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Abstract
Background  The Non-Healthy Diet Index (NHDI) and the Pro-Healthy Diet Index (PHDI) are two novel indices that 
evaluate the healthiness of a diet based on the consumption of several food groups. This study aimed to evaluate the 
association between adherence to the PHDI and NHDI and colorectal cancer (CRC) risk in the Iranian population.

Methods  The current study was conducted as a hospital-based research using a case (n = 71)- matched-controls 
(n = 142) design in Tehran, Iran. A semi-quantitative food frequency questionnaire was utilized to determine 
participants’ dietary intake after confirming the diagnosis of CRC and at the time of the interview. The PHDI-10 
was employed to assess the consumption of foods with positive health effects, which is linked to the frequency of 
consuming 10 food groups, and the NHDI-14 was used to assess the consumption of foods that have detrimental 
effects on health, based on the frequency of 14 food groups. Logistic regression was used to evaluate the association 
between continuous PHDI and NHDI scores and their tertiles with CRC.

Results  The results indicated that individuals in the highest tertile of the PHDI showed a lower CRC risk compared to 
those in the lowest tertile (adjusted model- odds ratio (OR) = 0.25; 95% confidence interval (CI): 0.10–0.61; P = 0.002). 
Also, lower odds of CRC risk were seen with each unit change in the total score of PHDI in the adjusted model 
(OR = 0.86; 95% CI: 0.76–0.96; P = 0.009). In contrast, individuals in the highest tertile of the NHDI showed a higher 
risk of CRC compared to those in the lowest tertile (OR = 2.62; 95% CI: 1.09–6.27; P = 0.030) in the adjusted model. 
Also, higher odds of CRC risk were observed with each unit increase in the total score of NHDI in the adjusted model 
(OR = 1.13; 95% CI: 1.03–1.25; P = 0.008).

Conclusions  The present study showed that higher adherence to PHDI and NHDI is associated with lower and 
higher CRC risk, respectively. These results provide valuable insights into the roles of healthy and unhealthy diets in 
CRC prevention.
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Introduction
In recent years, colorectal cancer (CRC) has become the 
third most common cancer worldwide [1]. The incidence 
rate of CRC from 1996 to 2000 in Iran has been reported 
as 7–8 per 100,000 for both females and males [2], while 
this rate reached 16.5 and 11.8 per 100,000 in men and 
women in 2014, respectively [3]. There is also a trend 
of rising occurrence in younger patients, termed “early-
onset” disease [4]. According to the statistics provided by 
the International Agency for Research on Cancer in 2022, 
the incidence of CRC in Iran is reported to be 9.4% [5].

This type of cancer, like many others, is influenced by 
two main categories of genetic and environmental factors 
[6]. One of the central environmental factors is nutrition 
and diet [7, 8]. A diet with adequate vegetables, fruits, 
and fish, as well as rich in fiber, antioxidants, and healthy 
micronutrients, has been associated with a decreased risk 
[6]. On the other hand, high red/processed meat, excess 
dietary fat, and alcohol consumption may be carcino-
genic [8–10]. Also, obesity is a significant risk factor for 
CRC within the range of nutritional impact [9].

Dietary patterns or indices that consider the com-
plex interactions between foods and nutrients may offer 
a more comprehensive approach to investigating the 
relationship between diet and disease than focusing on 
individual foods [11, 12]. The number of studies exam-
ining the potential impact of dietary patterns on CRC 
in developing countries is limited [13], and as a result, 
this evidence is limited and inconclusive [14]. Diet qual-
ity is broadly defined. As shown by a systematic review, 
the majority of results in large samples show an existing 
association between low diet quality and CRC [15]. How-
ever, the evidence is insufficient to draw a conclusion and 
establish dietary recommendations [15–19].

The Non-Healthy Diet Index (NHDI) and the Pro-
Healthy Diet Index (PHDI) are two novel indices that 
evaluate the healthiness of a diet based on the consump-
tion of several food groups [20]. These two indices focus 
on almost all the important food groups, which may be 
better indicators of diet quality than singular nutrients 
or food items. The PHDI consists of possibly healthy 
food groups such as whole grains, fish, legumes, fruits, 
and vegetables. While there are limited studies assessing 
diet quality using the PHDI, it is evident that consum-
ing foods included in the index has a beneficial effect on 
health, as these products are recommended in the Medi-
terranean diet [21]. Meanwhile, the NHDI comprises 
relatively unhealthy food groups such as refined cere-
als, white bread, fast foods, processed meat, sweets, and 
sweetened beverages [20]. This indicator also has a nega-
tive impact on health [22].

To our knowledge, the association between PHDI/
NHDI and cancers such as CRC has not been previously 
examined. However, a case-control study showed that 

consuming a pro-healthy diet is inversely related to the 
incidence of breast cancer [23]. Another case-control 
study further showed a positive correlation between a 
greater degree of nutritional knowledge and adopting a 
pro-healthy diet. Moreover, it showed a significant reduc-
tion in the likelihood of developing lung cancer in men 
and breast cancer in women [24]. The dietary patterns of 
the Iranian population are deteriorating, with an increas-
ing preference for fast foods. This shift can significantly 
affect the health of different social groups. The nutrition 
transition is a global health challenge, and understanding 
these food patterns is crucial for informing the develop-
ment of nutrition policies [25]. Hence, this study aimed 
to evaluate the association between adherence to PHDI 
and NHDI and CRC risk in the Iranian population.

Methods
Study population
The current study was conducted as a hospital-based 
research using a case-matched-control design. It was per-
formed in three general hospitals (Ayatollah Taleghani, 
Imam Hossein, and Shariati) and 19 CRC surgical units 
of the Cancer Institute of Imam Khomeini Hospital 
Complex in Tehran City, Iran. The inclusion criteria for 
the case group included age 40 to 75 years and recent 
definite diagnosis of CRC. This group had no history of 
inflammatory bowel disease and did not have any previ-
ous diagnosis of cancer in other organs. The matched-
control group consisted of individuals (40–75 years old) 
randomly selected from the same hospitals. These indi-
viduals were hospitalized for non-neoplastic and acute 
conditions at the time of selection, excluding those with 
chronic diseases related to diet. The most prevalent 
causes for hospitalization included disc disorders, bone 
and joint disorders, fractures, and sprains. The exclusion 
criteria included the following: unwillingness to partici-
pate in the study, pregnancy, total energy intake outside 
the mean ± 3 standard deviations (SDs), and incomplete 
completion of the food frequency questionnaire (FFQ). 
Every CRC patient was matched with two controls by sex 
and age. The study population was calculated based on a 
previous study, with odds ratio (OR) = 0.45, β = 0.2, and 
α = 0.05 [26]. It should be noted that certain aspects of the 
current study have been previously published [27–29].

Dietary evaluation and diet quality scores
A semi-quantitative FFQ was utilized to determine 
participants’ dietary intake in the last year. This ques-
tionnaire consisted of 168 foods and drinks commonly 
consumed by Iranian people. The questionnaire’s valid-
ity has already been assessed [30]. The frequency of each 
food was recorded based on the day, week, month, and 
year. Then, to simplify the assessment of food type and 
portion size, a set of household measuring items was 
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used  (e.g., teaspoons, tablespoons, glasses, cups, bowls, 
plates, and spatulas) [31]. Then, each food item’s portion 
size was changed to grams, and finally, the total intake of 
each food item was calculated by multipling by the fre-
quency of daily intake. Finally, the Nutritionist IV soft-
ware (version 7.0) was employed to calculate nutrients 
and energy.

The two dietary indices, the PHDI and NHDI, have 
recently been developed and validated in the Polish pop-
ulation [19]. Initially, they were derived from the assess-
ment of dietary habits, lifestyle, and nutrition knowledge 
(KomPAN) questionnaire in a study conducted in Poland 
[25]. Other versions of PHDI and NHDI with different 
items can be found in the literature [31, 32]. Therefore, 
we have labeled these indicators with the respective num-
ber of items to differentiate them from other versions. 
The PHDI-10 was employed to assess the consumption 
of foods with positive health effects, which is linked to 
the frequency of consuming 10 food groups: whole grain 
products, whole bread, fresh cheeses, white meats, fer-
mented dairy products, milk, fish, fruits, vegetables, and 
legume seeds. At first, food group intake (total grams) 
was divided into tertiles and then scored 0–2 for the first, 
second and last tertiles. Finally, the PHDI-10 ranged from 
0 to 20 [32].

Most diet quality indices combine healthy and 
unhealthy food components to judge a diet, but the 
NHDI only scores the unhealthiness of the diets; there-
fore, the higher the score, the unhealthier the diet. The 
NHDI-14 was used to assess the consumption of foods 
that have detrimental effects on health, based on the 
frequency of 14 food groups: fried foods, refined cereal 
products, white bread, butter, lard, fast foods, processed 
cheeses, sweets, canned meat, red meat, processed meat 
products, sweetened beverages, alcoholic beverages, and 
energy drinks. However, three items were not included in 
the present study because these items were not assessed 
in the Iranian version of the FFQ (energy drinks, alco-
holic beverages, and lard). Afterward, each food group 
was divided into tertiles and assigned a score ranging 
from 0 to 2 based on their tertile placement (score 2 for 
the first, 1 for the second, and 0 for the last tertiles). Thus, 
the maximum NHDI-14 score was 22. A higher score for 
each index indicates greater adherence to the PHDI-10 
and NHDI-14 indices [32–34].

Personal characteristics and anthropometric assessments
Characteristics such as a history of CRC in the family 
(yes, no), smoking habits (never, former, current), medi-
cation information (ibuprofen (yes, no), aspirin (yes, 
no), and acetaminophen (yes, no)), education (no formal 
education, elementary, junior/senior/ high school, and 
diploma/college/university), and income (dollars/month) 
were obtained by a checklist, and dietary intake and 

physical activity (metabolic equivalent of task (MET)-
hour/day) were extracted by a questionnaire. Partici-
pants’ height was determined by a SECA body meter to 
the nearest 0.1 cm and weight was measured with a pre-
cision of 0.1 kg. In addition, the waist-to-hip ratio (WHR) 
was assessed by measuring waist circumference (WC) 
and hip circumference (HC) with a tape measure (mini-
mum waist/maximum hip). Additionally, the body mass 
index (BMI) was determined using the following formula: 
weight (kg) divided by height (m) squared.

Statistical analysis
For data analysis, SPSS version 26.0 was used. Addi-
tionally, the Kolmogorov-Smirnov test was employed 
to assess the normality of the data. The independent 
samples T-test or Mann-Whitney test was used for con-
tinuous variables, and the chi-square test was used for 
categorical variables. The values for continuous variables 
are reported as mean ± SD or median (interquartile range 
[IQR]). Categorical variables are reported as percent-
ages. Furthermore, in order to assess the intakes of food 
groups, we first converted the PHDI and NHDI into ter-
tiles based on the total population. We then conducted 
an analysis using one-way analysis of variance (ANOVA). 
Logistic regression was used to evaluate the association 
between continuous PHDI and NHDI scores and their 
tertiles with CRC. In the second model, the role of fam-
ily history of CRC (yes, no), smoking (never, former, cur-
rent), physical activity (MET-hour/day), energy intake 
(kcal/day), BMI (kg/m2), vegetable (raw/fresh, boiled, 
fried, fried/frozen) and meat (fried, fried/boiling, smok-
ing/grilling) cooking methods, and taking acetamino-
phen (yes, no), aspirin (yes, no), and ibuprofen (yes, no), 
were adjusted (potential confounders were selected using 
previous studies [35–37]). In both models, the first tertile 
was considered the reference category. A p-value < 0.05 
was considered statistically significant.

Results
A total of 267 patients were initially screened for the 
current study. However, 36 controls and 18 cases were 
excluded for two reasons: their total energy intake fell 
outside the range of ± 3 SDs from the mean energy intake, 
and they provided incomplete dietary intake data by FFQ. 
Finally, a total of 142 controls and 71 cases were included 
for statistical analysis.

Table 1 represents the baseline features of the present 
study. The mean of PHDI (P = 0.005) and fiber intake (P 
˂ 0.001) was significantly higher in the control group, 
but WHR was significantly higher in the case groups 
(P = 0.002). Also, a family history of CRC was significantly 
more prevalent in the case group (P = 0.017), but the use 
of acetaminophen (P = 0.004) and aspirin (P = 0.016) was 
significantly higher in the control group.
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The PHDI and NHDI components are shown in Figs. 1 
and 2, respectively. In the highest tertile, consumption of 
all PHDI components (legumes, vegetables, fruits, white 
meat, fish, fermented dairy products, milk, fresh cheese, 
whole breads, and whole grains) was significantly higher 
compared to the lowest tertile. Additionally, all NHDI 
components, except for sweetened carbonated or non-
carbonated beverages, were significantly higher in the 
highest tertile.

Based on the data presented in Table 2, the results indi-
cate lower odds of CRC risk for each unit change in the 
total score of PHDI in crude (OR = 0.87; 95% confidence 
interval (CI): 0.79–0.96; P = 0.006) and adjusted models 
(OR = 0.86; 95% CI: 0.76–0.96; P = 0.009). Also, individu-
als in the highest tertile (T3) of the PHDI showed a lower 

CRC risk compared to those in the lowest tertile (T1). 
This association holds for both the crude (OR = 0.30; 95% 
CI: 0.14–0.63; P = 0.001) and adjusted models (OR = 0.25; 
95% CI: 0.10–0.61; P = 0.002).

On the contrary, the results showed higher odds of 
CRC risk for each unit increase in the total score of 
NHDI in the adjusted model (OR = 1.13; 95% CI: 1.03–
1.25; P = 0.008). Also, in the adjusted model, individuals 
in the highest tertile of the NHDI showed a greater risk of 
CRC compared to those in the lowest tertile (OR = 2.62; 
95% CI: 1.09–6.27; P = 0.030). However, in the crude 
NHDI model, the risk of CRC in the highest tertile com-
pared to the lowest tertile was not statistically significant 
(OR = 1.87; 95% CI: 0.91–3.82; P = 0.086).

Table 1  The baseline features of the study population
Variables Cases (71) Controls (142) P-value
Quantitative Variables
Age (years) 1 58.2 ± 10.4 57.7 ± 10.4 0.746
Pro-healthy diet index score 1 9.5 ± 3.0 10.9 ± 3.2 0.005
Non-healthy diet index score 1 11.8 ± 3.4 10.7 ± 4.1 0.067
Energy (kcal/day) 1 2262.3 ± 450.1 2255.2 ± 341.2 0.908
Fiber (g/day) 1 18.9 ± 2.3 20.4 ± 3.1 <0.001
Income (dollars/month) 2 393.0 (253.0) 402.0 (302.0) 0.206
Physical activity (MET-h/day) 1 36.8 ± 3.6 36.7 ± 4.8 0.932
BMI (kg/m2) 1 27.6 ± 4.2 26.6 ± 4.2 0.362
WHR1 0.97 ± 0.08 0.94 ± 0.06 0.002
Qualitative Variables
Gender, male 3 35 (49.3) 70 (49.3) 0.558
Smoking 3 0.164
  Never
  Former
  Current

57 (80.2)
8 (11.3)
6 (8.5)

101 (70.1)
15 (10.6)
26 (18.3)

Education 3 0.147
  No formal education
  Elementary
  Junior/Senior/ High school
  Diploma/College/University

28 (39.3)
22 (31.0)
7 (9.9)
14 (19.7)

36 (25.4)
45 (31.6)
19 (13.4)
42 (29.6)

Common ways of cooking meat 3 0.282
  Fried
  Fried / Boiling
  Smoking / Grilling

20 (28.2)
35 (49.3)
16 (22.5)

28 (19.7)
71 (50.0)
43 (30.3)

Common ways of preparing vegetables 3 0.083
  Raw / Fresh
  Boiled
  Fried, Fried / Frozen

29 (40.8)
8 (11.3)
34 (47.9)

78 (54.9)
18 (12.7)
46 (32.4)

Family history of CRC, yes 3 7 (9.9) 3 (2.1) 0.017
Ibuprofen, yes 3 5 (7.0) 22 (15.5) 0.059
Aspirin, yes 3 1 (1.4) 14 (9.9) 0.016
Acetaminophen, yes 3 4 (5.6) 28 (19.7) 0.004
MET: metabolic equivalent of task, BMI: body mass index, WHR: waist-to-hip ratio, CRC: colorectal cancer

-Using the chi-square test for categorical variables and the Mann-Whitney or independent samples T-test for continuous variables
1Values are mean ± SD
2Values are median (IQR)
3Values are number (percent)
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Discussion
The present study examined the association between 
the PHDI and NHDI, which are indicators of a healthy 
and unhealthy diet, respectively, with CRC in an Iranian 
sample. The results showed that the PHDI had an inverse 
association with the risk of CRC, while the NHDI had a 
direct association with this condition.

To our knowledge, the association between the PHDI/
NHDI and cancers such as CRC has not been previously 
assessed. However, the association of CRC with various 

dietary patterns and diet quality indices (with almost 
similar components) has been explored by several previ-
ous studies [15, 38, 39]. In line with our results, Thani-
kachalam et al. showed that a “healthy” dietary pattern, 
commonly characterized by substantial consumption 
of fish, whole grains, fruits, vegetables, nuts, and dairy 
products, was associated with a reduced risk of CRC [6]. 
Furthermore, Castelló et al. showed that the “Mediterra-
nean” dietary pattern had a protective effect against CRC 
among a sample of Spanish adults [40]. The findings of 
the present study also showed that the consumption of 

Fig. 2  The consumption of components of the NHDI across the tertiles of the NHDI

 

Fig. 1  The consumption of components of the PHDI across the tertiles of the PHDI
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legumes, vegetables, and fruits was higher in the highest 
tertile of the PHDI compared to the lowest tertile. These 
plant-based foods are rich in fiber, micronutrients, anti-
oxidants, and phytochemicals, all of which are protec-
tive against cancer [41–44]. Also, our results showed that 
people with CRC had a lower intake of fiber, which sup-
ports this explanation. In addition to plant-based foods, 
individuals in the highest tertile of the PHDI also indi-
cated greater consumption of fresh cheese. As mentioned 
above, dairy products are also a part of healthy patterns. 
In fact, calcium, the main micronutrient provided by 
dairy products in the diet, is inversely associated with 
CRC [45].

Concerning the inverse index, the NHDI, individu-
als in the highest tertile showed elevated consumption 
of butter, fried foods, fast foods, refined cereal prod-
ucts, white bread, hard and processed cheeses, red meat, 
processed meat, canned meat, sweets, and sweetened 
beverages. Most diet quality indices combine healthy 
and unhealthy food components to judge a diet, but the 
NHDI only scores the unhealthiness of the diets; there-
fore, the higher the score, the unhealthier the diet. As the 
NHDI does not include healthy food groups, it is more 
appropriate to complement it with the PHDI to assess a 
given diet. In the present study, the results of these com-
plementing indices indicated an overall poorer diet in the 
cases than in the controls. Comparable results have been 
found for other “unhealthy” diet indicators.

Thanikachalam et al. showed that a dietary pattern 
characterized as “unhealthy,” which includes high con-
sumption of refined grains, processed and red meat, 
sugar-sweetened beverages, and other sugary foods, is 
linked to an elevated risk of CRC [39]. A similar indica-
tor of an unhealthy diet is the “Western” dietary pattern, 

characterized by excessive consumption of junk food, 
high-calorie beverages, refined grains, sweets, as well 
as red and processed meat [40]. It has been shown that 
lower adherence to this dietary pattern is correlated 
with a decreased risk of CRC [40, 46]. The NHDI and 
unhealthy dietary patterns, like the Western pattern, 
assess food groups that can induce systemic inflamma-
tion, a process that contributes to the progression of 
cancer [47]. Furthermore, refined carbohydrates and 
simple sugars in the food lists of these dietary patterns 
may cause a high glycemic response and, ultimately, insu-
lin resistance. These consequences may cause this type 
of cancer [48–50]. Also, the high saturated fat content 
in animal food groups and, in some instances, trans fats 
and carcinogenic substances in fast foods and processed 
meats may be involved in the development of CRC 
[51–53].

Studies on the association between the PHDI/NHDI 
and cancers need to be included in the literature, and 
more research is needed to establish a definitive associa-
tion. However, a few studies on the PHDI and NHDI have 
found an association with CRC-related conditions. One 
study showed that the PHDI had a strong inverse associa-
tion with homocysteine [54]. An elevated homocysteine 
level is associated with CRC and adenomatous polyps 
[55]. Since this association may be independent of oxida-
tive stress indices [56], it requires further investigation as 
a mediating factor. Furthermore, a comprehensive two-
year cohort study showed a strong correlation between 
a reduction in the PHDI and an elevated risk of obesity 
in individuals adhering to two distinct lifestyle patterns. 
In one of the lifestyle patterns, a lower NHDI score was 
found to be correlated with lower levels of fasting blood 
glucose [57]. Because of the abundance of calorie-dense 

Table 2  Association between pro- and non-healthy diet indices and colorectal cancer
Tertiles of Indices Case/Control Model 1 Model 2

OR 95% CI P-value OR 95% CI P-value
Pro-Healthy Diet Index
Total score 71/141 0.87 0.79–0.96 0.006 0.86 0.76–0.96 0.009
T1 (≤ 8) 29/34 1.00 Ref. - 1.00 Ref. -
T2 (9–11) 25/43 0.68 0.33–1.37 0.282 0.45 0.20–1.04 0.062
T3 (≥ 12) 17/65 0.30 0.14–0.63 0.001 0.25 0.10–0.61 0.002
Non-Healthy Diet Index
Total score 71/141 1.07 0.99–1.15 0.069 1.13 1.03–1.25 0.008
T1 (≤ 9) 18/50 1.00 Ref. - 1.00 Ref. -
T2 (10–12) 24/49 1.36 0.65–2.81 0.407 1.88 0.82–4.28 0.132
T3 (≥ 13) 29/43 1.87 0.91–3.82 0.086 2.62 1.09–6.27 0.030
OR: odds ratio, CI: confidence interval, Ref: reference, T: tertile

Model 1: crude model

Model 2: adjusted for energy intake, BMI, physical activity, smoking, family history of CRC, vegetable and meat cooking methods, and use of ibuprofen, aspirin, and 
acetaminophen

-Obtained from logistic regression

-These values are odds ratios (95% CIs)

-Significant values are shown in bold
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or high sugar/fat food choices in the NHDI, this associa-
tion seems reasonable. In this regard, one study showed 
a significant association between metabolic syndrome 
and CRC and suggested that high BMI or WC may be 
responsible [58]. In the present study, BMI and WHR 
were found to be higher in the case group compared to 
the control group. However, it is important to note that 
only the latter showed statistically significant differences. 
These mechanisms can further clarify the association 
between these dietary indices and CRC.

Inflammation is a significant contributor to tumori-
genesis in CRC. Evidence shows that the use of anti-
inflammatory drugs may help prevent or delay the onset 
of CRC, highlighting the critical role of inflammation in 
the development and progression of all forms of CRC 
[59, 60]. Gut microbiota can impact tumor growth in 
various ways, one of which is by producing metabolites 
that induce genetic instability in host cells [61]. Dysbiosis 
has been found in patients with CRC, who tend to have 
reduced microbial diversity compared to healthy individ-
uals [62]. Additionally, the composition of gut microbiota 
can affect the presence of immune cells that produce pro-
inflammatory cytokines. This, in turn, can lead to a pro-
inflammatory environment that promotes tumor growth 
[63]. Adhering to healthy diets appears to be associated 
with a reduction in inflammation [64]. Additionally, 
dietary habits can significantly influence the composi-
tion of gut microbiota [65]. A healthier eating pattern is 
associated with lower inflammatory markers as well as 
greater richness of gut microbiota [66].

One limitation of the current study is that the sample 
size is relatively small, which reduces the ability to draw 
meaningful conclusions from the results. Also, response 
biases are inevitable in a retrospective and case-control 
design, especially when people have to recall food intake 
from previous times. The disease diagnosis itself may 
divert participants’ minds from their actual diets. Also, 
more details about CRC diagnosis were not available. 
Furthermore, a causal association cannot be inferred in 
a case-control design, so other studies, such as prospec-
tive cohorts, should investigate causality. To highlight the 
strengths of this study, we should first mention the nov-
elty of the PHDI and NHDI in assessing the association 
between diet quality and CRC. In addition, to our knowl-
edge, this is the first time these indices have been applied 
in Iran or the Middle East region. Also, participants in 
the control group were matched based on sex and age.

Conclusions
In summary, this study has identified a significant asso-
ciation between the PHDI/NHDI and the risk of CRC. 
Therefore, increasing the consumption of legumes, fruits, 
and vegetables, while reducing the intake of butter, fried 
foods, fast foods, processed meats, refined grains, and 

sweets, may lower the risk of CRC. These results provide 
valuable insights into the role of healthy and unhealthy 
diets in CRC prevention. If other studies confirm the 
results, healthcare professionals can apply these findings 
in health promotion programs to reduce complications 
and costs associated with this type of cancer.
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