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Abstract
Background and objective Healthy diets and diets rich in phytochemicals can have health-promoting benefits in 
prostate cancer. Therefore, this study aimed to explore the possible association between Healthy Diet Indicator (HDI) 
and Phytochemical Index (PI) with prostate cancer odds ratio.

Methods This is a case-control study conducted in Shiraz, Iran, involving 62 newly diagnosed prostate cancer cases 
and 63 hospital-based controls. The study collected demographic and anthropometric data, as well as dietary intake 
information via a semi-quantitative food frequency questionnaire. Logistic regression models were employed to 
evaluate the association between HDI and PI with prostate cancer.

Results The study included 120 participants and found that individuals with higher HDI and PI scores had a lower 
odds ratio of prostate cancer (HDI: odds ratio (OR): 0.322 – confidence interval (CI) 95%: 0.14–0.700 - PI: OR: 0.426 - CI 
95%: 0.204–0.888). After adjusting for potential confounders, a lower odds ratio of prostate cancer was observed 
specifically among those with higher HDI scores (OR: 0.376 - CI 95%: 0.163–0.868).

Conclusion The findings of the present study suggest that adopting healthier dietary habits rich in dietary 
phytochemicals could be effective in preventing and halting the progression of prostate cancer.
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Introduction
The prevalence of chronic diseases has significantly 
increased due to the rising trend of sedentary lifestyles, 
reduced physical activity, and dietary modifications 
in recent decades [1]. Chronic diseases contribute to 
increased mortality rates [2]. Prostate cancer, as a chronic 
disease, is the second most frequent malignancy in men 
worldwide, with 1,276,106 new cases and 358,989 deaths 
(3.8% of all deaths caused by cancer in men) in 2018, 
following lung cancer [3]. The age-standardized rate of 
prostate cancer in Iran is 9.11 per 100,000 [4]. Previous 
studies have shown that herbal and complementary med-
icine, due to their natural compounds and antioxidant 
content, have beneficial effects in the prevention and 
treatment of chronic diseases [2, 5].

Recent findings underscore the importance of focusing 
on the combined effects of foods as dietary patterns [6]. 
These patterns can significantly influence the odds ratio 
of chronic diseases such as cardiovascular diseases, dia-
betes, and cancer [7]. For instance, the Western dietary 
pattern, high in saturated fatty acids, processed meat, 
refined grains, salt, and sugar, and low in fruits and veg-
etables, is associated with an increased odds ratio of 
chronic disorders. Therefore, recognizing the impor-
tance role of diet in preventing and managing chronic 
disorders, the World Health Organization (WHO) rec-
ommends dietary modifications such as balanced energy 
intake, limiting saturated and trans fatty acids, increasing 
fruit and vegetable consumption, and reducing salt and 
sugar [7–9].

Phytochemicals such as organosulfur, isoprenoid, and 
phenolic compounds are non-nutritive bioactive com-
pounds [6]. Diets rich in phytochemicals have protective 
effects against chronic disorders due to their antioxidant 
and anti-inflammatory effects [6]. Therefore, McCarty 
proposed the Dietary Phytochemical Index (PI) as the 
percentage of calories derived from phytochemical-rich 
foods because of the health-promoting effects of phyto-
chemicals [6, 10]. Recent findings have emphasized the 
relationship between the dietary PI and health indicators 
such as oxidative stress, inflammation, and cancer [6, 11, 
12]. It has been demonstrated that phytochemicals exert 
anti-cancer effects by inducing apoptosis, reducing cell 
proliferation, and inhibiting angiogenesis [13, 14].

The Healthy Diet Index (HDI) is an index proposed by 
Huijbregts et al. [15]. This index is based on the WHO 
dietary guidelines for the prevention of chronic diseases 
and encompasses 9 nutrients and food groups: saturated 
fatty acids (SFA), unsaturated fatty acids, protein, carbo-
hydrates, fiber, fruits and vegetables, pulses, nuts, seeds, 
and cholesterol [15].

To our knowledge, there has been no study in this field, 
especially in Iranian men. The purpose of this study was 
to investigate the association between the Healthy Diet 

Indicator (HDI) and the PI and the odds ratio of prostate 
cancer in Iranian men.

Methods and materials
Study design and participants
This case-control study was conducted from April until 
September 2015 at two main hospitals in Shiraz, Iran, 
which were referral centers for urological disorders. The 
study sample size calculated based on the study by Askari 
et al. based on α error = 0.05, β error = 0.3, and anticipated 
odds ratio (OR) of 0.4 [16]. A total of 125 individuals 
participated, comprising 62 cases and 63 controls. Medi-
cal records of the patients were obtained from the can-
cer registry database of hospitals, which are the primary 
referral centers in southern Iran for cancer and other dis-
eases (Fig. 1) [17, 18].

The inclusion criteria for the case group included 
patients diagnosed with prostate cancer within the past 
month and eligible for prostatectomy. The control group 
consisted of healthy participants or patients with non-
cancerous and acute illnesses. Controls were selected 
from individuals with specific conditions: 8 with kidney 
issues, 9 with gastrointestinal problems, 5 with neuro-
logical disorders, 21 with eye-related ailments, and 20 
with ear, nose, and throat (ENT) disorders. Controls were 
chosen at the same time and from the same hospitals as 
the cases. Exclusion criteria for both groups included 
daily total energy intake exceeding 4200  kcal/d or less 
than 800 kcal/d, and incomplete responses (less than 70 
items) on the food frequency questionnaire (FFQ) [19]. 
The study protocol was approved by the Ethics Commit-
tee of Shiraz University of Medical Sciences in Iran (IR.
SUMS.REC.1394.S438), following the guidelines of the 
Declaration of Helsinki. Written informed consent was 
obtained from all participants. Some details of the pres-
ent study have been published previously [20, 21].

Demographic and anthropometric assessments
Lifestyle and demographic information such as age, edu-
cation, ethnicity, physical activity, and smoking status 
were assessed through face-to-face interviews and with 
questionnaire. Anthropometric indicators were mea-
sured by standard protocol. Weight, measured without 
shoes in minimal clothing, determined with the precision 
of 0.1  kg using a digital scale (Glamor BS-801, Hitachi, 
China). Height was measured with an accuracy of 0.1 cm 
using a rigid tape measure, with participants standing 
against a wall without shoes, ensuring heels and head 
were firmly against the wall.

Dietary intake assessments
The dietary intake was assessed using a reliable and 
valid semi-quantitative FFQ [22]. Participants reported 
their food frequency based on portion size categorized 
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as follow: “never or less than one time in a month”, “1–3 
times in a month”, “one time in a week”, “2–4 times in a 
week”, “5–6 times in a week”, “one time in a day”, “2 or 3 
times in a day”, “4 or 5 times in a day”, and “6 times or 
more in a day”. Portion sizes were classified as small (half 
the mean of consumption or less), medium (equal to the 
mean of consumption), and large (one and a half times 
the mean of consumption of more). Borland Delphi Pro-
fessional, Visual Basic 2008, version 7.0 software was uti-
lized for analyzing the FFQs. Additionally, Nutritionist 4 
software was employed to convert foods into nutrients 
data.

The HDI was first described by Huijbregts et al. [15]. It 
consists of nine components scored according to WHO 

healthy diet recommendations. Each component, includ-
ing energy intake SFA, monounsaturated fatty acids 
(MUFA), polyunsaturated fatty acids (PUFA), protein, 
and carbohydrates, cholesterol intake, fiber, fruits and 
vegetables intake, and pulses, nuts and seeds intake, was 
dichotomized into adhering to or not adhering to the 
recommendations. A score of 1 was assigned if a par-
ticipant’s diet met the recommended criteria for a com-
ponent, otherwise, a score of 0 was given (see Table  1). 
Therefore, the maximum score is 9 [23].

The PI was calculated using the method developed by 
McCarty [10]: [PI= (daily energy obtained from foods 
phytochemicals- rich foods (kcal) / total daily energy 
intake (kcal)) × 100]. Initially, the energy intake from each 
phytochemical-rich foods item was calculated based on 
their total gram intake. Subsequently, the total energy 
intake from phytochemical-rich foods was computed. 
These foods included whole grains, legumes, nuts, olives 
and olive oil, soy products, seeds tea, coffee, and spices. 
Natural vegetable and fruit juices, as well as tomato 
sauces, were categorized within the vegetable and fruit 
groups due to their phytochemical richness. However, 
potatoes and pickled vegetables were excluded from the 
vegetable groups due to their low phytochemicals con-
tent. The total PI intake was then categorized as lower 
and higher than of mean intake.

Table 1 Healthy diet indicator components score
Components Daily intake Score
SFA (energy %) 0–10% total energy 1
MUFA (energy %) 0–10% total energy 1
PUFA (energy %) 3–7% total energy 1
Protein (energy %) 10–15% total energy 1
Carbohydrate (energy %) 50–75% total energy 1
Cholesterol (mg/day) ≤ 300 mg 1
Fiber (g/day) 27–40 gram 1
fruits and vegetables (g/day) ≥ 400 gram 1
Pulses, nuts and seed (g/day) ≥ 30 gram 1
Total score - 9

Fig. 1 Study flowchart
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Statistical analysis
Data analysis was performed using SPSS version 22 soft-
ware (SPSS Inc. Chicago, IL, USA). The normality of data 
distribution was assessed using the Kolmogorov-Smirnov 
test. Independent samples T-test was employed for para-
metric distributed continuous variables, while the Mann-
Whitney test was used for non-parametric distributed 
variables. Chi-square test was utilized for categorical 
variables.

The association between HDI and PI with prostate 
cancer was examined using regression models, adjusting 
for age, BMI, education and physical activity in the final 
regression model (adjusted variables were selected based 
on variables with a P-value < 0.25 as reported in Table 3). 
A P-value < 0.05 was considered statistically significant.

Results
At first, 125 participants were enrolled in the study (62 
in the case and 63 in the control group). During the final 
analysis, 5 participants were excluded due to incom-
plete responses on the FFQ (2 from the case and 3 from 
the control group). Baseline characteristics of the study 
participants are presented in Table  2. Significant dif-
ference were observed between the case and control 
groups in terms of age (P-value = 0.003), physical activity 
(P-value = 0.024), total fat intake (P-value = 0.049), SFA 
(P-value = 0.016), cholesterol intake (P-value = 0.008), 
total HDI score (P-value<0.001), PI (P-value = 0.005), 
fruits intake (P-value = 0.006) and vegetable intake 
(P-value = 0.029).

The association between baseline characteristics of the 
study population and the odds ratio of prostate cancer is 
presented in Table  3. According to the table, there was 
a statistically significant increase in the odds of prostate 
cancer with each unit increase in age (OR): 1.052– con-
fidence interval (CI) 95%: 1.011–1.095). Additionally, 
compared to those with lower levels of physical activity, 
individuals with high level of physical activity showed 
lower odds of prostate cancer (OR: 0.261 – (CI) 95%: 
0.098–0.698).

The association between HDI and PI with the odds 
ratio of prostate cancer is shown in Table 4. In the crude 
model, a statistically significant and lower odds ratio of 
prostate cancer was observed with higher HDI and PI 
scores compared to lower scores (HDI: OR: 0.322 – CI 
95%: 0.148-0.700 - PI: OR: 0.426 - CI 95%: 0.204–0.888). 

Table 3 Associations between baseline features of study 
population and prostate cancer
Variables OR (CI 95%) P-value
Age (years) 1.052 (1.011–1.095) 0.012
BMI (kg/m2) 0.992 (0.831–1.022) 0.122
Energy intake (kcal/day) 1.000 (1.000-1.001) 0.331
Physical activity
Never or Less
Moderate
High

Ref.
0.543 (0.222–1.330)
0.261 (0.098–0.698)

Ref.
0.182
0.007

Smoking
No
Yes

Ref.
0.837 (0.366–1.915)

Ref.
0.673

Education
Illiterate and Primary
Diploma and Academic

Ref.
0.530 (0.252–1.114)

Ref.
0.094

Ethnicity
Fars
Not Fars

Ref.
0.821 (0.344–1.962)

Ref.
0.658

OR: odd ratio; CI: confidence interval; BMI: body mass index; Ref: reference

Logistic regression is used for analysis

These values are odd ratio (95% CIs).

Significant values are shown in bold

P-value < 0.05 is considered significant

Table 2 The characteristics of the study participants (n = 120)
Variables Cases (n = 60) Controls (n = 60) P-value
Age (year) ^ 65.5 (13.0) 60.0 (11.5) 0.003
BMI (kg/m2) * 24.8 ± 3.6 25.8 ± 3.4 0.121
Physical activity (%) & 0.024
Never or Less
Moderate
High

38.3
41.7
20.0

20.0
40.0
40.0

Smoking, no (%) & 76.7 73.3 0.833
Education (%) & 0.134
Illiterate and Primary
Diploma and Academic

68.3
31.7

53.3
46.7

Ethnicity (%) & 0.825
Fars
Not Fars

80.0
20.0

76.7
23.3

Energy (kcal/day) * 2712.2 ± 593.5 2596.1 ± 712.7 0.334
Fiber (g/day) ^ 20.1 (8.8) 23.3 (11.6) 0.187
Carbohydrate (energy %) ^ 48.6 (11.9) 50.7 (11.9) 0.386
Protein (energy %) ^ 17.2 (3.4) 16.6 (3.6) 0.246
Total Fat (energy %) ^ 19.5 (5.7) 18.4 (5.9) 0.049
SFA (energy %) ^ 6.6 (2.8) 6.1 (2.0) 0.016
PUFA (energy %) ^ 2.4 (1.1) 2.4 (1.4) 0.498
MUFA (energy %) ^ 5.0 (1.7) 4.8 (1.3) 0.299
Cholesterol (mg/day) 593.4 ± 234.1 476.9 ± 240.4 0.008
Total HDI score 5.0 (1.7) 6.0 (1.0) <0.001
PI (energy %) 20.4 (9.9) 26.8 (15.8) 0.005
Whole grains (energy %) 2.2 (10.8) 2.5 (8.8) 0.821
Nuts (energy %) 1.3 (2.1) 1.9 (2.9) 0.196
Legumes (energy %) 2.5 (1.0) 2.3 (1.3) 0.883
Fruits (energy %) 6.9 (5.2) 9.0 (7.1) 0.006
Vegetables (energy %) 7.6 (3.3) 8.4 (3.2) 0.029
BMI: body mass index; SFA: saturated fatty acid; PUFA: polyunsaturated fatty 
acid; MUFA: monounsaturated fatty acid; HDI: healthy diet indicators, PI: 
phytochemical index

Normal continuous variables are reported as Mean ± SD. Abnormal continuous 
variables are reported as Median (IQR).

^Using Mann-Whitney for abnormal continuous variables
*Using independent samples T-test for normal continuous variables
&Using chi-square test for categorical variables

Significant values are shown in bold. P-value < 0.05 is considered significant
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However, after adjusting for potential confounders (age, 
BMI, education, and physical activity), a statistically sig-
nificant lower odds ratio of prostate cancer was seen only 
in those with higher HDI scores (OR: 0.376 - CI 95%: 
0.163–0.868).

Discussion
In the current study, the dietary PI showed an inverse 
association with the odds of prostate cancer. The signifi-
cant association was only observed in crude analysis but 
did not in remain significant in the multivariate analysis. 
Additionally, we found an inverse association between 
the HDI and the odds ratio of prostate cancer.

It’s crucial to adhere to a high-quality diet to reduce 
the risk of cancer. For instance, the Healthy Eating Index 
(HEI) has been associated with a 15% reduction in the 
odds ratio of cancer [24]. Investigating the beneficial 
effects of healthy dietary habits, such as the Mediterra-
nean diet, on the odds ratio of prostate cancer involves 
considering various types of foods within these dietary 
patterns. High consumption of fruits, vegetables, whole 
grains and fish, coupled with low intake of red and pro-
cessed meat, enriched the diet with bioactive molecules 
known for their antioxidant, anti-inflammatory, and alka-
lizing properties [25].

Fruits and vegetables, being primary components of 
healthy dietary patterns, are rich in fiber, micronutri-
ents, and phytochemicals with known as anti-cancer 

properties [25]. Kolonel et al. demonstrated an inverse 
relationship between the intake of yellow-green vegeta-
bles, cruciferous vegetables, and carrots, and the odds 
ratio of advanced prostate cancer [26]. A meta-analysis 
study by Liu et al. further supports this, showing that 
the consumption of cruciferous vegetables is linked to a 
reduction in the odds ratio of prostate cancer [27]. Addi-
tionally, Allium vegetables, containing sulfur phytochem-
icals, are known to enhance the immune system, inhibit 
cell proliferation, induce apoptosis, and changing the 
activation of androgen-responsive genes [28, 29].

Despite the reported protective effects of vegetables 
against prostate cancer, the findings of various studies are 
conflicting [29].

Fruits, vegetables, legumes, and whole grains serve as 
rich sources of fiber, which has been demonstrated pro-
tective effects against various types of cancer [30–34]. 
The role of gut microbiota is crucial in this regard, as 
they metabolized dietary fiber into short-chain fatty acids 
(SCFA), particularly butyrate, which induces cell apop-
tosis [30]. Furthermore, the consumption of fruits and 
vegetables provides abundant phytochemicals known 
for their anti-cancer effects [30]. Recent finding from a 
meta-analysis of prospective observational studies have 
also highlighted an inverse relationship between intake 
of antioxidant phytochemicals or their serum levels and 
the odds ratio of cancer [35]. Similarly, emerging evi-
dence suggests that phytochemicals and other natural 
bioactive compounds possess potential protective effects 
against the occurrence and progression of various can-
cer [36]. Therefore, phytochemicals are recommended 
as a complementary strategy for cancer treatment. Plant-
based foods rich in phytochemicals exert anti-cancer 
effects through bioactive compounds such as soluble and 
insoluble fiber, lignans, sterols, flavonoids, phenolic com-
pounds, and other bioactive metabolites [36].

An inverse association between phytochemical-rich 
foods with inflammation was reported [37–39]. The posi-
tive effects of a high intake of in phytochemicals-rich 
plant foods on the levels of inflammatory markers can 
be attributed to the inhibitory action of polyphenols on 
pro-inflammatory enzymes, as well as their role in pro-
tecting cells against inflammation and oxidative stress 
[40]. Polyphenols prevent prostate cancer through the 
following mechanisms: increasing the activity of anti-
oxidant enzymes (glutathione peroxidase and super-
oxide dismutase); reducing inflammatory factors such 
as interleukin-1β, interleukin-6, tumor necrosis factor-
alpha, 5-lipogenase, and cyclooxygenase-2 (COX-2); 
inhibiting of 5α-reductase, and increasing apoptotic fac-
tors such as pro-apoptotic caspase-3 protein, and G pro-
tein-coupled estrogen receptor 1 (GPER) [41].

Moreover, a high intake of legumes and cereals 
increases vegetable fiber intake, which has anti-cancer 

Table 4 Associations between healthy diet indicators and 
phytochemical index and prostate cancer
Me-
dian of 
indices

Case/Control Model 1 Model 2
OR 95% CI OR 95% 

CI
Healthy Diet Indicator
M1 (≤ 5) 45/30 1.000 Ref. 1.000 Ref.
M2 (˃ 5) 15/30 0.322 0.148-0.700 0.376 0.163–

0.868
P-value 0.004 0.022
Phytochemical Index
M1 
(≤ 24.08% 
energy)

36/23 1.000 Ref. 1.000 Ref.

M2 (˃ 
24.08% 
energy)

24/37 0.426 0.240–0.888 0.524 0.226–
1.210

P-value 0.023 0.130
OR: odd ratio; CI: confidence interval; HDI: healthy diet indicators; Ref: reference; 
M: mean intake

Logistic regression is used for analysis

These values are odd ratio (95% CIs).

Significant values are shown in bold

Model 1: crude model

Model 2: adjusted for age, BMI, physical activity and education

P-value < 0.05 is considered significant

Adjusted for variables with P-value < 0.25 based on Table 3
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effects by reducing glycemic load, lowering insulin-like 
growth factor-1 (IGF1) levels, and improving insulin 
sensitivity [25]. It has been reported that high consump-
tion of leguminous fiber is associated with a reduced 
odds ratio of prostate cancer [25]. Bosire et al. reported 
an inverse relationship between the fish component of 
the alternate Mediterranean diet score and the omega-3 
component of the alternate healthy eating index and fatal 
prostate cancer [42]. A meta-analysis has also shown 
that fish intake has significantly reduces prostate can-
cer-specific mortality [43]. These findings are attributed 
to the high omega-3 content of fish [25]. These findings 
are attributed to the high omega-3 content in fish, which 
decreases the expression of COX-2 and inflammatory 
cytokines [25].

It has also been reported that frequent consumption of 
whole grains effectively reduces the odds ratio of cancer 
due to the protective effects of their compounds, such as 
phytosterols, benzoxanizoids, and alkylresorcinols [30]. 
On the other hand, adherence to healthy diets, such as 
the Mediterranean diet, reduces the intake of red and 
processed meat, thereby decreasing exposure to potential 
carcinogens such as heterocyclic amines, N-nitroso com-
pounds, and polycyclic aromatic hydrocarbons, which 
increases odds ratio of cancer [30]. Therefore, designing 
a balanced diet that includes a variety of plant foods pro-
vides high amounts of phytochemicals, vitamins, miner-
als, and other non-nutrients that have synergistic effects 
[40].

In the present study, several strengths and weak-
nesses should be mentioned. This research is the first to 
investigate the HDI and PI in relation to the odds ratio 
of prostate cancer in Iranian men. Additionally, a valid 
and reliable questionnaire was used to assess the dietary 
intake of the participants.

However, there was a risk of over-reporting and under-
reporting in the use of this questionnaire, which is 
considered a weakness of the study. Moreover, the case-
control study design introduced a risk of selection bias, 
and causality of the association could not be determined. 
Another limitation of our study was the unavailability of 
data on family history of prostate cancer and geographi-
cal location. These factors could potentially influence the 
results and should be considered in future research.

Conclusion
In conclusion, the findings of this study indicate that 
adopting dietary habits favoring healthy diets rich in 
dietary phytochemicals could be effective in preventing 
the occurrence and progression of prostate cancer.
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