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Abstract: Diet may modulate chronic inflammation. The aim of this study is to investigate whether
the dietary inflammatory index (DII®) was associated with the risk of colorectal cancer in a Chinese
population. A case-control study was conducted from July 2010 to April 2019, in Guangzhou,
China. A total of 2502 eligible cases were recruited along with 2538 age- (5-year interval) and
sex-matched controls. Dietary data derived from a validated food frequency questionnaire were
used to calculate the energy-adjusted DII (E-DII) scores. Odds ratios (ORs) and 95% confidence
intervals (CIs) for colorectal cancer risk were estimated using unconditional logistic regression models.
In this study, E-DII scores ranged from −5.96 (the most anti-inflammatory score) to +6.01 (the most
pro-inflammatory score). A positive association was found between the E-DII and colorectal cancer
risk, with the OR = 1.40 (95% CI 1.16, 1.68; Ptrend < 0.01) for the highest E-DII quartile compared with
the lowest quartile after adjusting for potential confounders. When stratified based on cancer subsite,
sex, body mass index, and smoking status, significant associations were not observed in women or
underweight individuals. Results from this study confirmed that a higher E-DII score was associated
with an increased risk of colorectal cancer in a Chinese population.

Keywords: diet; inflammation; dietary inflammatory index; colorectal cancer risk; case-control
study; China

1. Introduction

Colorectal cancer is a common cancer around the world, with 1.8 million new cases estimated
to have occurred worldwide in 2018 [1]. Chronic inflammation plays a critical role in colorectal
carcinogenesis [2]. Evidence suggested that inflammation promotes cancer cell growth, inhibits
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differentiation, and reduces survival through a complicated set of molecular pathways, including
the release of a large number of pro-inflammatory cytokines such as interleukin (IL)-1, IL-6, IL-8,
and tumor necrosis factor-α (TNF-α) [2,3]. It is also known that patients with inflammatory bowel
diseases are at increased risk of developing colorectal cancer [4,5], and anti-inflammatory treatment,
especially prolonged use of nonsteroidal anti-inflammatory drugs (NSAIDs) could reduce the risk of
colorectal cancer by as much as 30 to 40% [6].

Dietary factors may modulate chronic inflammation [7,8]. For example, the western-type diet,
which is high in red meat, fat, and refined grains is pro-inflammatory [9]. By contrast, the Mediterranean
diet, which is characterized by a high consumption of vegetables, fruits, and whole grains, appears to
mitigate the degree of inflammation [10] and is associated with decreased risk of colorectal cancer [11].
Therefore, assessing the potential effect of diet on inflammation may help to inform dietary strategies
to decrease the levels of inflammation and risk of colorectal cancer.

The dietary inflammatory index (DII®) is a literature-derived, population-based scoring system
that was developed to quantify the inflammatory potential of overall diet in diverse populations [12].
A higher DII score represents a more pro-inflammatory diet, while a lower DII score indicates a more
anti-inflammatory diet. The DII has been validated with inflammatory markers, such as C-creative
protein (CRP), IL-1, IL-2, and TNF-α [13–19].

To date, five prospective cohort studies [20–24] and nine case-control studies [25–33] have
investigated the association between the DII and colorectal cancer risk, and all of them have found that a
higher DII score is associated with an increased risk of colorectal cancer. Four [30–33] of nine case-control
studies were conducted in Asian countries, including South Korea, Jordan, and Iran. However, to the
best of our knowledge, no study has been conducted in Chinese population, whose socio-demographic
characteristics and dietary patterns that are characterized mainly by higher consumption of vegetables,
rice and fish/sea food vary from those of other populations [34]. Therefore, this study aimed to examine
whether diet-related inflammation, as measured by the DII score, was linked to the risk of colorectal
cancer in a Chinese population. Our hypothesis was that higher, pro-inflammatory, DII scores would
be positively associated with increased colorectal cancer risk.

2. Materials and Methods

2.1. Study Subjects

This is an ongoing case-control study, which began in July 2010. The study protocol has been
reported in detail elsewhere [35]. Briefly, potential cases were consecutively recruited from the surgical
units of the Sun Yat-sen University Cancer Center, Guangzhou, China, from July 2010 to April 2019.
To be eligible for this study, patients were required to have incident, primary, histologically confirmed
colorectal cancer diagnosed no more than 3 months prior to the interview. Participants needed to
be between 30 and 75 years of age and either be natives of Guangdong province or have lived in
Guangdong province for more than 5 years. Patients were excluded if they had been diagnosed with
any cancer other than colorectal cancer or could not understand or speak Mandarin/Cantonese. Out of
2817 eligible patients, 2528 agreed, resulting in a participation rate of 89.74%. In addition, 26 subjects
were removed from the analysis because of implausible energy intakes (<600 or >3500 kcal/d for
women, and <800 or >4200 kcal/d for men) [36]. Data from a total of 2502 patients were included in
these analyses.

Controls, also 30 to 75 years of age but with no history of cancer, were frequency matched to cases
on age (5-year interval) and sex. There are two control groups in this case-control study. The first control
group was selected from patients who visited the first affiliated hospital of Sun Yat-sen University
during the same period, with ear-nose-throat diseases, eye disorders, facial paralysis, orthopedic
conditions, degenerate joint diseases, and varicose veins. A total of 1533 hospital-derived controls
were invited in this study and 1357 were successfully interviewed, yielding a response rate of 88.51%.
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The second group of 1181 community-derived controls was recruited in Guangzhou and Shenzhen via
referrals, invitation, and advertisements.

The study was conducted in accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments. The protocols and procedures of this study were
approved by the Ethical Committee of School of Public Health, Sun Yat-sen University. All participants
in this study signed the informed consent form before the interview.

2.2. Data Collection

A face-to-face interview was conducted by trained researchers using standardized questionnaires
to collect data on socio-demographic characteristics, lifestyle factors (active and passive smoking status,
alcohol drinking, physical activity), first-degree relatives with cancer, history of diabetes mellitus
and inflammatory diseases (e.g., gastritis, hepatitis, arthritis), body height and weight. For women,
information on menopausal status also was obtained. In this study, subjects were classified as
nonsmokers and ever smokers (including regular smokers and former smokers). A regular smoker
is defined as someone smoking at least 1 cigarette per day for more than 6 consecutive months,
while former smokers are defined as those who reported being regular smokers in the past, but not
having smoked in the past six months. Passive smoking is defined as being exposed to the tobacco
smoke of others for at least 5 min per day during the previous 5 years. Regular drinkers are defined
as subjects who drank alcohol at least once per week in the past year. Physical activity consisted
of two parts: occupational activity and household and leisure-time activity. Occupational activity
was grouped into nonworking, sedentary, light occupation, moderate occupation and heavy activity
occupation according to labor intensity. Household and leisure-time activity is classified as follows:
(a) light physical activity; (b) moderate physical activity; (c) vigorous physical activity [37]. Information
on frequency (day/week) and duration (hour/day) of household and leisure-time activity was collected.
The mean metabolic equivalent task-hours (MET) score of each activity was obtained by estimating the
average of all comparable activities in the Compendium of Physical Activities [38,39]. MET-hours/week
over the past year was calculated as follows: number of days per week × number of hours per day ×
MET for a specific type of activity = MET-hours/week. History of diabetes mellitus and inflammatory
diseases were defined by self-report of physician diagnosis or from medical records. Body weight was
measured and height was self-reported. Body mass index (BMI) was calculated by dividing weight
(kg) by height squared (m2). All subjects were categorized into three groups based on BMI range of
Chinese population: underweight (BMI < 18.5 kg/m2), normal weight (18.5 kg/m2

≤ BMI < 24 kg/m2),
overweight/obese (BMI ≥ 24 kg/m2) [40].

A reproducible and validated food frequency questionnaire (FFQ) was used to assess the
participants’ daily consumption of various foods [41]. Detailed information was collected on frequency
of consumption and portion size during 12 months prior to colorectal cancer diagnosis for cases and
interview for controls. The 81-item FFQ included 12 cereal items, 7 legume items, 18 items of vegetables,
11 fruit items, 18 meat (read meat and white meat) items, 2 egg items, 8 dairy product items, 3 questions
on beverages and soups, and 2 questions on mushrooms and nuts. Intakes of total energy and nutrient
were determined using the Chinese Food Composition Table [42].

2.3. Dietary Inflammatory Index (DII®)

Dietary data derived from the FFQ were used to calculate the energy-adjusted dietary inflammatory
index (E-DII) scores. The development of the DII has been described in detail elsewhere [12].
In short, 1943 articles published through 2010 on the relationship between 45 food parameters and
six inflammatory biomarkers (IL-1β, IL-4, IL-6, IL-10, CRP, and TNF-α) were reviewed and scored.
A world database from 11 countries was used to standardize DII/ E-DII scores to its current range and
to provide reference means and standard deviations of intake for food parameters. Then a Z-score
was calculated for each participant by subtracting the world standard mean from the actual intake
value and dividing by its world standard deviation. In order to minimize the effect of right skewing,
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this Z-score was converted to a proportion. The proportion was then centered on one with a range
−1 to +1, by doubling and subtracting 1. Then this value was multiplied by the inflammatory effect
score for each of up to 45 food parameters and summed across all food parameters to create the overall
dietary inflammatory score. The score ranged from 7.98 (the most pro-inflammatory score) to −8.87
(the most anti-inflammatory score). In a manner analogous to that used for the DII, energy-adjusted DII
(E-DII) scores were calculated per 1000 kcal consumed to control for the effect of energy intake. This
required using the same procedure for the DII, except the reference database that also was adjusted per
1000 kcal.

For this study, the following 34 food items were used for calculating E-DII scores: carbohydrate,
protein, total fat, fiber, saturated fat, monounsaturated fatty acid (MUFA), polyunsaturated fatty acid
(PUFA), n-3 PUFA, n-6 PUFA, cholesterol, thiamin, riboflavin, niacin, folic acid, vitamin B6, vitamin B12,
vitamin A, vitamin C, vitamin D, vitamin E, β-carotene, iron, magnesium, selenium, zinc, flavan-3-ol,
flavone, flavonols, flavonones, anthocyanidins, isoflavones, garlic, onion, and pepper.

2.4. Statistical Analysis

All analyses were performed using SPSS® 22.0. Differences between cases and controls were
assessed using the Student’s t test or the Wilcoxon rank-sum test for continuous variables, and the
χ2-test for categorical variables. The Kruskal–Wallis test for continuous variables was used to examine
intakes of 34 food parameters according to quartile of the E-DII score. The E-DII was analyzed both
as a continuous variable and a categorical variable; i.e., as quartiles based on the distribution in
controls [43]. The lowest quartile of the E-DII score was treated as the reference. Odds ratios (ORs)
and 95% confidence intervals (CIs) were estimated using unconditional logistic regression models
to explore the relationship between the E-DII and colorectal cancer risk. The following potential
confounding factors were included in the model based on comparison of characteristics between
cases and controls, or previous report: age, sex, marital status, residence (city/rural), educational
level, occupation, income, BMI, smoking status, alcohol drinking, first degree relative with cancer,
occupational activity, household, and leisure-time activities. Tests for linear trend were carried out by
entering the categorical variable as continuous variable in the regression model. Stratified analyses
were conducted for cancer site (colon cancer and rectal cancer), sex, BMI (underweight, normal weight
and overweight/obese), and smoking status (ever smokers and nonsmokers). All tests were two-sided
and the significance level (α) was set at 0.05.

3. Results

Of the 2502 cases, 1425 were men while 1077 were women; 1565 were diagnosed with colon cancer
and 937 were diagnosed with rectal cancer. The socio-demographic characteristics of the subjects are
shown in Table 1. Compared with controls, cases were more likely to be married, to live in the rural
area, to have a lower BMI, be less educated, and have lower incomes. Cases also were more likely
to have a first-degree relative with cancer, a history of diabetes mellitus, have heavier occupational
activity and lower household and leisure-time activities, and to be ever smokers and regular drinkers.
The difference between cases and controls was not significant for other variables, such as age, age at
menarche, sex, menopausal status, passive smoking status, and history of inflammatory diseases.

In this study, E-DII scores ranged from −5.96 (the most anti-inflammatory score) to +6.01 (the most
pro-inflammatory score), and cases had a higher mean E-DII score (−0.50) compared with controls
(−0.78).
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Table 1. Characteristics and selected risk factors of colorectal cancer cases and controls in a Chinese
case-control study, 2010–2019 a.

Cases (n = 2502) Controls (n = 2538) p
Mean SD Mean SD

Age (years) 57.0 10.3 56.7 10.2 0.26
Age at menarche (years) b 15.0 2.4 15.0 2.0 0.80
Body mass index (kg/m2) 23.3 3.2 23.6 3.1 0.01

E-DII score −0.5 2.1 −0.8 2.1 <0.01
n % n %

Sex 0.94
Men 1425 57.0 1443 56.9

Women 1077 43.0 1095 43.1
Marital status <0.01

Married 2383 95.2 2335 92.0
Unmarried/divorced/widowed 119 4.8 203 8.0

Residence <0.01
Urban 1612 64.4 1997 78.7
Rural 890 35.6 541 21.3

Educational level <0.01
Primary school or below 789 31.5 567 22.3

Middle school 697 27.9 616 24.3
High school/technical school 606 24.2 678 26.7

College or above 410 16.4 677 26.7
Occupation <0.01

Administrator/other white collar
worker 347 13.9 463 18.2

Blue collar worker 547 21.9 553 21.8
Farmer/other 1608 64.3 1522 60.0

Income (Yuan/month) <0.01
<2000 354 14.1 317 12.5

2001–5000 836 33.4 935 36.8
5001–8000 737 29.5 785 30.9

>8001 575 23.0 501 19.7
Menopausal status b 0.92

Premenopausal 301 27.9 304 27.8
Postmenopausal 776 72.1 791 72.2

Occupational activity <0.01
Nonworking 316 12.6 894 35.2

Sedentary 697 27.9 533 21.0
Light occupation 675 27.0 600 23.6

Moderate occupation 390 15.6 238 9.4
Heavy activity occupation 424 16.9 273 10.8

Household and leisure-time
activities (MET-h/week) <0.01

Median 28.9 34.3
25th, 75th percentiles 9.0, 52.5 16.3, 55.9

Ever smokers 978 39.1 773 30.5 <0.01
Passive smoking 682 27.3 750 29.6 0.07
Regular drinkers 450 18.0 359 14.1 <0.01

First degree relative with cancer 362 14.5 145 5.7 <0.01
History of diabetes mellitus 214 8.6 110 4.3 <0.01

History of inflammatory diseases 117 4.7 87 4.3 0.55

MET, metabolic equivalent task. a Continuous variables were evaluated using t tests or Wilcoxon rank-sum tests.
Categorical variables were evaluated using Chi square tests. b Among women subgroup.
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The distribution of 34 food parameters across quartiles of the E-DII among control subjects is
presented in Table 2. Higher E-DII scores, indicating a more pro-inflammatory diet, were significantly
related to lower intakes of fiber, cholesterol, folic acid, vitamin A, vitamin C, vitamin D, vitamin
E, β-carotene, magnesium, selenium, flavan-3-ol, flavones, flavonols, flavonones, anthocyanidins,
and isoflavones. Subjects in the fourth quartile of the E-DII had the highest consumption of carbohydrate,
total fat, saturated fat, MUFA as well as PUFA. Median intakes of thiamin were equal in each quartile.
Intakes of protein, n-3 fatty acids, riboflavin, vitamin B6, vitamin B12, iron, garlic, onion, and pepper
in the first quartile were higher than those in other quartiles.

As shown in Table 3, a positive association was found between E-DII score and colorectal cancer
risk, with an adjusted OR of 1.07 (95% CI 1.03, 1.11) when the E-DII score was fit as a continuous
variable. A similar result was observed when modeling the E-DII score as quartiles. After adjusting for
potential confounders, the OR for the highest quartile compared with the lowest quartile was 1.40 (95%
CI 1.16, 1.68; Ptrend < 0.01). Subgroup analysis by cancer site showed that diet-related inflammation is
associated with increased colorectal cancer risk in both colon and rectal cancer, with adjusted ORs for
the highest quartile compared with the lowest were 1.32 (95% CI 1.07, 1.63; Ptrend = 0.01) for colon
cancer, 1.53 (95% CI 1.19, 1.98; Ptrend < 0.01) for rectal cancer, respectively.

Stratified analysis by sex indicated that the E-DII was significantly related to colorectal cancer risk
only in men (ORQ4 vs. Q1 1.74; 95% CI 1.35, 2.24; Ptrend < 0.01). In women, a marginally significant positive
association was found (ORQ4 vs. Q1 1.28; 95% CI 0.98, 1.71; Ptrend = 0.04). However, the interaction
between the E-DII and sex in the risk of colorectal cancer was non-significant (Pinteraction = 0.52). When
stratified based on BMI, higher E-DII scores were associated with increased colorectal cancer risk
among normal weight and overweight and obese participants. Adjusted ORs for the highest quartile
of the E-DII score relative to the lowest were 1.32 (95% CI 1.02, 1.71, Ptrend = 0.13) for persons with
normal weight and 1.49 (95% CI 1.12, 1.97; Ptrend < 0.01) for persons with overweight or obesity;
no statistically significant result was found in underweight people (ORQ4 vs. Q1 1.56; 95% CI 0.63, 3.87;
Ptrend = 0.28) (Pinteraction = 0.03). The results of stratified analysis by smoking status were similar to
the main analysis in all study subjects. A stronger positive association was found between the E-DII
score and colorectal cancer risk among ever smokers and non-smokers, with adjusted OR of 1.74 (95%
CI 1.26, 2.39; Ptrend < 0.01) and 1.34 (95% CI 1.07, 1.68; Ptrend = 0.01), respectively, comparing the
highest with the lowest quartile. There was no statistically significant interaction between the E-DII
and smoking status (Pinteraction = 0.25) (Table 4).
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Table 2. Intakes of 34 food parameters according to quartile of the energy-adjusted dietary inflammatory index (E-DII) score among controls in a Chinese case-control
study, 2010–2019.

Food Parameter
Quartile 1 Quartile 2 Quartile 3 Quartile 4

p
Median P25, P75 Median P25, P75 Median P25, P75 Median P25, P75

Carbohydrate (g/day) 218.2 186.9, 262.7 230.4 197.5, 298.0 255.5 204.9, 321.8 295.7 231.1, 353.2 <0.01
Protein (g/day) 67.7 55.4, 82.1 66.3 54.0, 84.0 65.9 53.9, 81.3 66.8 52.4, 82.6 0.04
Total fat (g/day) 30.9 23.5, 42.3 32.5 22.2, 43.8 35.2 24.4, 48.7 42.6 27.3, 59.3 <0.01

Fiber (g/day) 11.3 9.3, 13.6 9.8 7.8, 12.4 8.9 7.2, 11.1 7.9 6.3, 10.0 <0.01
n-3 Fatty acids (g/day) 0.9 0.6, 1.2 0.8 0.6, 1.2 0.8 0.5, 1.1 0.8 0.6, 1.1 <0.01
n-6 Fatty acids (g/day) 4.8 3.5, 6.4 4.5 3.3, 6.1 4.5 3.3, 6.1 4.8 3.4, 6.4 <0.01
Saturated fat (g/day) 7.0 4.2, 10.5 7.5 4.3, 11.2 8.2 5.0, 12.5 10.2 5.9, 15.5 <0.01

MUFA (g/day) 8.7 5.3, 14.0 9.7 5.5, 15.6 11.0 6.7, 17.0 13.7 8.0, 21.4 <0.01
PUFA (g/day) 4.7 3.0, 6.8 4.6 2.9, 6.6 4.8 3.1, 6.8 5.3 3.4, 7.5 <0.01

Cholesterol (mg/day) 332.0 235.0, 446.2 324.5 223.4, 425.4 300.0 214.8, 421.3 282.8 190.0, 404.2 <0.01
Thiamin (mg/day) 1.0 0.8, 1.2 1.0 0.8, 1.3 1.0 0.8, 1.2 1.0 0.8, 1.3 0.81

Riboflavin (mg/day) 1.0 0.8, 1.3 0.9 0.7, 1.2 0.9 0.7, 1.1 0.8 0.6, 1.1 <0.01
Niacin (mg/day) 15.5 12.5, 18.5 15.5 12.3, 19.4 15.1 12.2, 18.8 15.2 11.9, 19.4 0.56

Folic acid (ug/day) 259.8 215.7, 321.6 228.0 187.7, 290.1 219.4 175.9, 269.5 201.8 160.4, 252.6 <0.01
Vitamin B6 (mg/day) 1 0.8, 1.2 0.9 0.7, 1.1 0.8 0.7, 1.0 0.8 0.6, 1.0 <0.01

Vitamin B12 (mg/day) 2.0 1.4, 2.7 1.9 1.3, 2.6 1.8 1.3, 2.5 1.8 1.2, 2.6 <0.01
Vitamin A (RE/day) 1034.4 845.7, 1306.1 859.8 685.6, 1101.9 756.4 578.4, 946.6 557.3 420.6, 740.4 <0.01
Vitamin C (mg/day) 198.2 157.0, 245.2 161.7 126.0, 203.9 134.7 103.6, 169.6 95.4 69.8, 126.1 <0.01
Vitamin D (ug/day) 7.4 5.1, 10.4 6.4 4.3, 9.6 5.6 3.7, 8.4 4.9 3.0, 7.2 <0.01
Vitamin E (mg/day) 13.4 10.5, 17.9 11.3 8.8, 15.0 10.3 8.0, 13.6 8.5 6.4, 11.7 <0.01
β-Carotene (ug/day) 4981.2 3980.7, 6417.9 4082.0 3166.1, 5325.2 3344.0 2551.0, 4357.1 2417.8 1643.8, 3185.0 <0.01

Iron (mg/day) 18.9 16.0, 22.6 18.0 14.7, 22.0 17.4 14.4, 21.4 16.6 13.8, 20.9 <0.01
Magnesium (mg/day) 265.1 224.0, 320.2 245.6 204.3, 312.9 241.4 198.9, 292.4 232.7 189.2, 283.0 <0.01

Selenium (ug/day) 56.8 43.7, 71.6 54.9 41.6, 71.8 52.9 41.4, 69.6 52.3 39.5, 71.5 <0.01
Zinc (mg/day) 10.8 9.0, 12.7 10.6 8.8, 13.1 10.7 8.8, 13.0 10.8 8.8, 13.4 0.13

Flavan-3-ol (mg/day) 8.9 5.1, 14.6 7.3 4.3, 12.1 6.3 3.3, 10.9 4.8 2.2, 7.6 <0.01
Flavones (mg/day) 5.7 3.0, 9.2 3.4 1.8, 6.1 2.7 1.3, 4.5 1.8 0.8, 3.6 <0.01
Flavonols (mg/day) 39.1 32.0, 49.0 30.7 24.0, 40.1 25.2 19.5, 32.5 17.8 12.6, 23.6 <0.01

Flavonones (mg/day) 4.8 2.7, 9.3 3.9 2.1, 7.5 3.2 1.8, 5.3 2.2 1.2, 4.7 <0.01
Anthocyanidins (mg/day) 22.6 15.4, 33.8 19.3 12.3, 28.0 16.4 10.8, 24.0 12.6 7.7, 19.9 <0.01

Isoflavones (mg/day) 8.2 3.1, 14.7 5.3 2.3, 10.3 4.2 1.7, 8.3 3.1 1.0, 6.6 <0.01
Garlic (g/day) 3.3 0.6, 7.1 1.7 0.1, 4.8 1.6 0.5, 3.3 1.7 0.4, 3.3 <0.01
Onion (g/day) 6.7 1.1, 14.3 3.3 0.3, 9.5 3.3 1.0, 6.7 3.3 0.7, 6.7 <0.01
Pepper (g/day) 2.1 0.0, 12.5 1.2 0.0, 8.2 0.7 0.0, 6.6 0.8 0.0, 5.0 <0.01
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Table 3. Odds ratios and 95% confidence intervals of colorectal cancer for the energy-adjusted dietary inflammatory index (E-DII) score among cases and controls in a
Chinese case-control study, 2010–2019 a.

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Ptrend
Continuous

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Colorectal Cancer

N (cases/controls) 524/634 590/635 660/635 728/634 2502/2538
Crude 1 1.12 0.96, 1.32 1.26 1.07, 1.47 1.39 1.19, 1.63 <0.01 1.07 1.04, 1.10

Adjusted 1 1.10 0.92, 1.31 1.28 1.07, 1.54 1.40 1.16, 1.68 <0.01 1.07 1.03, 1.11

Colon Cancer

N (cases/controls) 334/634 392/635 414/635 425/634 1565/2538
Crude 1 1.17 0.98, 1.41 1.24 1.03, 1.48 1.27 1.06, 1.52 0.01 1.05 1.02, 1.08

Adjusted 1 1.14 0.93, 1.40 1.30 1.06, 1.60 1.32 1.07, 1.63 0.01 1.06 1.02, 1.10

Rectal Cancer

N (cases/controls) 190/634 198/635 246/635 303/634 937/2538
Crude 1 1.04 0.83, 1.31 1.29 1.04, 1.61 1.60 1.29, 1.97 <0.01 1.10 1.06, 1.14

Adjusted 1 1.03 0.79, 1.33 1.30 1.01, 1.68 1.53 1.19, 1.98 <0.01 1.09 1.04, 1.14
a OR was adjusted for age, sex, marital status, residence, educational level, occupation, income, BMI, smoking status, alcohol drinking, first degree relative with cancer, history of diabetes
mellitus, occupational activity, household and leisure-time activities.
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Table 4. Odds ratios and 95% confidence intervals of colorectal cancer for the energy-adjusted dietary inflammatory index (E-DII) score stratified by selected factors in
a Chinese case-control study, 2010–2019 a.

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Ptrend Pinteraction

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Sex 0.52

Men
N (cases/controls) 284/361 366/361 362/361 413/360

Crude 1 1.29 1.04, 1.59 1.28 1.03, 1.58 1.46 1.18, 1.80 <0.01
Adjusted 1 1.33 1.04, 1.70 1.41 1.10, 1.81 1.74 1.35, 2.24 <0.01
Women

N (cases/controls) 224/274 240/274 286/274 327/273
Crude 1 1.07 0.83, 1.37 1.28 1.00, 1.63 1.47 1.15, 1.86 <0.01

Adjusted 1 1.05 0.80, 1.38 1.18 0.90, 1.55 1.28 0.98, 1.71 0.04

BMI (kg/m2) 0.03

Underweight (<18.5)
N (cases/controls) 30/30 34/30 50/30 45/29

Crude 1 1.13 0.56, 2.29 1.67 0.85, 3.29 1.55 0.78, 3.09 0.13
Adjusted 1 1.42 0.59, 3.43 1.83 0.77, 4.37 1.56 0.63, 3.87 0.28

Normal weight (≥18.5 and <24)
N (cases/controls) 276/338 377/338 301/338 387/338

Crude 1 1.37 1.10, 1.70 1.09 0.87, 1.36 1.40 1.13, 1.74 0.03
Adjusted 1 1.26 0.99, 1.60 1.02 0.79, 1.32 1.32 1.02, 1.71 0.13

Overweight/Obese (≥24)
N (cases/controls) 213/266 193/268 298/267 298/266

Crude 1 0.90 0.70, 1.16 1.39 1.09, 1.78 1.40 1.10, 1.79 <0.01
Adjusted 1 0.96 0.72, 1.28 1.48 1.12, 1.95 1.49 1.12, 1.97 <0.01

Smoking Status 0.25

Ever smokers
N (cases/controls) 198/193 232/194 258/193 290/193

Crude 1 1.17 0.89, 1.54 1.30 0.99, 1.71 1.47 1.12, 1.92 <0.01
Adjusted 1 1.15 0.84, 1.59 1.40 1.02, 1.92 1.74 1.26, 2.39 <0.01

Nonsmokers
N (cases/controls) 339/441 381/442 390/441 414/441

Crude 1 1.12 0.92, 1.37 1.15 0.95, 1.40 1.22 1.01, 1.48 0.05
Adjusted 1 1.14 0.92, 1.42 1.22 0.98, 1.52 1.34 1.07, 1.68 0.01

a OR was adjusted for age, sex, marital status, residence, educational level, occupation, income, BMI, smoking status, alcohol drinking, first degree relative with cancer, history of diabetes
mellitus, occupational activity, household and leisure-time activities.
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4. Discussion

This large case-control study focused on the relationship between E-DII score and colorectal
cancer risk. The results showed that a more pro-inflammatory diet, as reflected by a higher E-DII score,
was associated with an increased risk of colorectal cancer. These findings persisted after adjusting for
various confounding factors.

Chronic inflammation might be causally linked to the development of carcinogenesis through
complicated molecular pathways [2,3]. Previous studies have shown the modulating effects of dietary
components on inflammation [7,8]. For example, red meat and fat play a pro-inflammatory role while
fruit and vegetable have anti-inflammatory effects [8]. However, little is known about the inflammatory
potential of whole diet, as most of studies focused on a single food or nutrient. Foods and nutrients
are always consumed with other food groups and nutrients, thus dietary interactions may influence
the real associations for diet with inflammation. The DII and E-DII were developed to assess the
pro-inflammatory and anti-inflammatory effects of overall diet [12]. Previous studies have validated
the close relationship between the DII/ E-DII and inflammatory markers [13–19].

The present study provides evidence regarding the association between a higher E-DII score and
an increased risk of colorectal cancer in a Chinese population. In concordance with this result, previous
epidemiologic studies observed significant positive association between the DII and colorectal cancer
risk [20–33]. A 2017 meta-analysis of four prospective cohort studies and five case-control studies also
reported an overall 40% increased risk of colorectal cancer in the highest quartile of the DII score [44],
a result consistent with what we found. Additionally, one prospective study from the Iowa Women’s
Health Study considered food parameters from both FFQ and supplements to create DII scores and
showed that a higher DII score was linked to an increased risk of colorectal cancer when foods and
supplements were both considered [20]. However, when analyses were performed with the DII from
food groups only, the association became weaker and did not reach statistical significance in the highest
quintile versus the lowest DII category (HRQ5 vs. Q1 1.16; 95% CI 0.97, 1.69).

There are several mechanistic explanations for the role of diet-related inflammation in colorectal
carcinogenesis. First, the pro-inflammatory potential of diet may contribute to insulin resistance by
increasing chronic inflammation [45], which can elevate levels of insulin, glucose, and triglycerides
in vascular tissue to exert effects on cell cycle control, survival and cell mutation, thereby increasing
colorectal cancer risk [46]. Another possible mechanism is through the activation of the cyclooxygenase-2
(COX-2) pathway to promote focal proliferation and mutagenesis in colonic epithelial cells [47].

There are differences between colon and rectal cancer in etiology and pathologic characteristics,
as well as genetic abnormalities [48]. In the present study, analysis of cancer site-specific data produced
similar results as main analysis in all colorectal cancer cases. In agreement with our results, a prospective
study conducted in the United States reported that a higher DII score was linked to increased risk
of both colon cancer and rectal cancer [23]. However, results from the Women’s Health Initiative
indicated a significant positive association for the DII with respect to the risk of colon cancer, but not
rectal cancer [21]. Further investigations are needed to clarify associations between diet-associated
inflammation and colon and rectal cancer.

In the present study, the positive association between the E-DII and colorectal cancer risk was
restricted to men. In women, we observed a similar tendency toward increased risk with higher E-DII
scores, but results did not achieve statistical significance; perhaps due to reduced power because
of smaller sample size. The National Institutes of Health-American Association of Retired Persons
Diet and Health Study also found a statistically increased risk of colorectal cancer with a higher DII
score in men, but not in women (ORQ4 vs. Q1 1.44; 95% CI 1.29, 1.61 for men; and ORQ4 vs. Q1 1.12;
95% CI 0.95, 1.31 for women) [22]. The difference that we observed by sex was not as dramatic and,
just barely missed being statistically significant in women. Slight differences in the magnitude of the
effect according to sex may be related to the mediating effect of estrogen on colorectal cancer and
inflammation. A nested case-control study indicated that endogenous estrogen levels were inversely
associated with colorectal cancer risk and suggested that endogenous estrogens may inhibit colorectal
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carcinogenesis through molecular pathways [49]. Based on in vitro studies, β estrogen receptor
could down-regulate pro-inflammatory cytokines, such as IL-6, to play a colon cancer-prevention
effect [50,51].

Stratified analysis based on BMI status showed that the positive association of the E-DII score with
colorectal cancer risk was stronger in overweight and obese individuals as compared to normal-weight
individuals, suggesting that the association may be reinforcing obesity-related inflammation. One of
the possible mechanisms for the relationship between obesity, inflammation, and colorectal cancer
risk can be explained by the release of inflammatory factors by adipose tissue-derived cell types,
including macrophages and adipocytes [52]. Obesity may cause infiltration of adipose tissue by a
large number of M1-polarized macrophages (a pro-inflammatory phenotype) that gradually replace
M2-polarized cells (an anti-inflammatory phenotype) [53,54]. M1 macrophages lead to adipose
secretion of several pro-inflammatory cytokines, such as TNF-α, IL-1, and IL-6, contributing to affect
the microenvironment of tumor growth [55]. Furthermore, adipocytes also can produce polypeptide
hormones (e.g., adiponectin and leptin), TNF-α, IL-6 and free fatty acid to mediate inflammatory
response in colorectal cancer [56].

Smoking is associated with a wide range of alterations in inflammatory marker levels and
smoking-induced inflammation may be a critical mechanism in cancer development [57]. In the
present study, we observed a stronger positive association between the E-DII and colorectal cancer risk
among ever smokers compared with nonsmokers. Few studies have explored the association based on
smoking status. A study conducted in Germany found that diet-related inflammation had no effect on
all-cause mortality in colorectal cancer survivors who smoked or did not smoke [58]. But those results
should not be over-interpreted as there were only 126 current smokers among the 1404 colorectal
cancer long-term survivors.

The present study has several strengths. This is the first epidemiologic study to investigate
the association between the inflammatory potential of diet and colorectal cancer risk in China,
which has different dietary patterns and high colorectal cancer incidence. The sample size was
relatively large relative to other case-control studies. Generally, study participants did not know the
inflammatory potential of different foods, and the hypothesis of our research also was not revealed
to all study subjects, thereby minimizing information bias. Moreover, several potential confounders,
including socio-demographic characteristics and lifestyle factors, were adjusted when assessing the
association between the E-DII and colorectal cancer risk.

This study also has some limitations. First, selection bias is potential limitation in case-control
studies. All cases were recruited from Sun Yat-sen University Cancer Center, the biggest cancer center
in Southern China. However, the clinical characteristics of colorectal cancer patients in this center were
similar to those of patients from other large hospitals in Guangdong province [59] or in mainland
China [60]. In addition, the high participant rate (89.74 and 88.51% for cases and hospital-derived
controls, respectively) also served to reduce selection bias. Second, the possibility of recall bias should
be considered. To minimize the bias, we interviewed newly diagnosed colorectal cancer patients and
the average time interval between their diagnosed and the interview was 9.8 days. Photographs of
foods with usual portion size also were provided for subjects to collect dietary information accurately.
Third, 11 of the 45 food parameters were not available for calculating the E-DII score, including
components such as turmeric, saffron, eugenol, rosemary, and thyme/oregano. It should be noted,
however, that these components are infrequently consumed in Chinese adults; so, non-availability of
these components may not have had a major impact. Also, a previous study showed that the statistical
association was stable when only 28 food parameters out of 45 were used for the DII calculation [23].
Finally, our results were not adjusted for regular use of anti-inflammatory drugs, such as NSAIDs
or Aspirin, which may mask the real relationship between the dietary inflammatory potential and
colorectal cancer risk. However, we interviewed the cases as soon as the diagnosis and treatments
were made, and most of these cases had not used NSAIDs or Aspirin before the interview. Therefore,
the results of our study may not be greatly affected by regular use of some anti-inflammatory drugs.



Nutrients 2020, 12, 232 12 of 15

In conclusion, a higher E-DII score was associated with an increased risk of colorectal cancer
among Chinese population, suggesting a potential role of diet-related inflammation in colorectal
carcinogenesis. Results from this important study in a unique Chinese population add to the impressive
list of others that previously examined the role of diet-related inflammation in colorectal carcinogenesis
and are now part of the established literature on the subject.

Author Contributions: Conceptualization, C.-X.Z. and A.A.; formal analysis, A.A.; funding acquisition, C.-X.Z.;
investigation, A.A., X.Z., C.-Y.H., and X.-L.F.; methodology, C.-X.Z. and A.A.; project administration, C.-X.Z.;
resources, Y.-J.F., Y.-M.C., and C.-X.Z.; supervision, C.-X.Z.; visualization, C.-X.Z. and A.A.; writing—original
draft preparation, A.A.; writing—review and editing, N.S., J.R.H., and C.-X.Z. All authors have read and agreed to
the published version of the manuscript.

Funding: This study was supported by the National Natural Science Foundation of China (No. 81973020,
81871991), Guangdong Natural Science Foundation (No: 2019A1515011931, 2016A030313225).

Conflicts of Interest: 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 smartphone applications for patient counseling and dietary
intervention in clinical settings. Nitin Shivappa is an employee of CHI. The subject matter of this paper will not
have any direct bearing on that work, nor has that activity exerted any influence on this project. The other authors
declare that they have no conflict of interest.

References

1. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer
J. Clin. 2018, 68, 394–424. [CrossRef]

2. Grivennikov, S.I. Inflammation and colorectal cancer: Colitis-associated neoplasia. In Seminars
Immunopathology; Springer: Berlin/Heidelberg, Germany, 2013; Volume 35, pp. 229–244.

3. Guina, T.; Biasi, F.; Calfapietra, S.; Nano, M.; Poli, G. Inflammatory and redox reactions in colorectal
carcinogenesis. Ann. N. Y. Acad. Sci. 2015, 1340, 95–103. [CrossRef]

4. Kappelman, M.D.; Farkas, D.K.; Long, M.D.; Erichsen, R.; Sandler, R.S.; Sorensen, H.T.; Baron, J.A. Risk of
cancer in patients with inflammatory bowel diseases: A nationwide population-based cohort study with 30
years of follow-up evaluation. Clin. Gastroenterol. Hepatol. 2014, 12, 265–273. [CrossRef] [PubMed]

5. Herrinton, L.J.; Liu, L.; Levin, T.R.; Allison, J.E.; Lewis, J.D.; Velayos, F. Incidence and mortality of colorectal
adenocarcinoma in persons with inflammatory bowel disease from 1998 to 2010. Gastroenterology 2012, 143,
382–389. [CrossRef] [PubMed]

6. Friis, S.; Riis, A.H.; Erichsen, R.; Baron, J.A.; Sorensen, H.T. Low-dose aspirin or nonsteroidal
anti-inflammatory drug use and colorectal cancer risk: A population-based, case-control study. Ann. Int. Med.
2015, 163, 347–355. [CrossRef] [PubMed]

7. Zitvogel, L.; Pietrocola, F.; Kroemer, G. Nutrition, inflammation and cancer. Nat. Immunol. 2017, 18, 843–850.
[CrossRef] [PubMed]

8. Giugliano, D.; Ceriello, A.; Esposito, K. The effects of diet on inflammation: Emphasis on the metabolic
syndrome. J. Am. Coll. Cardiol. 2006, 48, 677–685. [CrossRef] [PubMed]

9. Barbaresko, J.; Koch, M.; Schulze, M.B.; Nothlings, U. Dietary pattern analysis and biomarkers of low-grade
inflammation: A systematic literature review. Nutr. Rev. 2013, 71, 511–527. [CrossRef] [PubMed]

10. Schwingshackl, L.; Hoffmann, G. Mediterranean dietary pattern, inflammation and endothelial function:
A systematic review and meta-analysis of intervention trials. Nutr. Metab. Cardiovasc. Dis. 2014, 24, 929–939.
[CrossRef]

11. Rosato, V.; Guercio, V.; Bosetti, C.; Negri, E.; Serraino, D.; Giacosa, A.; Montella, M.; La Vecchia, C.; Tavani, A.
Mediterranean diet and colorectal cancer risk: A pooled analysis of three Italian case-control studies.
Br. J. Cancer 2016, 115, 862–865. [CrossRef]

12. Shivappa, N.; Steck, S.E.; Hurley, T.G.; Hussey, J.R.; Hébert, J.R. Designing and developing a literature-derived,
population-based dietary inflammatory index. Public Health Nutr. 2014, 17, 1689–1696. [CrossRef] [PubMed]

13. Shivappa, N.; Wirth, M.D.; Hurley, T.G.; Hébert, J.R. Association between the dietary inflammatory index
(DII) and telomere length and C-reactive protein from the National Health and Nutrition Examination
Survey-1999-2002. Mol. Nutr. Food Res. 2017, 61, 1600630. [CrossRef] [PubMed]

http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.1111/nyas.12734
http://dx.doi.org/10.1016/j.cgh.2013.03.034
http://www.ncbi.nlm.nih.gov/pubmed/23602821
http://dx.doi.org/10.1053/j.gastro.2012.04.054
http://www.ncbi.nlm.nih.gov/pubmed/22609382
http://dx.doi.org/10.7326/M15-0039
http://www.ncbi.nlm.nih.gov/pubmed/26302241
http://dx.doi.org/10.1038/ni.3754
http://www.ncbi.nlm.nih.gov/pubmed/28722707
http://dx.doi.org/10.1016/j.jacc.2006.03.052
http://www.ncbi.nlm.nih.gov/pubmed/16904534
http://dx.doi.org/10.1111/nure.12035
http://www.ncbi.nlm.nih.gov/pubmed/23865797
http://dx.doi.org/10.1016/j.numecd.2014.03.003
http://dx.doi.org/10.1038/bjc.2016.245
http://dx.doi.org/10.1017/S1368980013002115
http://www.ncbi.nlm.nih.gov/pubmed/23941862
http://dx.doi.org/10.1002/mnfr.201600630
http://www.ncbi.nlm.nih.gov/pubmed/27878970


Nutrients 2020, 12, 232 13 of 15

14. Shivappa, N.; Hébert, 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. [CrossRef] [PubMed]

15. Shin, D.; Lee, K.W.; Brann, L.; Shivappa, N.; Hébert, J.R. Dietary inflammatory index is positively associated
with serum high-sensitivity C-reactive protein in a Korean adult population. Nutrition 2019, 63–64, 155–161.
[CrossRef] [PubMed]

16. Vahid, F.; Shivappa, N.; Faghfoori, Z.; Khodabakhshi, A.; Zayeri, F.; Hébert, 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. 2018, 19, 1471–1477. [PubMed]

17. Shivappa, N.; Bonaccio, M.; Hébert, 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. Kotemori, A.; Sawada, N.; Iwasaki, M.; Yamaji, T.; Shivappa, N.; Hébert, J.R.; Ishihara, J.; Inoue, M.;
Tsugane, S. Validating the dietary inflammatory index using inflammatory biomarkers in a Japanese
population: A cross-sectional study of the JPHC-FFQ validation study. Nutrition 2019, 69, 110569. [CrossRef]

19. Corley, J.; Shivappa, N.; Hébert, J.R.; Starr, J.M.; Deary, I.J. Associations between dietary inflammatory index
scores and inflammatory biomarkers among older adults in the Lothian birth cohort 1936 study. J. Nutr.
Health Aging 2019, 23, 628–636. [CrossRef]

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

21. 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 2015, 26, 399–408.
[CrossRef]

22. Wirth, M.D.; Shivappa, N.; Steck, S.E.; Hurley, T.G.; Hébert, 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]

23. 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]

24. Tabung, F.K.; Steck, S.E.; Ma, Y.; Liese, A.D.; Zhang, J.; Lane, D.S.; Ho, G.Y.F.; Hou, L.; Snetselaar, L.;
Ockene, J.K.; et al. Changes in the inflammatory potential of diet over time and risk of colorectal cancer in
postmenopausal women. Am. J. Epidemiol. 2017, 186, 514–523. [CrossRef] [PubMed]

25. Zamora-Ros, R.; Shivappa, N.; Steck, S.E.; Canzian, F.; Landi, S.; Alonso, M.H.; Hébert, 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] [PubMed]

26. Shivappa, N.; Zucchetto, A.; Montella, M.; Serraino, D.; Steck, S.E.; La Vecchia, C.; Hébert, J.R. Inflammatory
potential of diet and risk of colorectal cancer: A case-control study from Italy. Br. J. Nutr. 2015, 114, 152–158.
[CrossRef] [PubMed]

27. Niclis, C.; Pou, S.A.; Shivappa, N.; Hébert, J.R.; Steck, S.E.; Diaz, M.D.P. Proinflammatory dietary intake
is associated with increased risk of colorectal cancer: Results of a case-control study in Argentina using a
multilevel modeling approach. Nutr. Cancer 2018, 70, 61–68. [CrossRef]

28. Sharma, I.; Zhu, Y.; Woodrow, J.R.; Mulay, S.; Parfrey, P.S.; McLaughlin, J.R.; Hébert, J.R.; Shivappa, N.; Li, Y.;
Zhou, X.; et al. Inflammatory diet and risk for colorectal cancer: A population-based case-control study in
Newfoundland, Canada. Nutrition 2017, 42, 69–74. [CrossRef]

29. Obon-Santacana, M.; Romaguera, D.; Gracia-Lavedan, E.; Molinuevo, A.; Molina-Montes, E.; Shivappa, N.;
Hébert, J.R.; Tardon, A.; Castano-Vinyals, G.; Moratalla, F.; et al. Dietary inflammatory index, dietary
non-enzymatic antioxidant capacity, and colorectal and breast cancer risk (MCC-Spain Study). Nutrients
2019, 11, 1406. [CrossRef]

30. 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]

http://dx.doi.org/10.1002/mnfr.201600707
http://www.ncbi.nlm.nih.gov/pubmed/27981781
http://dx.doi.org/10.1016/j.nut.2018.11.016
http://www.ncbi.nlm.nih.gov/pubmed/30999247
http://www.ncbi.nlm.nih.gov/pubmed/29936717
http://dx.doi.org/10.1016/j.nut.2018.04.004
http://dx.doi.org/10.1016/j.nut.2019.110569
http://dx.doi.org/10.1007/s12603-019-1221-y
http://dx.doi.org/10.1158/1055-9965.EPI-14-0537
http://dx.doi.org/10.1007/s10552-014-0515-y
http://dx.doi.org/10.1017/S000711451500104X
http://www.ncbi.nlm.nih.gov/pubmed/25871645
http://dx.doi.org/10.3945/jn.116.242529
http://dx.doi.org/10.1093/aje/kwx115
http://www.ncbi.nlm.nih.gov/pubmed/28486621
http://dx.doi.org/10.1007/s12263-014-0447-x
http://www.ncbi.nlm.nih.gov/pubmed/25488145
http://dx.doi.org/10.1017/S0007114515001828
http://www.ncbi.nlm.nih.gov/pubmed/26050563
http://dx.doi.org/10.1080/01635581.2018.1397710
http://dx.doi.org/10.1016/j.nut.2017.05.010
http://dx.doi.org/10.3390/nu11061406
http://dx.doi.org/10.3390/nu8080469


Nutrients 2020, 12, 232 14 of 15

31. Shivappa, N.; Hébert, J.R.; Steck, S.E.; Hofseth, L.J.; Shehadah, I.; Bani-Hani, K.E.; Al-Jaberi, T.; Al-Nusairr, M.;
Heath, D.; Tayyem, R. Dietary inflammatory index and odds of colorectal cancer in a case-control study from
Jordan. Appl. Physiol. Nutr. Metab. 2017, 42, 744–749. [CrossRef]

32. Rafiee, P.; Shivappa, N.; Hébert, J.R.; Nasab, S.J.; Bahrami, A.; Hekmatdoost, A.; Rashidkhani, B.; Sadeghi, A.;
Houshyari, M.; Hejazi, E. Dietary inflammatory index and odds of colorectal cancer and colorectal
adenomatous polyps in a case-control study from Iran. Nutrients 2019, 11, 1213. [CrossRef] [PubMed]

33. Shivappa, N.; Hébert, 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. 2018, 19, 1999–2006.
[PubMed]

34. Batis, C.; Sotres-Alvarez, D.; Gordon-Larsen, P.; Mendez, M.A.; Adair, L.; Popkin, B. Longitudinal analysis of
dietary patterns in Chinese adults from 1991 to 2009. Br. J. Nutr. 2014, 111, 1441–1451. [CrossRef] [PubMed]

35. Zhong, X.; Fang, Y.J.; Pan, Z.Z.; Li, B.; Wang, L.; Zheng, M.C.; Chen, Y.M.; Zhang, C.X. Dietary fat, fatty
acid intakes and colorectal cancer risk in Chinese adults: A case-control study. Eur. J. Cancer Prev. 2013, 22,
438–447. [CrossRef]

36. Nimptsch, K.; Zhang, X.; Cassidy, A.; Song, M.; O’Reilly, E.J.; Lin, J.H.; Pischon, T.; Rimm, E.B.; Willett, W.C.;
Fuchs, C.S.; et al. Habitual intake of flavonoid subclasses and risk of colorectal cancer in 2 large prospective
cohorts. Am. J. Clin. Nutr. 2016, 103, 184–191. [CrossRef]

37. Steeves, J.A.; Tudor-Locke, C.; Murphy, R.A.; King, G.A.; Fitzhugh, E.C.; Harris, T.B. Classification of
occupational activity categories using accelerometry: NHANES 2003–2004. Int. J. Behav. Nutr. Phys. Act.
2015, 12, 89. [CrossRef]

38. Ainsworth, B.E.; Haskell, W.L.; Whitt, M.C.; Irwin, M.L.; Swartz, A.M.; Strath, S.J.; O’Brien, W.L.;
Bassett, D.R., Jr.; Schmitz, K.H.; Emplaincourt, P.O.; et al. Compendium of physical activities: An update of
activity codes and MET intensities. Med. Sci. Sports Exerc. 2000, 32, S498–S504. [CrossRef]

39. Ainsworth, B.E.; Haskell, W.L.; Herrmann, S.D.; Meckes, N.; Bassett, D.R., Jr.; Tudor-Locke, C.; Greer, J.L.;
Vezina, J.; Whitt-Glover, M.C.; Leon, A.S. 2011 compendium of physical activities: A second update of codes
and MET values. Med. Sci. Sports Exerc. 2011, 43, 1575–1581. [CrossRef]

40. Zhou, B.F. Predictive values of body mass index and waist circumference for risk factors of certain related
diseases in Chinese adults—Study on optimal cut-off points of body mass index and waist circumference in
Chinese adults. Biomed. Environ. Sci. 2002, 15, 83–96.

41. Zhang, C.X.; Ho, S.C. Validity and reproducibility of a food frequency Questionnaire among Chinese women
in Guangdong province. Asia Pac. J. Clin. Nutr. 2009, 18, 240–250.

42. Yang, Y.X.; Wang, G.Y.; Pan, X.C. China Food Composition; Peking University Medical Press: Beijing, China, 2002.
43. Hsieh, C.C.; Maisonneuve, P.; Boyle, P.; Macfarlane, G.J.; Roberston, C. Analysis of quantitative data by

quantiles in epidemiologic studies: Classification according to cases, noncases, or all subjects? Epidemiology
1991, 2, 137–140. [CrossRef] [PubMed]

44. Shivappa, N.; Godos, J.; Hébert, J.R.; Wirth, M.D.; Piuri, G.; Speciani, A.F.; Grosso, G. Dietary inflammatory
index and colorectal cancer risk-a meta-analysis. Nutrients 2017, 9, 1043. [CrossRef] [PubMed]

45. 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]

46. Bruce, W.R.; Wolever, T.M.; Giacca, A. Mechanisms linking diet and colorectal cancer: The possible role of
insulin resistance. Nutr. Cancer 2000, 37, 19–26. [CrossRef] [PubMed]

47. Bruce, W.R.; Giacca, A.; Medline, A. Possible mechanisms relating diet and risk of colon cancer.
Cancer Epidemiol. Biomark. Prev. 2000, 9, 1271–1279.

48. Frattini, M.; Balestra, D.; Suardi, S.; Oggionni, M.; Alberici, P.; Radice, P.; Costa, A.; Daidone, M.G.; Leo, E.;
Pilotti, S.; et al. Different genetic features associated with colon and rectal carcinogenesis. Clin. Cancer Res.
2004, 10, 4015–4021. [CrossRef] [PubMed]

49. Murphy, N.; Strickler, H.D.; Stanczyk, F.Z.; Xue, X.; Wassertheil-Smoller, S.; Rohan, T.E.; Ho, G.Y.;
Anderson, G.L.; Potter, J.D.; Gunter, M.J. A Prospective evaluation of endogenous sex hormone levels
and colorectal cancer risk in postmenopausal women. JNCI J. Natl. Cancer Inst. 2015, 107. [CrossRef]

50. Konstantinopoulos, P.A.; Kominea, A.; Vandoros, G.; Sykiotis, G.P.; Andricopoulos, P.; Varakis, I.;
Sotiropoulou-Bonikou, G.; Papavassiliou, A.G. Oestrogen receptor beta (ERbeta) is abundantly expressed in

http://dx.doi.org/10.1139/apnm-2017-0035
http://dx.doi.org/10.3390/nu11061213
http://www.ncbi.nlm.nih.gov/pubmed/31142015
http://www.ncbi.nlm.nih.gov/pubmed/30051697
http://dx.doi.org/10.1017/S0007114513003917
http://www.ncbi.nlm.nih.gov/pubmed/24331247
http://dx.doi.org/10.1097/CEJ.0b013e32835e88c4
http://dx.doi.org/10.3945/ajcn.115.117507
http://dx.doi.org/10.1186/s12966-015-0235-z
http://dx.doi.org/10.1097/00005768-200009001-00009
http://dx.doi.org/10.1249/MSS.0b013e31821ece12
http://dx.doi.org/10.1097/00001648-199103000-00008
http://www.ncbi.nlm.nih.gov/pubmed/1932311
http://dx.doi.org/10.3390/nu9091043
http://www.ncbi.nlm.nih.gov/pubmed/28930191
http://dx.doi.org/10.1161/01.CIR.102.1.42
http://www.ncbi.nlm.nih.gov/pubmed/10880413
http://dx.doi.org/10.1207/S15327914NC3701_2
http://www.ncbi.nlm.nih.gov/pubmed/10965515
http://dx.doi.org/10.1158/1078-0432.CCR-04-0031
http://www.ncbi.nlm.nih.gov/pubmed/15217933
http://dx.doi.org/10.1093/jnci/djv210


Nutrients 2020, 12, 232 15 of 15

normal colonic mucosa, but declines in colon adenocarcinoma paralleling the tumour’s dedifferentiation.
Eur. J. Cancer 2003, 39, 1251–1258. [CrossRef]

51. Edvardsson, K.; Strom, A.; Jonsson, P.; Gustafsson, J.A.; Williams, C. Estrogen receptor beta induces
antiinflammatory and antitumorigenic networks in colon cancer cells. Mol. Endocrinol. 2011, 25, 969–979.
[CrossRef]

52. Tilg, H.; Moschen, A.R. Mechanisms behind the link between obesity and gastrointestinal cancers. Best. Pract.
Res. Clin. Gastroenterol. 2014, 28, 599–610. [CrossRef]

53. Weisberg, S.P.; McCann, D.; Desai, M.; Rosenbaum, M.; Leibel, R.L.; Ferrante, A.W., Jr. Obesity is associated
with macrophage accumulation in adipose tissue. J. Clin. Investig. 2003, 112, 1796–1808. [CrossRef] [PubMed]

54. Lumeng, C.N.; Bodzin, J.L.; Saltiel, A.R. Obesity induces a phenotypic switch in adipose tissue macrophage
polarization. J. Clin. Investig. 2007, 117, 175–184. [CrossRef] [PubMed]

55. Hao, N.B.; Lu, M.H.; Fan, Y.H.; Cao, Y.L.; Zhang, Z.R.; Yang, S.M. Macrophages in tumor microenvironments
and the progression of tumors. Clin. Dev. Immunol. 2012, 2012, 948098. [CrossRef] [PubMed]

56. Yehuda-Shnaidman, E.; Schwartz, B. Mechanisms linking obesity, inflammation and altered metabolism to
colon carcinogenesis. Obes. Rev. 2012, 13, 1083–1095. [CrossRef]

57. Shiels, M.S.; Katki, H.A.; Freedman, N.D.; Purdue, M.P.; Wentzensen, N.; Trabert, B.; Kitahara, C.M.; Furr, M.;
Li, Y.; Kemp, T.J.; et al. Cigarette smoking and variations in systemic immune and inflammation markers.
J. Natl. Cancer Inst. 2014, 106, dju294. [CrossRef]

58. Ratjen, I.; Shivappa, N.; Schafmayer, C.; Burmeister, G.; Nothlings, U.; Hampe, J.; Hebert, J.R.; Lieb, W.;
Schlesinger, S. Association between the dietary inflammatory index and all-cause mortality in colorectal
cancer long-term survivors. Int. J. Cancer. 2019, 144, 1292–1301. [CrossRef]

59. Xu, A.G.; Jiang, B.; Zhong, X.H.; Yu, Z.J.; Liu, J.H. The trend of clinical characteristics of colorectal cancer
during the past 20 years in Guangdong province. Zhonghua Yi Xue Za Zhi 2006, 86, 272–275.

60. Dai, Z.; Zheng, R.S.; Zou, X.N.; Zhang, S.W.; Zeng, H.M.; Li, N.; Chen, W.Q. Analysis and prediction of
colorectal cancer incidence trend in China. Zhonghua Yu Fang Yi Xue Za Zhi 2012, 46, 598–603.

© 2020 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/10.1016/S0959-8049(03)00239-9
http://dx.doi.org/10.1210/me.2010-0452
http://dx.doi.org/10.1016/j.bpg.2014.07.006
http://dx.doi.org/10.1172/JCI200319246
http://www.ncbi.nlm.nih.gov/pubmed/14679176
http://dx.doi.org/10.1172/JCI29881
http://www.ncbi.nlm.nih.gov/pubmed/17200717
http://dx.doi.org/10.1155/2012/948098
http://www.ncbi.nlm.nih.gov/pubmed/22778768
http://dx.doi.org/10.1111/j.1467-789X.2012.01024.x
http://dx.doi.org/10.1093/jnci/dju294
http://dx.doi.org/10.1002/ijc.31919
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Subjects 
	Data Collection 
	Dietary Inflammatory Index (DII®) 
	Statistical Analysis 

	Results 
	Discussion 
	References

