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Dietary total antioxidant capacity and colorectal cancer and 
colorectal adenomatous polyps: a case-control study
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Colorectal cancer (CRC) is the third most common and 
the third most deadly cancer worldwide. In Iran, CRC is 
the third and fifth most common cancer in females and 
males, respectively. Chronic oxidative stress has been 
implicated in the development of CRC and its precursor, 
colorectal adenomatous polyps (CAP). While there were a 
few studies that suggested a favorable role of individuals 
antioxidants on the CRC risk, the total antioxidant capacity 
(TAC) of diet has been less investigated. Consequently, 
the aim of this study is to investigate the association of 
TAC with the odds of CRC and CAP. This is a case-control 
study. The participants were 130 cases with incident, 
histologically confirmed CRC, 134 cases with incident 
of CAP and 243 hospital-based controls. TAC has been 
assessed with dietary ferric-reducing antioxidant potential 
and oxygen radical absorbance capacity method based 
on collected dietary intake data through a reproducible 
and valid food frequency questionnaire. Adjusted odds 
ratios (ORs) and 95% confidence intervals (CIs) for 
the association between the TAC and CRC and CAP 
odds were estimated by multiple logistic regression. 
After controlling for potential confounders, TAC was 
significantly associated with CRC and CAP odds. (OR

Q3-Q1
 

for CRC = 0.25, 95% CI: 0.13–0.46, P
trend 

= 0.001. OR
Q3-Q1

 for 

CAP = 0.48, 95% CI: 0.27–0.85, P
trend

 = 0.01). The findings 
of this study suggested an inverse association between 
TAC and CRC and CAP risk. European Journal of Cancer 
Prevention 30: 40–45 Copyright © 2020 Wolters Kluwer 
Health, Inc. All rights reserved.
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Background
Colorectal cancer (CRC) is the third most diagnosed 
malignancy in men and the second most common can-
cer in women. In 2012, more than 940 000 new cases and 
approximately 500 000 deaths were estimated which 
was responsible for 9.7% of total cancer. Despite a wide 
geographical variation, approximately 55% of the cases 
occurred in more developed countries (Ferlay et al., 2015; 
Mosallaei et al., 2018). Although the occurrence of CRC 
is lower in developing countries, evidence has shown 
a steady increase in the rate of CRC in Asia, including 
Iran (Kolahdoozan et al., 2010; Rafiemanesh et al., 2016), 
where the disease is the third most common cancer in 
men and the fourth one in women. The incidence rate of 
this cancer for men and women is 8.1–8.3 and 6.5–7.5 per 
100 000, respectively (Azadeh et al., 2008; Kolahdoozan et 
al., 2010).

CRC is a multifactorial chronic disease, where both 
genetic and environmental factors played important 

roles. Among these modifiable factors are cigarette smok-
ing, low physical activity, and obesity, heavy alcohol con-
sumption, obesity, and use of certain medications such 
as contraceptive pills and NSAIDs, high consumption of 
red meat and low intake of fruits and vegetables (Amersi 
et al., 2005; Azadeh et al., 2008; Haggar and Boushey, 2009; 
Finlay and Macrae, 2017). The nonmodifiable risk factors 
include age, gender, race, familial adenomatous polypo-
sis, hereditary nonpolyposis CRC, colonic polyps, and 
inflammatory bowel disease (Amersi et al., 2005). Colonic 
adenomatous polyps (CAPs) are defined as mucosal or 
submucosal lesions and are considered precursors of 
CRC (Shussman and Wexner, 2014) with a few common 
pathogenesis factors (Chen et al., 2017).

Although diet and lifestyle are strongly related to CRC 
etiology, a single food parameter is weakly associated 
with a disease. Rather, a pattern of dietary exposure 
seems to be more predictive of the effect of diet on 
diseases (Cheng et al., 2018). It has been hypothesized 
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that a diet rich in vegetables and fruit has been associ-
ated with a reduced risk of cancers. Plant foods such as 
berries, brassica family, whole-grain cereals, coffee, and 
red wine are high in various antioxidants (Miller et al., 
2000; Pellegrini et al., 2003). Various antioxidants can act 
synergistically to prevent cancers. Assessment of overall 
dietary antioxidant intake is important for evaluating the 
effects of diet on cancers. Accordingly, dietary total anti-
oxidant capacity (TAC) is suggested as an index that is 
more related to cancer risk compared with a single food 
(Nascimento-Souza et al., 2018). TAC is defined as the 
moles of antioxidants neutralized with 1 L of plasma or 
food extracts (Serafini and Del Rio, 2004). The protective 
role of dietary TAC against colorectal polyp and cancers 
has been shown in studies among western populations 
(Mekary et al., 2010; La Vecchia et al., 2013; Vece et al., 
2015; Bastide et al., 2016; Amiano et al., 2019); however, 
data in developing countries are not available. The aim 
of this study was to evaluate the association between die-
tary TAC and the odds of CAP and CRC.

Materials and methods
Participants
This hospital-based case-control study was con-
ducted in three referral hospitals (Ayatollah Taleghani, 
ShohadaieTajrish, and Imam Hossein) in Tehran, Iran. 
Colorectal adenomatous cases were recruited from the 
patients with colonoscopy and pathologically confirmed 
adenomatous polyps among asymptomatic individuals 
referred by their physicians for rectal bleeding, routine 
screening or having positive routine fecal occult blood 
testing. CAP cases were aged 30–79. CRC cases were 
patients with colonoscopy and pathologically confirmed 
malignancy, aged 30–79, diagnosed in last 3 months before 
the interview and without diagnosis of any other type of 
cancer or adenomatous polyps. Controls were enrolled 
randomly from patients admitted to the same hospitals, 
at the same time and setting aged 30–70, with no diagno-
sis of neoplastic condition and did not have special diet. 
Controls matching was based on age (±10 years) and sex 
with cases. Data collection was carried out during face-to-
face interview in the hospital setting.

Inclusion and exclusion criteria
Inclusion criteria included the following: (1) not fol-
lowing special diet that influences patient’s weight; (2) 
absence of malignancy in the control group; (3) being in 
the age range of 20–80 years; and (4) willingness to partic-
ipate in the study.

Exclusion criteria included the following: (1) lactation or 
pregnancy and (2) history of malignancy or adenomatous 
polyps.

Assessment of dietary intake
In this study, dietary intakes of participants over the 
past year were evaluated by a semiquantitative valid 

and reliable Food Frequency Questionnaire (FFQ), con-
sisting of 148 food items (Mirmiran et al., 2010). Intakes 
of specific food items such as saffron and ginger were 
needed for the assessment of TAC; however, such infor-
mation could not be inferred from the FFQ. Therefore, 
corresponding questions were added to the question-
naire. For the assessment of dietary intake, participants 
were asked to provide their frequency of consumption of 
each food item (daily, weekly, monthly, and yearly) based 
on the standard portion size for each food item. These 
frequencies were then converted to grams per day. The 
ferric-reducing ability of plasma assay (FRAP) and oxy-
gen radical absorbance capacity (ORAC) were used to 
assess the TAC of study participants’ dietary intakes.

Dietary TAC was obtained from previous papers, based 
on the FRAP values of 106 selected food items. The 
FRAP assay is a tool measuring the ability of dietary anti-
oxidants to reduce ferric to ferrous ions. The FRAP val-
ues expressed as mmol per 100 g of foods (mmol/100 g). 
For similar food items in Iranian culture (e.g., several 
types of breads), the overall mean value was calculated. 
Finally, the frequencies of consumption of each food 
item were multiplied by their related FRAP values and 
then summed up to obtain dietary TAC for each partici-
pant (Haytowitz and Bhagwat, 2010).

To calculate the total ORAC for each participant, we 
used the United States Department of Agriculture data-
base for ORAC, Release 2. Total ORAC was reported in 
micromole of Trolox equivalents (mmolTE) (Haytowitz 
and Bhagwat, 2010).

Assessment of other variables
In addition to dietary intake, data collection included 
sociodemographic characteristics, family history of can-
cer and CRC, smoking habit, physical activity, medical 
history (comorbidities, medications, and vitamin/mineral 
supplements intake), and usual cooking techniques. The 
participant’s height and weight were measured to the 
closest 0.1 cm and 100 g, respectively. The physical activ-
ity was measured using a valid questionnaire.

Statistical analysis
Characteristics of study participants were described using 
means ± SD and proportion. The normality of distribu-
tions was determined by the Kolmogorov–Smirnov test.

The Student’s t-test and analysis of variance for normal 
distribution variables and the Mann–Whitney U test and 
Kruskal–Wallis test for the variables with nonnormal dis-
tributions were used. The Chi-square test was used to 
compare categorical variables. Crude odds ratios (ORs) 
and their corresponding 95% confidence intervals (CIs) 
were calculated using binary logistic regression. Multiple 
logistic regression analyses were employed to adjust for 
potential confounders. P values below 0.05 were consid-
ered as statistically significant.
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Results
Participants with incomplete FFQ data or with total 
energy intake outside the range of ±3 SD from the 
mean were excluded. Accordingly, 33 participants were 
removed from the analysis for this study; 28 controls, 4 
CRC, and 1 CAP cases.

FRAP score without spices ranged from 0.8 (the least 
antioxidant capacity) to 38.53 (most antioxidant capac-
ity). The basic characteristics of the study participants are 
presented in Table 1. By design, participants’ ages were 
similar in all groups. Compared with controls, patients 
with CAP had significantly more comorbidities (such as 
diabetes, hypertension, and cardiovascular diseases), less 
physical activity, ate more steam cooked foods, had lower 
salt intake, and had lower calcium intake. CRC patients 
reported a higher frequency of diabetes and cardiovas-
cular disease, family history of cancer in the first degree, 
and higher salt intake. Also CRC patients ate more fried, 
grilled, and combined cooked foods.

ORs and 95% CIs for the odds of CRC and CAP accord-
ing to the continuous and categorical model of FRAP 
with and without spices are reported in Tables 2 and 3.

Results obtained from modeling FRAP with and without 
spices as a continuous variable in relation to the risk of 
CRC showed a positive association in the multivariable 
analysis (FRAP

continuous
 with and without spices = 0.81; 

95% CI: 0.75–0.87). When the analysis was carried out 

with FRAP expressed as tertiles, and adjusted for con-
founders, the OR in the third tertile of FRAP with and 
without spices are respectively (OR = 0.25; 95% CI: 
0.13–0.46, P for trend = 0.00 and OR = 0.26; 95% CI: 0.14–
0.4846, P for trend = 0.00).

The same analysis was carried out for adenomatous 
polyps. For the continuous model of FRAP in rela-
tion to risk of the adenomatous model, the results 
showed a positive association (FRAP score with spices: 
OR

continuous 
= 0.91; 95% CI: 0.86–0.96, FRAP score with-

out spices: OR
continuous 

= 0.90; 95% CI: 0.85–0.95). When 
the analysis was performed using FRAP as categorical 
variables (tertiles of FRAP), the highest tertile of FRAP 
when compared with the lowest tertile showed a signifi-
cant negative association with the odds of CAPs (FRAP 
with spices: OR

3rd tertile vs. 1st tertile 
= 0.48; 95% CI: 0.27–0.85. 

FRAP without spices: OR
3rd tertile vs. 1st tertile 

= 0.39; 95% CI: 
0.22–0.70).

The association of diet with CAP and CRC was also 
examined using the ORAC score. ORs and 95% CIs for 
the risk of CRC and adenomatous polyps based on the 
continuous and categorical model of ORAC with and 
without spices are reported in Tables 4 and 5. The multi-
variable adjusted regression analyses showed an inverse 
association of ORAC with CRC and colorectal adenoma-
tous polyp (the continuous ORAC with spices and CRC 
risk: OR

continuous 
= 0.85; 95% CI: 0.81–0.90 and OR

continuous
 

for ORAC without spices = 0.81; 95% CI: 0.75–0.87; the 

Table 1  Baseline characteristics of patients with colorectal cancer (n = 130), colorectal adenomatous polyps (n = 134) and controls 
(n = 240) in an Iranian case-control study, 2017–2018

Variables Controls (n =240) Cancers (n = 130) Adenomas (n = 134) P valuea P valueb

Age [median (IQR)] 56 (50–61.75) 59 (49.25–64) 58 (51–64) 0.06 0.09
Gender (male), n (%) 133 (55.4) 66 (51.2) 59 (45.4) 0.43 0.06
BMI [median (IQR)] 26.53 (24.10–29.40) 39.30 (37.17–40.90) 26.79 (23.86–29.40) 0.23 0.95
Smoking (yes), n (%) 42 (17.5) 26 (20.2) 27 (20.8) 0.53 0.11
Comorbidity (yes), n (%) 41 (17.1) 21 (16.3) 40 (30.8) 0.84 0.002
Diabetes (yes), n (%) 19 (7) 11 (10) 20 (30) 0.001 0.03
Hypertension (yes), n (%) 12 (5) 6 (4.5) 12 (39) 0.07 0.01
Cardiovascular disease (yes), n (%) 10 (4.1) 4 (3) 8 (19) 0.009 0.008
Family history of cancer in first degree (yes), n (%) 89 (32.9) 66 (51.2) 48 (36.9) 0.001 0.43
Colorectal cancer family history in first degree (yes), n (%) 18 (7.5) 10 (7.8) 17 (13.1) 0.15 0.08
Common ways of cooking food, n (%)
  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, n (%)
  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 [median (IQR)] (met/h/day) 39.02 (36.51–41.33) 39.30 (37.17–40.90) 37.75 (34.67–40.40) 0.85 0.003
Vitamin D supplement (yes), n (%) 56 (23.3) 28 (21.7) 40 (30.8) 0.72 0.11
Calcium supplement (yes), n (%) 35 (14.6) 28 (21.7) 32 (24.6) 0.08 0.01
Energy intake [median (IQR)] 2282.28 2188.08 2204.02 0.35 0.35
 (1941.24–2662.76) (1843.91–2649.87) (1827.92–2774.53)   

Sample t-test and Mann–Whitney test were used for continuous variables with normal distribution and nonnormal distribution, respectively, and Chi-square test was used 
for categorical variables. 
IQR, Interquartile Range, ; MET, metabolic equivalent.
aP value between cancers and controls. 
bP value between adenomas and controls independent.
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Table 2  Odds ratios (and 95% confidence intervals) for colorectal cancer by tertiles of dietary ferric reducing antioxidant potential scores 
among participants of the Iranian case-control study (n = 130 patients with colorectal cancer and n = 240 controls)

Tertiles of FRAP with spices

P trend Continuous OR 95% CI

I II III

<11.00 11.00–13.99 >14.00
Number (control/cancer) 79/86 80/33 81/15

  OR 95% CI OR 95% CI

Model 1 Reference 0.45 0.25–0.60 0.34 0.20–0.57 0.00 0.85 0.80–0.90
Model 2 Reference 0.27 0.15–0.51 0.25 0.13–0.46 0.00 0.81 0.75–0.87
 Tertiles of FRAP without spices    

<10.00 10.00–12.99 >13.00
Number (control/cancer) 79/86 80/33 81/15

Model 1 Reference 0.38 0.22–0.67 0.35 0.20–0.60 0.00 0.85 0.79–0.90
Model 2 Reference 0.32 0.17–0.58 0.26 0.14–0.48 0.00 0.81 0.75–0.87

Model 1: adjusted for age.
Model 2: adjusted for age, comorbidities, family history of cancer, common ways of cooking, level of salt intake, physical activity, and calcium supplement.
CI, confidence interval; FRAP, ferric-reducing ability of plasma; OR, odds ratio.

Table 3  Odds ratios (and 95% confidence intervals) for colorectal adenomatous polyp by tertiles of dietary ferric reducing antioxidant 
potential scores among participants of the Iranian case-control study (n = 134 patients with colorectal adenomatous polyp and n = 240 
controls)

Tertiles of FRAP with spices

P trend Continuous OR 95% CI

I II III

<11.00 11.00–13.99 >14.00
Number (control/polyp) 56/47 90/40 94/43
  

OR 95% CI OR 95% CI

Model 1 Reference 0.61 0.36–1.05 0.57 0.34–0.95 0.02 0.92 0.88–0.97
Model 2 Reference 0.51 0.28–0.90 0.48 0.27–0.85 0.01 0.91 0.86–0.96
 Tertiles of FRAP without spices    

<10.00 10.00–12.99 >13.00
Number (control/polyp) 56/47 84/46 100/37

Model 1 Reference 0.59 0.35–1.00 044 0.26–0.74 0.00 0.91 0.86–0.96
Model 2 Reference 0.52 0.29–0.91 0.39 0.22–0.70 0.00 0.90 0.85–0.95

Model 1: adjusted for age.
Model 2: adjusted for age, comorbidities, family history of cancer, common ways of cooking, level of salt intake, physical activity, and calcium supplement.
CI, confidence interval; FRAP, ferric-reducing ability of plasma; OR, odds ratio.

Table 4  Odds ratios (and 95% confidence intervals) for colorectal cancer by tertiles of oxygen radical absorbance capacity scores among 
participants of the Iranian case-control study (n = 130 patients with colorectal cancer and n = 240 controls)

Tertiles of ORAC with spices

P trend Continuous OR 95% CI

I II III

<18.00 18.00–22.99 >23.00
Number (control/cancer) 79/ 86 80/33 81/15
  

OR 95% CI OR 95% CI

Model 1 Reference 0.32 0.19–0.54 0.13 0.06–0.25 0.00 0.86 0.82–0.90
Model 2 Reference 0.26 0.15–0.47 0.11 0.05–0.23 0.00 0.85 0.81–0.90
 Tertiles of ORAC without spices    

<12.00 12.00–15.99 >16.00
Number (percent) control/polyp 53/72 (22.1/55.8) 91/45 (37.9/34.9) 96/12 (40/9.3)

Model 1 Reference 0.39 0.23–0.64 0.09 0.04–0.18 0.00 0.82 0.77–0.87
Model 2 Reference 0.30 0.17–0.53 0.06 0.03–0.15 0.00 0.81 0.75–0.87

Model 1: adjusted for age.
Model 2: adjusted for age, comorbidities, family history of cancer, common ways of cooking, level of salt intake, physical activity, and calcium supplement.
CI, confidence interval; ORAC, oxygen radical absorption capacity; OR, odds ratio.
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continuous ORAC with spices and colorectal adenoma-
tous polyp risk: OR

continuous
 = 0.99; 95% CI: 0.96–1.02 and 

the OR
continuous

 for ORAC without spices = 0.94; 95% CI: 
0.90–0.99).

Among cancer patients, in the multivariable-adjusted 
models for ORAC with and without spices tertiles, those 
subjects in tertile 3 had an OR of 0.11; 95% CI = 0.05–0.23 
and 0.06; 95% CI = 0.03–0.15, respectively. Similar results 
were obtained in patients with adenomatous polyps. In 
the multivariable-adjusted models for ORAC with and 
without spices, those subjects in tertile 3 had an OR of 
0.79; 95% CI = 0.45–1.39 and 0.33; 95% CI: 0.18–0.60, 
respectively.

Discussion
Our results showed that dietary TAC was inversely related 
to the odds of colon polyps, and CRC. These findings are 
consistent with few previous studies in western countries 
(Mekary et al., 2010; La Vecchia et al., 2013; Vece et al., 
2015; Bastide et al., 2016; Amiano et al., 2019). However, 
the Health Professional Follow-up Study found this asso-
ciation only in rectal cancer patients and not in colon can-
cer subjects (Mekary et al., 2010). In addition, in the latter 
study, the association was essentially explained by TAC 
from coffee, decaffeinated coffee, and tea combined, 
whereas the dietary TAC from other food sources was 
not associated with the risk of rectal cancer. In contrast, 
Vece et al. (2015) found an inverse association between 
dietary TAC and colon cancer only. Interestingly, the 
authors also found coffee as the main contributor to die-
tary TAC. In Iran, drinking coffee is not common, on the 
other hand, turmeric is frequently used spice in the coun-
try. Therefore, in this study, turmeric was considered as 
the main contributor to TAC calculation. To evaluate the 
extend of turmeric’s contribution to TAC, we analyzed 
the association of dietary TAC with the main outcomes 
in the study, with and without considering the spice con-
sumption. The results became nonsignificant only when 

we used the ORAC methods for assessment of the asso-
ciation between dietary TAC with spice and colon cancer. 
We ignored this insignificancy because we found a signif-
icant inverse association between dietary TAC with spice 
and colon cancer when we used the FRAP method.

In this study, dietary TAC was mainly derived from 
spices, vegetables, and fruits. The beneficial impacts of 
vegetables and fruits on the risk of colon cancer have 
been shown previously (Koushik et al., 2007; Leenders et 
al., 2015). Moreover, the protective effect of spices espe-
cially turmeric extract on colon cancer have been shown 
previously (Montgomery et al., 2016; Fadus et al., 2017; 
Jaksevicius et al., 2017). A potential mechanism is through 
the scavenging of free radicals by antioxidants, prevent-
ing these molecules to damage cell DNAs, and inhibit the 
malignancy process. Other proposed mechanisms include 
inducing apoptosis, inhibiting proliferation, migration, 
and invasion of tumors (Zheng et al., 2016).

It should be noted that prooxidant properties of dietary 
agents and spices have also been reported (Ahsan et al., 
1999). However, in this study, the net effect of antioxi-
dant capacity of dietary agents and spices was evaluated.

The results of this study showed that total dietary TAC, 
as the sum of all antioxidant food items, plays a pivotal 
role in the prevention of both colon polyps and colon 
cancer.

This study has a few limitations. The first limitation was 
selection bias, which is an inevitable bias in human stud-
ies. To decrease the effect of this bias on the results of this 
study, the same interview setting/techniques and similar 
catchment areas for cases and controls were followed. 
In addition, the participation rate was almost 100% in 
both cases and controls. We excluded from the control 
group patients with admission diagnoses that might have 
involved long-term changes in diet. Another limitation 
of this study was the information bias; because diagnosis 

Table 5  Odds ratios (and 95% confidence intervals) for colorectal adenomatous polyp by tertiles of oxygen radical absorbance capacity 
scores among participants of the Iranian case-control study (n = 134 patients with colorectal adenomatous polyp and n = 240 controls)

Tertiles of ORAC with spices

P trend Continuous OR 95% CI

I II III

<18.00 18.00–22.99 >23.00
Number (percent) control/polyp 73/44 (30.4/33.8) 83/41 (34.6/31.5) 84/45 (35/34.6)

  OR 95% CI OR 95% CI

Model 1 Reference 0.80 0.47–1.37 0.90 0.53–1.52 0.71 1.00 0.97–1.03
Model 2 Reference 0.79 0.45–1.04 0.79 0.45– 1.39 0.43 0.99 0.96–1.02
 Tertiles of ORAC without spices    

<12.00 12.00–15.99 >16.00
Number (percent) control/polyp 72/59 (30/45.4) 77/38 (32.1/29.2) 91/33 (37.9/25.4)

Model 1 Reference 0.46 0.27–0.79 0.36 0.21–0.62 0.00 0.95 0.91–0.99
Model 2 Reference 0.43 0.24–0.76 0.33 0.18–0.60 0.001 0.94 0.90–0.99

Model 1: adjusted for age.
Model 2: adjusted for age, comorbidities, family history of cancer, common ways of cooking, level of salt intake, physical activity, and calcium supplement.
CI, confidence interval; ORAC, oxygen radical absorption capacity; OR, odds ratio.
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of CRC is usually made after a period of symptoms that 
may influence food habits. For this purpose, in this study, 
the dietary intake assessment of cases referred to the year 
preceding diagnosis.

Despite the aforementioned limitations, this study pre-
sents unique strengths. First, this study is conducted 
in a developing country with its special dietary habits 
where drinking coffee is not common. Second, in this 
study, both CRC and CAP are considered as outcomes, 
accordingly by finding similar associations with diet, the 
results confirm the pathophysiologic association of diet 
and colon cancer. Another strength of this study is that 
we analyzed dietary TAC with and without spices to be 
sure that the effect of total TAC is not derived only from 
spices. Using a validated FFQ as well as recruitment of 
cases and controls from the same clinic (to match socio-
economic status) are among the other strengths of this 
study. Moreover, the multiple regression used in this 
study with adjustment for confounders provide rigor to 
the findings by removing the potential effects of CRC 
risk factors other than diet.

In conclusion, our results provide evidence for an inverse 
association between dietary TAC and CAP, and CRC risk 
in a developing country with its particular dietary hab-
its. Further studies, based on plasma biomarkers of TAC 
assessments are needed to provide stronger evidence on 
the role of antioxidants on the risk of colorectal polyps 
and cancers.
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