, R.; Johnson, K.; Orchard, T.S. Improving Diet Quality Is Associated
with Decreased Inflammation: Findings from a Pilot Intervention in Postmenopausal Women with Obesity.
J. Acad. Nutr. Diet. 2018, 118, 2135–2143. [CrossRef] [PubMed]

15. Barrea, L.; Marzullo, P.; Muscogiuri, G.; Di Somma, C.; Scacchi, M.; Orio, F.; Aimaretti, G.; Colao, A.;
Savastano, S. Source and amount of carbohydrate in the diet and inflammation in women with polycystic
ovary syndrome. Nutr. Res. Rev. 2018, 31, 291–301. [CrossRef]

16. Douros, K.; Thanopoulou, M.I.; Boutopoulou, B.; Papadopoulou, A.; Papadimitriou, A.; Fretzayas, A.;
Priftis, K.N. Adherence to the Mediterranean diet and inflammatory markers in children with asthma.
Allergol. Immunopathol. 2019, 47, 209–213. [CrossRef]

17. Shivappa, N.; Bonaccio, M.; Hebert, J.R.; Di Castelnuovo, A.; Costanzo, S.; Ruggiero, E.; Pounis, G.;
Donati, M.B.; de Gaetano, G.; Iacoviello, L. Association of proinflammatory diet with low-grade inflammation:
Results from the Moli-sani study. Nutrition 2018, 54, 182–188. [CrossRef]

18. Mattioli, A.V.; Farinetti, A.; Gelmini, R. The beneficial effect of Mediterranean diet on colorectal cancer. Int. J.
Cancer 2018, 145, 306. [CrossRef]

19. Wirth, M.D.; Shivappa, N.; Steck, S.E.; Hurley, T.G.; Hebert, J.R. The dietary inflammatory index is associated
with colorectal cancer in the National Institutes of Health-American Association of Retired Persons Diet and
Health Study. Br. J. Nutr. 2015, 113, 1819–1827. [CrossRef] [PubMed]

20. Parr, C.L.; Hjartaker, A.; Lund, E.; Veierod, M.B. Meat intake, cooking methods and risk of proximal colon,
distal colon and rectal cancer: The Norwegian Women and Cancer (NOWAC) cohort study. Int. J. Cancer
2013, 133, 1153–1163. [CrossRef] [PubMed]

http://dx.doi.org/10.5114/pg.2018.81072
http://www.ncbi.nlm.nih.gov/pubmed/20187669
http://www.ncbi.nlm.nih.gov/pubmed/28337105
http://dx.doi.org/10.1055/s-2005-916274
http://www.ncbi.nlm.nih.gov/pubmed/20011296
http://dx.doi.org/10.3322/caac.21457
http://dx.doi.org/10.1055/s-0029-1242458
http://dx.doi.org/10.2174/138161209788453167
http://www.ncbi.nlm.nih.gov/pubmed/19519435
http://dx.doi.org/10.4065/mcp.2010.0816
http://www.ncbi.nlm.nih.gov/pubmed/21628613
http://dx.doi.org/10.1158/1055-9965.EPI-14-0537
http://dx.doi.org/10.3390/nu8080469
http://www.ncbi.nlm.nih.gov/pubmed/27483316
http://dx.doi.org/10.1161/01.CIR.102.1.42
http://www.ncbi.nlm.nih.gov/pubmed/10880413
http://dx.doi.org/10.1016/j.jand.2018.05.014
http://www.ncbi.nlm.nih.gov/pubmed/30139630
http://dx.doi.org/10.1017/S0954422418000136
http://dx.doi.org/10.1016/j.aller.2018.04.007
http://dx.doi.org/10.1016/j.nut.2018.04.004
http://dx.doi.org/10.1002/ijc.32082
http://dx.doi.org/10.1017/S000711451500104X
http://www.ncbi.nlm.nih.gov/pubmed/25871645
http://dx.doi.org/10.1002/ijc.28101
http://www.ncbi.nlm.nih.gov/pubmed/23401013


Nutrients 2019, 11, 1213 11 of 13

21. Miller, P.E.; Lazarus, P.; Lesko, S.M.; Cross, A.J.; Sinha, R.; Laio, J.; Zhu, J.; Harper, G.; Muscat, J.E.;
Hartman, T.J. Meat-related compounds and colorectal cancer risk by anatomical subsite. Nutr. Cancer 2013,
65, 202–226. [CrossRef]

22. Song, M.; Garrett, W.S.; Chan, A.T. Nutrients, foods, and colorectal cancer prevention. Gastroenterology 2015,
148, 1244–1260. [CrossRef] [PubMed]

23. Cavicchia, P.P.; Steck, S.E.; Hurley, T.G.; Hussey, J.R.; Ma, Y.; Ockene, I.S.; Hébert, J.R. A New Dietary
Inflammatory Index Predicts Interval Changes in Serum High-Sensitivity C-Reactive Protein. J. Nutr. 2009,
139, 2365–2372. [CrossRef]

24. Shivappa, N.; Steck, S.E.; Hurley, T.G.; Hussey, J.R.; Ma, Y.; Ockene, I.S.; Tabung, F.; Hébert, J.R. A
population-based dietary inflammatory index predicts levels of C-reactive protein in the Seasonal Variation
of Blood Cholesterol Study (SEASONS). Public Health Nutr. 2014, 17, 1825–1833. [CrossRef]

25. Shivappa, N.; Hebert, J.R.; Rietzschel, E.R.; De Buyzere, M.L.; Langlois, M.; Debruyne, E.; Marcos, A.;
Huybrechts, I. Associations between dietary inflammatory index and inflammatory markers in the Asklepios
Study. Br. J. Nutr. 2015, 113, 665–671. [CrossRef] [PubMed]

26. Harmon, B.E.; Wirth, M.D.; Boushey, C.J.; Wilkens, L.R.; Draluck, E.; Shivappa, N.; Steck, S.E.; Hofseth, L.;
Haiman, C.A.; Le Marchand, L.; et al. The Dietary Inflammatory Index Is Associated with Colorectal Cancer
Risk in the Multiethnic Cohort. J. Nutr. 2017, 147, 430–438. [CrossRef]

27. Shivappa, N.; Hebert, J.R.; Steck, S.E.; Safari, A.; Sedaghat, F.; Rashidkhani, B. Dietary Inflammatory Index
and Odds of Colorectal Cancer in a Case- Control Study from Iran. Asian Pac. J. Cancer Prev. APJCP 2018, 19,
1999–2006.

28. Winawer, S.J. Natural history of colorectal cancer. Am. J. Med. 1999, 106, 3–6. [CrossRef]
29. Makambi, K.H.; Agurs-Collins, T.; Gbebry, M.B.; Rosenberg, L.; Palmer, J.R.; Adams-Campbell, L.L. Dietary

patterns and the risk of colorectal adenomas: The Black Women’s Health Study. Cancer Epidemiol. Prev.
Biomark. 2011, 20, 818–825. [CrossRef]

30. Smith-Warner, S.A.; Elmer, P.J.; Fosdick, L.; Randall, B.; Bostick, R.M.; Grandits, G.; Grambsch, P.; Louis, T.A.;
Wood, J.R.; Potter, J.D. Fruits, vegetables, and adenomatous polyps: The Minnesota Cancer Prevention
Research Unit case-control study. Am. J. Epidemiol. 2002, 155, 1104–1113. [CrossRef] [PubMed]

31. Mathew, A.; Peters, U.; Chatterjee, N.; Kulldorff, M.; Sinha, R. Fat, fiber, fruits, vegetables, and risk of
colorectal adenomas. Int. J. Cancer 2004, 108, 287–292. [CrossRef] [PubMed]

32. Haslam, A.; Wagner Robb, S.; Hébert, J.R.; Huang, H.; Wirth, M.D.; Shivappa, N.; Ebell, M.H. The association
between Dietary Inflammatory Index scores and the prevalence of colorectal adenoma. Public Health Nutr.
2017, 20, 1609–1616. [CrossRef] [PubMed]

33. Sardo Molmenti, C.L.; Steck, S.E.; Thomson, C.A.; Hibler, E.A.; Yang, J.; Shivappa, N.; Greenlee, H.;
Wirth, M.D.; Neugut, A.I.; Jacobs, E.T.; et al. Dietary Inflammatory Index and Risk of Colorectal Adenoma
Recurrence: A Pooled Analysis. Nutr. Cancer 2017, 69, 238–247. [CrossRef] [PubMed]

34. Mirmiran, P.; Esfahani, F.H.; Mehrabi, Y.; Hedayati, M.; Azizi, F. Reliability and relative validity of an FFQ
for nutrients in the Tehran lipid and glucose study. Public Health Nutr. 2010, 13, 654–662. [CrossRef]

35. Shivappa, N.; Wirth, M.D.; Murphy, E.A.; Hurley, T.G.; Hebert, J.R. Association between the Dietary
Inflammatory Index (DII) and urinary enterolignans and C-reactive protein from the National Health and
Nutrition Examination Survey-2003–2008. Eur. J. Nutr. 2018, 58, 797–805. [CrossRef]

36. Shivappa, N.; Steck, S.E.; Hurley, T.G.; Hussey, J.R.; Hebert, J.R. Designing and developing a literature-derived,
population-based dietary inflammatory index. Public Health Nutr. 2013, 14, 1–8. [CrossRef] [PubMed]

37. Shivappa, N.; Steck, S.E.; Hurley, T.G.; Hussey, J.R.; Ma, Y.; Ockene, I.S.; Tabung, F.; Hebert, J.R. A
population-based dietary inflammatory index predicts levels of C-reactive protein in the Seasonal Variation
of Blood Cholesterol Study (SEASONS). Public Health Nutr. 2013, 10, 1–9. [CrossRef] [PubMed]

38. Shivappa, N.; Hebert, J.R.; Marcos, A.; Diaz, L.E.; Gomez, S.; Nova, E.; Michels, N.; Arouca, A.; Gonzalez-Gil, E.;
Frederic, G.; et al. Association between dietary inflammatory index and inflammatory markers in the
HELENA study. Mol. Nutr. Food Res. 2017, 61, 1600707. [CrossRef]

39. Shivappa, N.; Hebert, J.R.; Behrooz, M.; Rashidkhani, B. Dietary Inflammatory Index and Risk of Multiple
Sclerosis in a Case-Control Study from Iran. Neuroepidemiology 2016, 47, 26–31. [CrossRef]

40. Vahid, F.; Shivappa, N.; Faghfoori, Z.; Khodabakhshi, A.; Zayeri, F.; Hebert, J.R.; Davoodi, S.H. Validation
of a Dietary Inflammatory Index (DII) and Association with Risk of Gastric Cancer: A Case-Control Study.
Asian Pac. J. Cancer Prev. APJCP 2018, 19, 1471–1477. [PubMed]

http://dx.doi.org/10.1080/01635581.2013.756534
http://dx.doi.org/10.1053/j.gastro.2014.12.035
http://www.ncbi.nlm.nih.gov/pubmed/25575572
http://dx.doi.org/10.3945/jn.109.114025
http://dx.doi.org/10.1017/S1368980013002565
http://dx.doi.org/10.1017/S000711451400395X
http://www.ncbi.nlm.nih.gov/pubmed/25639781
http://dx.doi.org/10.3945/jn.116.242529
http://dx.doi.org/10.1016/S0002-9343(98)00338-6
http://dx.doi.org/10.1158/1055-9965.EPI-10-1213
http://dx.doi.org/10.1093/aje/155.12.1104
http://www.ncbi.nlm.nih.gov/pubmed/12048224
http://dx.doi.org/10.1002/ijc.10984
http://www.ncbi.nlm.nih.gov/pubmed/14639617
http://dx.doi.org/10.1017/S1368980017000453
http://www.ncbi.nlm.nih.gov/pubmed/28345504
http://dx.doi.org/10.1080/01635581.2017.1263752
http://www.ncbi.nlm.nih.gov/pubmed/28094571
http://dx.doi.org/10.1017/S1368980009991698
http://dx.doi.org/10.1007/s00394-018-1690-5
http://dx.doi.org/10.1017/S1368980013002115
http://www.ncbi.nlm.nih.gov/pubmed/23941862
http://dx.doi.org/10.1017/S1368980013002565
http://www.ncbi.nlm.nih.gov/pubmed/24107546
http://dx.doi.org/10.1002/mnfr.201600707
http://dx.doi.org/10.1159/000445874
http://www.ncbi.nlm.nih.gov/pubmed/29936717


Nutrients 2019, 11, 1213 12 of 13

41. Vahid, F.; Shivappa, N.; Hekmatdoost, A.; Hebert, J.R.; Davoodi, S.H.; Sadeghi, M. Association between Maternal
Dietary Inflammatory Index (DII) and abortion in Iranian women and validation of DII with serum concentration
of inflammatory factors: Case-control study. Appl. Phys. Nutr. Metab. 2017, 42, 511–516. [CrossRef]

42. Zamora-Ros, R.; Shivappa, N.; Steck, S.E.; Canzian, F.; Landi, S.; Alonso, M.H.; Hebert, J.R.; Moreno, V.
Dietary inflammatory index and inflammatory gene interactions in relation to colorectal cancer risk in the
Bellvitge colorectal cancer case-control study. Genes Nutr. 2015, 10, 447. [CrossRef]

43. Tabung, F.K.; Steck, S.E.; Ma, Y.; Liese, A.D.; Zhang, J.; Caan, B.; Hou, L.; Johnson, K.C.; Mossavar-Rahmani, Y.;
Shivappa, N.; et al. The association between dietary inflammatory index and risk of colorectal cancer among
postmenopausal women: Results from the Women’s Health Initiative. Cancer Causes Control CCC 2015, 26,
399–408. [CrossRef] [PubMed]

44. Feng, Y.L.; Shu, L.; Zheng, P.F.; Zhang, X.Y.; Si, C.J.; Yu, X.L.; Gao, W.; Zhang, L. Dietary patterns and
colorectal cancer risk: A meta-analysis. Eur. J. Cancer Prev. Off. J. Eur. Cancer Prev. Organ. 2017, 26, 201–211.
[CrossRef]

45. World Cancer Research Fund/American Institute for Cancer Research. Diet, Nutrition, Physical Activity and
Colorectal Cancer. Continuous Update Project Expert Report; World Cancer Research Fund/American Institute
for Cancer Research: London, UK, 2018.

46. Ghassemi, H.; Harrison, G.; Mohammad, K. An accelerated nutrition transition in Iran. Public Health Nutr.
2002, 5, 149–155. [CrossRef] [PubMed]

47. Phillips, C.M.; Shivappa, N.; Hebert, J.R.; Perry, I.J. Dietary Inflammatory Index and Biomarkers of Lipoprotein
Metabolism, Inflammation and Glucose Homeostasis in Adults. Nutrients 2018, 10, 1033. [CrossRef] [PubMed]

48. Boden, S.; Wennberg, M.; Van Guelpen, B.; Johansson, I.; Lindahl, B.; Andersson, J.; Shivappa, N.;
Hebert, J.R.; Nilsson, L.M. Dietary inflammatory index and risk of first myocardial infarction; a prospective
population-based study. Nutr. J. 2017, 16, 21. [CrossRef]

49. Mayr, H.L.; Itsiopoulos, C.; Tierney, A.C.; Ruiz-Canela, M.; Hebert, J.R.; Shivappa, N.; Thomas, C.J.
Improvement in dietary inflammatory index score after 6-month dietary intervention is associated with
reduction in interleukin-6 in patients with coronary heart disease: The AUSMED heart trial. Nutr. Res. 2018,
55, 108–121. [CrossRef] [PubMed]

50. Grosso, G.; Godos, J.; Lamuela-Raventos, R.; Ray, S.; Micek, A.; Pajak, A.; Sciacca, S.; D’Orazio, N.; Del
Rio, D.; Galvano, F. A comprehensive meta-analysis on dietary flavonoid and lignan intake and cancer risk:
Level of evidence and limitations. Mol. Nutr. Food Res. 2017, 61, 1600930. [CrossRef]

51. Fung, T.T.; McCullough, M.L.; Newby, P.; Manson, J.E.; Meigs, J.B.; Rifai, N.; Willett, W.C.; Hu, F.B. Diet-quality
scores and plasma concentrations of markers of inflammation and endothelial dysfunction. Am. J. Clin. Nutr.
2005, 82, 163–173. [CrossRef]

52. Li, Y.-H.; Niu, Y.-B.; Sun, Y.; Zhang, F.; Liu, C.-X.; Fan, L.; Mei, Q.-B. Role of phytochemicals in colorectal
cancer prevention. World J. Gastroenterol. 2015, 21, 9262–9272. [CrossRef] [PubMed]

53. Jaganathan, S.K.; Vellayappan, M.V.; Narasimhan, G.; Supriyanto, E.; Octorina Dewi, D.E.; Narayanan, A.L.T.;
Balaji, A.; Subramanian, A.P.; Yusof, M. Chemopreventive effect of apple and berry fruits against colon
cancer. World J. Gastroenterol. 2014, 20, 17029–17036. [CrossRef]

54. Larsson, S.C.; Wolk, A. Meat consumption and risk of colorectal cancer: A meta-analysis of prospective
studies. Int. J. Cancer 2006, 119, 2657–2664. [CrossRef]

55. Demeyer, D.; Mertens, B.; De Smet, S.; Ulens, M. Mechanisms linking colorectal cancer to the consumption of
(processed) red meat: A review. Crit. Rev. Food Sci. Nutr. 2016, 56, 2747–2766. [CrossRef]

56. Eslamparast, T.; Sharafkhah, M.; Poustchi, H.; Hashemian, M.; Dawsey, S.M.; Freedman, N.D.; Boffetta, P.;
Abnet, C.C.; Etemadi, A.; Pourshams, A.; et al. Nut consumption and total and cause-specific mortality:
Results from the Golestan Cohort Study. Int. J. Epidemiol. 2017, 46, 75–85. [CrossRef]

57. Hashemian, M.; Poustchi, H.; Abnet, C.C.; Boffetta, P.; Dawsey, S.M.; Brennan, P.J.; Pharoah, P.; Etemadi, A.;
Kamangar, F.; Sharafkhah, M.; et al. Dietary intake of minerals and risk of esophageal squamous cell
carcinoma: Results from the Golestan Cohort Study. Am. J. Clin. Nutr. 2015, 102, 102–108. [CrossRef]

58. Owen, R. Faecal steroids and colorectal carcinogenesis. Scand. J. Gastroenterol. 1997, 32, 76–82. [CrossRef]

http://dx.doi.org/10.1139/apnm-2016-0274
http://dx.doi.org/10.1007/s12263-014-0447-x
http://dx.doi.org/10.1007/s10552-014-0515-y
http://www.ncbi.nlm.nih.gov/pubmed/25549833
http://dx.doi.org/10.1097/CEJ.0000000000000245
http://dx.doi.org/10.1079/PHN2001287
http://www.ncbi.nlm.nih.gov/pubmed/12027278
http://dx.doi.org/10.3390/nu10081033
http://www.ncbi.nlm.nih.gov/pubmed/30096775
http://dx.doi.org/10.1186/s12937-017-0243-8
http://dx.doi.org/10.1016/j.nutres.2018.04.007
http://www.ncbi.nlm.nih.gov/pubmed/29807669
http://dx.doi.org/10.1002/mnfr.201600930
http://dx.doi.org/10.1093/ajcn/82.1.163
http://dx.doi.org/10.3748/wjg.v21.i31.9262
http://www.ncbi.nlm.nih.gov/pubmed/26309353
http://dx.doi.org/10.3748/wjg.v20.i45.17029
http://dx.doi.org/10.1002/ijc.22170
http://dx.doi.org/10.1080/10408398.2013.873886
http://dx.doi.org/10.1093/ije/dyv365
http://dx.doi.org/10.3945/ajcn.115.107847
http://dx.doi.org/10.1080/00365521.1997.11720725


Nutrients 2019, 11, 1213 13 of 13

59. Eslamparast, T.; Poustchi, H.; Zamani, F.; Sharafkhah, M.; Malekzadeh, R.; Hekmatdoost, A. Synbiotic
supplementation in nonalcoholic fatty liver disease: A randomized, double-blind, placebo-controlled pilot
study. Am. J. Clin. Nutr. 2014, 99, 535–542. [CrossRef] [PubMed]

60. Asghari, G.; Rezazadeh, A.; Hosseini-Esfahani, F.; Mehrabi, Y.; Mirmiran, P.; Azizi, F. Reliability, comparative
validity and stability of dietary patterns derived from an FFQ in the Tehran Lipid and Glucose Study. Br. J.
Nutr. 2012, 108, 1109–1117. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3945/ajcn.113.068890
http://www.ncbi.nlm.nih.gov/pubmed/24401715
http://dx.doi.org/10.1017/S0007114511006313
http://www.ncbi.nlm.nih.gov/pubmed/22251608
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Inclusion and Exclusion Criteria 
	Assessment of Dietary Intake 
	Assessment of Other Variables 
	Statistical Analysis 
	Ethical Approval 

	Results 
	Discussion 
	Conclusions 
	References

