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Background: Data on the association between head and neck cancer (HNC) and 
dietary factors are inconclusive. No study has so far investigated the association 
between dietary total antioxidant capacity (dTAC) and HNC concerning 
interactions with other risk factors.

Method: Pathologically confirmed new diagnosed HNC patients were included in this 
study. The control group was healthy hospital visitors who were frequently matched 
with patients on age (5 years interval), gender, and province of residence. Trained 
interviewers administered a validated Food Frequency Questionnaire (FFQ) to assess 
the participants’ food intake 1 year before the cancer diagnosis. Data on TAC scores of 
foods was collected by Ferric Reducing Antioxidant Power (FRAP) and Total Radical-
trapping Antioxidant Parameters (TRAP) from published data. We  applied logistic 
regression adjusted for age, sex, energy intake, socioeconomic status, province, opium 
use, alcohol use, physical activity, and dental health. We also studied the interaction of 
dTAC with tobacco smoking status, and opium use on the risk of HNC.

Results: We recruited 876 HNC patients and 3,409 healthy controls. We observed 
a significant decrease in the odds of HNC with increasing dTAC scores. The OR of 
HNC for the third vs. the first tertile was 0.49 (95%CI 0.39–0.61) for FRAP and 0.49 
(95%CI 0.39–0.62) for TRAP. Both dTAC scores were inversely associated with lip 
and oral (T3 ver. T1 OR  =  0.51; 95%CI 0.36–0.71 for FRAP and OR  =  0.59; 95% CI 
0.44–0.82 for TRAP) and larynx (T3 ver. T1 OR  =  0.43; 95%CI 0.31–0.61 for FRAP 
and OR  =  0.38; 95% CI 0.26–0.55 for TRAP) cancers. There was no interaction 
between tobacco smoking, opium use; and TRAP or FRAP on the risk of HNC.

Conclusion: An antioxidant-rich diet in terms of FRAP or TRAP could decrease 
the risk of HNC and its subtypes.
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Background

Head and Neck Cancers (HNC) are the seventh most common 
cancer in the world, and these cancers account for 4% of cancer deaths 
worldwide (1, 2). In addition to the psychological problems of the 
patients and their families, disability, and death caused by HNC 
impose a tremendous economic burden on our society (3–5). Sixty-
five percent of HNC cancers occur in low and middle-income 
countries (6). Unfortunately, the prognosis of HNC is poor (7) and 
survivors struggle with various problems, including breathing and 
eating disorders (8). Therefore, identifying risk factors and 
implementing prevention are the primary strategies for controlling 
these cancers.

Several risk factors are associated with HNC, including cigarette 
smoking, alcohol drinking, asbestos exposure, HPV infection, and 
opium use (6, 9) A recent comprehensive review of nutritional factors 
and cancer risk by the World Cancer Research Fund (WCRF) and the 
American Cancer Institute concluded that data on associations 
between several dietary components and HNC are inconclusive (6). 
This review concluded for limited evidence of a protective effect of 
non-starchy vegetables and a healthy nutritional lifestyle against 
HNC. No definitive conclusions can be drawn regarding other dietary 
factors, including fruits, legumes, animal foods, and other 
nutrients (6).

Chronic inflammation, shown by increased levels of inflammatory 
cytokines, plays an essential role in developing various types of cancer, 
including HNC (10, 11). Dietary factors can inhibit or accelerate 
inflammation in our bodies (12). Dietary components such as phenols, 
antioxidant vitamins, and inflammatory nutrients were associated 
with cancer (13). Also, consuming several foods, including fruits and 
vegetables or animal foods, can influence inflammatory pathways that 
alter cancer development (12, 14, 15). Some food factors increase 
inflammatory cytokines and endothelial growth factors, which 
increase angiogenesis and proliferation (15–17). Several studies have 
investigated the effects of these inflammatory factors on HNC 
development (10, 16). On the other hand, several studies have shown 
that consuming fruits, chocolate, berries, whole grains, and other 
antioxidant-rich foods can reduce cancer incidence (6, 18, 19). It is 
claimed that dietary antioxidants can reduce reactive oxygen or 
nitrogen species, thereby reducing DNA oxidation (11, 13).

Previous studies examined the association between one or more 
foods or nutrients and the risk of different cancers separately (20). 
However, dietary components are not eaten separately, and the 
interactions between different foods may increase or decrease the risk 
of different diseases (21). Therefore, the effect of the whole diet on 

disease risk will differ from each component alone (21). To consider 
this, total dietary antioxidant capacity (dTAC) scores were introduced 
to calculate the antioxidant effects of whole diets (22–24). Several 
studies have examined the association between these dietary scores 
and colon, breast, and endometrial cancer risk (14, 25, 26). Data on 
the association between HNC and nutritional components are limited, 
and the existing reports are inconclusive. In this study, we evaluated 
for the first time the association between dTAC and HNC in a large 
case–control study.

Methods

This study was conducted using data from the IROPICAN study. 
That study is a large multicenter case–control study that evaluated the 
relationship between opium use and the risk of lung, bladder, head 
and neck, and colorectal cancers. The data has been collected in 10 
provinces in the east, south, north, and center of Iran (27). The 
participants were interviewed using standard questionnaires about 
their lifestyle and validated Food Frequency Questionnaire (FFQ) (28).

Pathologically confirmed incident HNC patients with no cancer 
history were included in this study. Tumor subsite was uniformly 
classified using ICD-O3 codes. HNC cases in this study included 
ICD-O3 HNC codes of oral, larynx, and pharynx (e.g., C00–C09, C11, 
C12, C14, C31, and C32). The control group was healthy hospital 
visitors, frequency matched on age (5 years apart), gender, and 
province of residence. Controls were independently matched to the 
patient group of each cancer type, but we used control data from all 
cancer types for our analysis. They were relatives or friends of 
non-cancer patients and were visiting the general hospitals where the 
cases were selected (29). The main inclusion criteria for patients was 
pathologically confirmed HNC. The exclusion criterion was being 
affected by other cancers rather than HNC. In controls, exclusion 
criterion was diagnosis of any cancers.

Trained interviewers conducted the face-to-face interview using 
a structured questionnaire to obtain demographic and other 
non-dietary data. A detailed description of the questionnaire and 
computing-related scores are described previously (16). 
Socioeconomic status (SES) was determined using principal 
component analysis by combining some data related to education, 
income, and ownership of some home appliances. Then we  put 
subjects in three groups based on scores in control group. Physical 
activity workload (PPWL) was estimated based on job history of 
participants using the Finland Job Exposure Matrix (FINJEM) (30). 
Then, the participants were categorized to three groups of physical 
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activity based on PPWL scores: sedentary (zero PPWL-years), 
moderate (PPWL-years greater than zero and less than or equal to 
4.80), and heavy (PPWL-years greater than 4.81). Dental health was 
defined by a score in our study considering decayed, missing and filled 
teeth, participants were categorized to three categorizes based on 
scores in control group.

dTAC scoring

Trained interviewers administered validated FFQs to assess the 
participants’ food intake a year before the study (31). Long term 
dietary habits of individual are associated with their health outcomes. 
As HNC extremely affects patients’ food habits, we asked patients to 
report their food intake before their cancer diagnosis. All study data, 
including dietary data, were entered into an online system that 
supervisors could continuously review. The food composition table 
was prepared using USDA food composition tables (32). Data on TAC 
scores of foods by Ferric Reducing Antioxidant Power (FRAP) and 
Total Radical-trapping Antioxidant Parameters (TRAP), which 
measure the reducing power and the chain-breaking antioxidant 
capacity, respectively, was gathered from published data (33, 34).

Statistical analysis

The TRAP and FRAP scores were adjusted for energy by the 
residual method suggested by Willett (35). Before analyzing the data 
76 subjects were omitted because of incomplete questionnaires or 
pathological issues (unconfirmed pathological diagnosis or 
metastases). Subjects who reported energy intake less than 500 and 
over 4,500 Kcal/d were considered outliers and omitted. It caused a 
2% reduction in both cases and controls (18 subjects out of 849 
patients and 74 subjects out of 3,484 controls). Participants were 
classified into tertiles of dTAC scores based on the distribution in the 
control group. We applied unconditional logistic regression in crude 
and adjusted models to determine the association between dTAC 
scores and HNC. The full model was adjusted for age (5categories), 
sex(male/female), province of residence (10 provinces), energy intake 
(kcal/day, continuous), socioeconomic status (low, medium, high), 
opium use (yes, no), tobacco smoking (yes, no), water pipe smoking 
(yes, no) regular alcohol drinking (yes, no), physical activity 
(sedentary, moderate, heavy, unknown) and dental health (poor, 
moderate, good). We tested the linear trend by treating the median 
of TRAP or FRAP scores in each tertile as a continuous variable. An 
interaction term was added to models to analyze the interaction 
between anti-oxidant activity and smoking status, opium uses and 
physical activity, and the risk of HNC. The p-value for interactions 
was estimated by the likelihood ratio test between the models with 
and without the interaction term. Subjects were categorized to five 
groups based on their history of tobacco use: current users, occasional 
users, quitting tobacco use for less than 10 years, quitting tobacco use 
for more than 10 years and never users. The heterogenicity of the 
association between TRAP or FRAP scores and risk of HNC in 
different groups of tobacco use was analyzed. All statistical analysis 
was done in STATA software (Stata 14.1, College Station, Texas 
77,845 USA). Two-sided p values < 0.05 were considered 
statistically significant.

Results

Totally 879 patients and 3,409 healthy controls were recruited for 
our study. Almost two third of participants were male in both groups 
(Table 1). Tobacco smoking and opium use were less common in 
controls. Regular alcohol use was uncommon in both groups. Energy 
and food group intakes were not significantly different between 
patients and controls (Table 2).

The contribution of food groups to dTAC scores is shown in 
Table 3. Cereals were the main provider of antioxidants in our study 
(37.2% for FRAP and 53.9% for TRAP). Other sources of FRAP and 
TRAP in our control group were fruits (32.6 and 8.3%), vegetables 
(19.6 and 31.7%), legumes (4.7 and 1%), nuts (3.3 and 3.8%), 
confectionaries (1.1 and 1.1%), and fruit juice (3.6 and 1.0%).

We observed a significant decrease in the OR of HNC with 
increasing dTAC scores (Table 4). Compared with the lowest tertile, 
the OR of HNC for the third tertile decreased by 51% for both FRAP 
(OR 0.49; 95%CI 0.39–0.61) and TRAP (OR 0.49; 95%CI 0.39–0.62). 
When we investigated subtypes of HCN cancers, a significant decrease 
in the risk of lip and oral cavity cancer was seen by higher FRAP (OR 
0.51; 95%CI 0.36–0.71 for the third tertile compared to the first, 
Ptrend < 0.001) and TRAP (OR 0.59; 95%CI 0.44–0.82 for the third 
tertile compared to the first, Ptrend = 0.003). Considering larynx 
cancer, a 57% reduction in risk was observed in the third tertile of 
FRAP compared to the first tertile (OR 0.43; CI 95% 0.31–0.61, P 
trend<0.001). The corresponding figure was 62% for the TRAP score 
(OR 0.38; 95% CI 0.26–0.55, P trend < 0.001). The difference in 
association between lip and oral cavity and laryngeal cancer with 
FRAP (p = 0.72) and TARP (p = 0.14) was not statistically significant 
Moreover, the association of head and neck cancers with FRAP and 
TARP (p = 0.38) did not differ significantly. There was no interaction 
between TRAP or FRAP scores with cigarette smoking, opium use, 
tobacco and water pipe use, physical activity, gender and age in our 
study (Supplementary Table1). The differences in association between 
TRAP or FRAP scores and risk of HNC in different group of tobacco 
use was not significant.

Discussion

This study found that dTAC scores in terms of FRAP and TRAP 
are inversely associated with HNC risk. No interaction was found 
between gender, tobacco smoking, opium use, water pipe use, physical 
activity, and dTAC scores in determining the risk of HNC.

These scores assess the overall antioxidant capacity of the diet, 
which adds value to the simple analysis of individual antioxidants 
or food items. Several studies showed an inverse association 
between the dTAC and the risk of colon, rectum, breast, and gastric 
cancers (14, 25, 26). Although the association between HNC cancer 
and dTAC was not studied previously, several studies showed 
inverse associations between individual antioxidants such as 
vitamin C, selenium, carotenoids, retinol, and vitamin E intake and 
the risk of HNC (8, 19).

Generally, fruit and vegetables are considered the primary 
source of antioxidants. They were the second and third contributors 
of dTAC in our study. Several studies showed that the intake of 
antioxidant reach foods such as vegetables or fruit is associated with 
the risk of HNC (18, 36). The main contributor to dTAC in our 

https://doi.org/10.3389/fnut.2023.1226446
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Toorang et al. 10.3389/fnut.2023.1226446

Frontiers in Nutrition 04 frontiersin.org

population was cereals. It seems that this high contribution is 
mainly due to the high consumption of cereals in our society as the 
staple food of Iranian (37). However, limited studies showed an 

inverse association between grain intake and the risk of HNC (38). 
Assessing the association between dTAC scores with the risk of 
HNC allows us to highlight the importance of consuming 
antioxidants from different sources and not just focusing on fruit 
and vegetables.

As mentioned above, several studies have shown a significant 
association between individual antioxidant intake and the risk of 
HNC (19). No study investigated the association between dTAC and 
the risk of HNC, but several studies found an inverse association 
between healthy dietary patterns and the risk of HNC (39, 40). 
Other studies found a robust association between adherence to 
healthy dietary patterns and dTAC score and health outcomes, 
including several cancers (24, 41). The association between dietary 
pattern and scores with HNC emphasized the importance of the 
intake of a wide range of antioxidants through adherence to healthy 
dietary patterns rather than focusing on some individual dietary 
antioxidants or supplements.

Several studies showed that intake of a diet low in antioxidants 
accompanied by smoking could exacerbate the carcinogenesis effects 
of tobacco. Smoking and alcoholic drinks have both been linked with 
increased oxidative stress (42, 43). Analyses of the International Head 
and Neck Cancer Epidemiology (INHANCE) consortium showed that 
the risk of HNC in subjects with a low intake of carotenoids and high 
exposure to smoking is 30 times higher than in subjects with a high 
intake of carotenoids and no alcohol and smoking exposure (44). 
Moreover, studies found high intake of flavonoids could decrease the 
risk of cancer, particularly in smokers (45). In our study higher dTAC 
score was associated with a lower risk of HNC both in smokers and 
non-smokers.

Other sources of antioxidants and oxidants like endogenous 
production in body could affects the association between antioxidant 
intake and risk of HNC cancer. Several studies showed the association 
between the endogenous antioxidant level such as serum levels of 
them with risk of HNC (46–48). Serum antioxidant enzymes levels 
including catalase (CAT), superoxide dismutase (SOD), glutathione 
peroxidase (GPx), and malondialdehyde (MDA) concentrations in 
blood are lower in cancer patients and are associated with cancer 
prognosis (48) and several studies proposed prescription of 
antioxidants rich products to decreasing the treatment adverse effects 
or slowing the cancer progress (49–51).

TABLE 1 Characteristics of head and neck cancer patients and controls in 
the IROPICAN study.

Characteristics Head and 
neck cancer 
patients N 

(%)

Controls N 
(%)

Total 876 3,409

Gender
Male 662 (76) 2,356 (69)

Female 214 (24) 1,053 (31)

Age group 30–39 59 (6.7) 250 (7.3)

40–49 135 (15.4) 548 (16.1)

50–59 265 (30.3) 1,055 (30.9)

60–69 287 (32.8) 1,071 (31.4)

≥70 130 (14.8) 485 (14.2)

SES1 Low 342 (39) 953 (28)

Median 290 (33) 1,141 (33)

High 244 (28) 1,315 (39)

Opium use No 474 (54) 2,954 (87)

Yes 402 (46) 455 (13)

Smoking No 382 (44) 2,448 (72)

Yes 494 (56) 961 (28)

Water pipe use No 796 (91) 3,185 (93)

Yes 80 (9) 224 (7)

Regular alcohol 

use

No 805 (92) 3,268 (96)

Yes 71 (8) 141 (4)

PPWL2 Sedentary 267 (30) 1,104 (32)

Moderate 200 (23) 746 (22)

Heavy 202 (23) 749 (22)

Unknown 207 (24) 810 (24)

Dental health3 Poor 207 (24) 1,551 (46)

Moderate 75 (9) 449 (13)

Good 594 (68) 1,409 (41)

Province Tehran 157 (17.9) 813 (23.9)

Fars 376 (42.9) 933 (27.4)

Kerman 156 (17.8) 523 (15.3)

Golestan 36 (4.1) 369 (10.7)

Mazandaran 17 (1.9) 134 (3.9)

Kermanshah 37 (4.2) 250 (7.3)

Khorasan-Razavi 29 (3.3) 155 (4.5)

Bushehr 0 (0) 67 (1.9)

Hormozgan 33 (3.7) 78 (2.3)

Systan-

Balouchestan

36 (4.0) 100 (2.9)

1SES: socio-economic status was determined using principal component analysis by 
combining some data related to education, income, and ownership of some home appliances.
2Physical activity workload (PPWL) was estimated based on the Finland Job Exposure.
3Dental health was defined by DMFT score sum of the number of decayed, missing and filled 
teeth.

TABLE 2 Dietary intake of head and neck cancer patients and controls in 
IROPICAN study.

Food group 
gram/day 
(Mean  ±  SD)

Head and neck 
cancer patients 

(n  =  876)

Controls 
(n  =  3,409)

Energy 1845.9 ± 796.6 1850.6 ± 682.9

Cereal 500.9 ± 258.0 493.1 ± 268.7

Vegetables 439.8 ± 407.7 442.8 ± 243.6

Fruits 357.5 ± 269.9 362.7 ± 258.7

Nuts 5.9 ± 7.6 5.9 ± 9.3

Legumes 31.6 ± 39.8 32.1 ± 27.5

Vegetable oils 17.2 ± 13.4 17.8 ± 14.2

Confectionary 38.7 ± 38.2 38.3 ± 37.9

Total meat 66.9 ± 47.8 68.7 ± 50.8

Red mea 22.2 ± 24.2 23.6 ± 28.3
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This study has several strengths. First, we used a large sample 
based on a multicenter study, allowing us to study the association of 
dTAC for HNC overall and by its subsites, including oral cavity and 
laryngeal cancers. The patients were pathologically confirmed by 
specialist. We  also adjusted for several confounding variables, 
including tobacco smoking, and opium use. Using a validated FFQ 
was the second strength of our study (31). Moreover, the interviews 
were conducted in the same setting in all provinces by trained 

interviewers. However, there are some limitations to this study. Some 
scientists believe that TRAP and FRAP do not cover all the antioxidant 
power of the diet, particularly when computed using FFQ (52). 
However, several studies showed a strong association between these 
scores and the total antioxidant capacity of a diet and the serum 
antioxidant level of healthy adults (23, 52). Moreover, several studies 
in Iran and other countries showed a strong association between these 
scores and healthy dietary patterns such as healthy eating index (HEI), 

TABLE 3 Correlation and contribution of food groups to overall dTAC intake among 3,409 controls in the IROPICAN study.

Cereals Fruits Vegetables Legumes Nuts Confectionaries Juices

TRAP1

Correlation3

R (95%CI)

0.51

(0.5–0.53)

0.07

(0.06–0.07)

0.38

(0.36–0.39)

0.005

(0.004–0.006)

0.03

(0.02–0.03)

0.006

(0.004–0.007)

0.005

(0.003–

0.007)

Contribution 

Percent(SD)

53.9 (17.2) 8.3 (6.5) 31.7 (14.5) 1.0 (1.1) 3.8 (4.1) 1.1 (1.7) 1.0 (2.6)

FRAP2

Correlation4

R (95%CI)

0.21 (0.19–

0.22)

0.5 (0.49–

0.52)

0.18

(0.17–0.18)

0.03

(0.02–0.03)

0.05

(0.04–0.05)

0.01

(0.01–0.01)

0.05

(0.04–0.05)

Contribution 

Percent(SD)

37.2 (16.5) 32.6 (15.8) 19.6 (9.7) 4.7 (4.0) 3.3 (4.8) 1.1 (1.8) 3.6 (6.3)

1FRAP: Ferric Reducing Antioxidant Power of the diet.
2TRAP: Total Radical-trapping Antioxidant Parameters of the diet.
3,4The Pearson’s correlation coefficient for all these food groups was significant at p < 0.05 level.

TABLE 4 The association of dietary Total Antioxidant Capacity (dTAC) scores with head and neck squamous cell carcinoma and its subtypes in the 
IROPICAN study.

First tertile Second 
tertile

Third tertile p trend1 OR and 95%CI 
(continuous)

FRAP3

All HNSCC Case/Control 361/1138 261/1136 254/1135 - -

Crude Reference 0.72 (0.61–0.87) 0.70 (0.59–0.84) <0.001 0.74 (0.66–0.83)

Adjusted2 Reference 0.63 (0.51–0.77) 0.49 (0.39–0.61) <0.001 0.74 (0.66–0.83)

Lip and oral cavity 

(313/3409)

Case/Control 147/1138 90/1136 76/1135 - -

Crude Reference 0.61 (0.47–0.81) 0.52 (0.39–0.69) <0.001 0.74 (0.63–0.86)

Adjusted Reference 0.62 (0.46–0.84) 0.51 (0.36–0.71) <0.001 0.72 (0.60–0.86)

Larynx (427/3409) Case/Control 161/1138 129/1136 137/1135 - -

Crude Reference 0.8 (0.63–1.03) 0.85 (0.67–1.09) 0.188 0.92 (0.81–1.03)

Adjusted Reference 0.62 (0.44–0.86) 0.43 (0.31–0.61) <0.001 0.69 (0.58–0.82)

TRAP4 All HNSCC Case/Control 390/1137 234/1137 252/1135 - -

Crude Reference 0.60 (0.50–0.72) 0.64 (0.54–0.77) <0.001 0.78 (0.71–0.87)

Adjusted Reference 0.49 (0.39–0.61) 0.49 (0.39–0.62) <0.001 0.69 (0.60–0.79)

Lip and oral cavity 

(313/3409)

Case/Control 109/1137 94/1137 110/1135 - -

Crude Reference 0.86 (0.65–1.15) 1.0 (0.77–1.3) 0.938 0.96 (0.83–1.1)

Adjusted Reference 0.59 (0.43–0.81) 0.59 (0.44–0.82) 0.003 0.76 (0.63–0.92)

Larynx (427/3409) Case/Control 210/1137 106/1137 111/1135 - -

Crude Reference 0.5 (0.39–0.65) 0.53 (0.41–0.68) <0.001 0.72 (0.63–0.84)

Adjusted Reference 0.39 (0.28–0.55) 0.38 (0.26–0.55) <0.001 0.59 (0.48–0.75)

The association between lip and oral cavity and laryngeal cancer with FRAP (p = 0.72) and TARP (p = 0.14) was not different. The difference between the association of head and neck cancers 
with FRAP and TARP (p = 0.38) was not significant.
1Analyzed by using the median value of TRAP or FRAP as a continuous variable in unconditional logistic models.
2Adjusted for age (5 categories), sex(male/female) and energy intake (kcal/day, continues), socioeconomic status (low, medium, high), province(10 different provinces), opium use (yes, no), 
smoking (yes, no), water pipe use (yes, no) regular alcohol use (yes, no), physical activity (sedentary, moderate, heavy, unknown) and, dental health(poor, moderate, good).
3FRAP: Ferric Reducing Antioxidant Power of the diet.
4TRAP: Total Radical-trapping Antioxidant Parameters of the diet.
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Mediterranean diet, and Dietary approach to stop hypertension 
(DASH) diet (22, 52, 53). The positive association between dTAC 
scores and fruit and vegetable consumption, along with the negative 
association with unhealthy foods such as red meat, fast food, and 
high-fat diets (52) also underlines the validity and importance of 
this score.

Conclusion

Consuming a diet rich in antioxidants determined by dTAC could 
decrease the risk of HNC cancer. Healthy dietary patterns which 
increase antioxidant intake should be  encouraged, particularly in 
high-risk groups. These findings provided valuable insight for 
designing preventive policies such as promoting high antioxidant food 
intakes such as fruit and vegetable by subsidizing or providing free 
fruits in schools.
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