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Abstract

Background Dietary intake of phytochemicals has been associated with a reduced risk of chronic diseases, but
research on their relationship with benign prostatic hyperplasia (BPH) is limited. This case-control study aimed to
investigate the association between a Dietary Phytochemical Index (DPI) and BPH risk in a Middle-Eastern population.

Methods The study recruited 112 BPH patients and 112 age-matched healthy controls (40-75 years) from Al-Zahra
Hospital Clinic in Isfahan, Iran between 2021 and 2022. Dietary intake was assessed using a validated food-frequency
questionnaire, and DPI was calculated as the ratio of energy intake from phytochemical-rich foods to total daily
energy intake. Logistic regression analysis was performed, adjusting for potential confounders.

Results In the crude model, participants in the highest DPI tertile had a 70% lower odds of BPH compared to those
in the lowest tertile (OR:0.3, 95% Cl 0.15-0.61, P-trend =0.001). After adjusting for confounders, this inverse association
remained significant (OR:0.23, 95% Cl 0.15-0.63, P-trend =0.001). Participants with higher DPI consumed more whole
grains (p=0.02), nuts (p <0.001), legumes (p=0.02), fruits (p <0.001), vegetables (p <0.001), olives and oilve products
(p=0.02), and tomato and its products (p <0.001) in their diet compared to the lowest tertile. However, red meat
(p=0.03) and refined grains (p <0.001) were consumed in higher amounts in the lowest tertile compared to the
highest DPI tertile.

Conclusions This study demonstrates a protective association between DPI and BPH risk in the Middle-Eastern
population. Encouraging higher intake of phytochemical-rich foods may help reduce the risk of BPH, highlighting the
relevance of nutritional science in promoting prostate health.
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Introduction

Benign prostatic hyperplasia (BPH) is an increasing con-
cern in aging men and involves the lower urinary tract
[1]. Hyperplastic nodules are formed in the periurethral
region and transition duct of the prostate, enlarging to
the urethra. The storage and voiding symptoms include
nocturia, weak urinary stream, and incomplete bladder
emptying, straining to void and an intermittent stream
of urine produced [2, 3]. Recent evidence has shown
that aside from age, metabolic factors including meta-
bolic syndrome, hormonal imbalances including sex ste-
roid hormones and vitamin D levels, are all associated
with an increased risk of BPH [4-7]. Obesity, especially
central obesity, and also dyslipidemia, hypertension and
poor glycemic control are the main modifiable meta-
bolic risk factors for BPH [8-11]. Epidemiological stud-
ies report the potential effect of diet on the incidence and
development of prostatic diseases [12—15]. In patients
with prostatic cancers, the protective effect of a Medi-
terranean diet has been shown due to the high anti-oxi-
dant and polyphenol content of the diet [16]. Moreover,
a decrease in protein intake from animal sources and
inclusion of fruits and vegetables in high amounts may
also play a protective role in BPH [17]. There has been
a growing focus on the production and utilization of
medicinal plants, which serve as potential sources of nat-
ural bioactive compounds, for the treatment of various
prostate diseases, including benign hypertrophy, pros-
tatitis, and chronic pelvic pain syndrome [8, 18]. Phy-
tochemicals are one of the bioactive group of molecules
in these plants that show potential as therapeutic agents
due to their anti-oxidant and anti-inflammatory proper-
ties [18-20]. The Dietary Phytochemical Index (DPI) is
a quantitative index defined as the percentage of energy
intake derived from foods rich in phytochemicals [21].
A number of previous studies investigated the associa-
tion between DPI and chronic diseases including breast
cancer [22], hypertension [23], and Type 2 Diabetes [24].
To our knowledge, the effect of phytochemical intake on
the risk of BPH development has not been assessed so far.
Considering the importance of dietary components as
the chronic effective factors on health, the present study
compared the DPI in newly diagnosed patients with BPH
with that in healthy men.

Methods

Participants

The current case-control study was carried out on 112
newly-identified cases of BPH and 112 healthy-controls
between the ages of 40 and 75 years in Isfahan Al-zahra
Hospital Clinic, Iran, between 2021 and 2022. Sample
size calculation for study was performed using the for-
mula for calculating sample size in a logistic regression
model: n= [(Z*,,,*P*(1-P)*k)/ES® ]. Where Z , (for a
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significance level of 0.05)=1.96, P (estimated proportion
of the outcome)=0.23 [25], assumed ES (effect size)=0.78
[26], k=15, Ratio of Cases to Controls=1:1, The sample
size was initially calculated to be 107 for each group. To
accommodate potential 10% data loss, an additional 5
patients were included in each group. Consequently, a
total of 112 patients were recruited for each group. The
participants were selected using a consecutive random
sampling method. Prior to data collection, each partici-
pant signed a written informed consent form. Prior to
recruitment an experienced urologist diagnosed BPH
patients by the use of the patient’s history, digital rectal
examination (DRE), and laboratory results, such as serum
prostate-specific antigen (PSA between 4 and 10 ng/mL).
We also evaluated the results of the prostate biopsy and
excluded patients with PSA levels>10 ng/mL in order to
exclude prostatic cancer in suspicious cases. BPH patients
suspected of having prostate cancer underwent a series
of clinical and diagnostic investigations, which included
additional assessments such as MRI-Ultrasound Prostate
Fusion Biopsy, or saturation biopsies if deemed necessary
by the urologist. Patients who had been diagnosed with
BPH, no longer than 6 months before the study, were
offered the chance to take part and if consented, were
included in the study. Those who had a prostatectomy,
a history of prostate cancer or any other malignancies,
urinary tract infection or intractable urinary retention,
chronic diseases including any type of diabetes, liver, thy-
roid, cardiovascular diseases, and kidney diseases, any-
one following a special diet, use of appetite suppressants
or anti-obesity drugs, use of multivitamin and mineral
supplements were excluded from the study. The controls
were also randomly selected from the same Clinic by a
urologist with the same criteria as cases but had no his-
tory of BPH or prostate cancer and were visited the clinic
for a routine appointment or were hospital attendees and
they were requested to consult the urologist to verify that
they had not been diagnosed with BPH. We matched the
case and control participants within 5-year age groups in
order to increase comparability among the study groups.
The effects of confounding variables such as body mass
index (BMI), educational level, physical activity, waist cir-
cumference, smoking status, marital status and dietary
intake of red meat, fish, cholesterol, egg, coffee, total fat
and refined grains were adjusted. The study’s protocol
and design were approved by the ethics committee of
Lorestan University of Medical Sciences in accordance
with the ethics code IR.LUMS.REC.1400.081.

Dietary assessment

The dietary intake of participants was evaluated by a
trained nutritionist using the Iranian valid and reliable
168-items semi-quantitative food frequency question-
naire (FFQ) with the standard serving sizes commonly
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consumed by Iranians [27]. Individuals were asked about
their past year of food consumption frequency on a daily,
weekly, and monthly basis. Each food type’s reported
quantities were converted to grams per day. By multiply-
ing the daily frequency of intake by the nutrient content
of the specified portion size, daily energy and nutrient
consumption was determined using the Nutritionist IV
software which is based on the U.S. Department of Agri-
culture’s food composition database (modified for Ira-
nian foods) [28].

Other variables

Each participant was asked to report their age, education,
marital status, smoking habits, family history of BPH and
medical history. A digital scale (accuracy of 100 g) and a
stadiometer (accuracy of 0.1 cm) were used to measure
the participants’ weight and height, respectively via stan-
dard methods. BMI was collected and reported. To the
nearest 0.1 cm, waist circumference was measured with a
plastic measuring tape at the midpoint between the low-
est rib cage and above the iliac crest. The valid and reli-
able Iranian version of the International Physical Activity
Questionnaire (IPAQ) was used to assess physical activity
[29]. The Metabolic Equivalent (MET) of physical activ-
ity was calculated and categorized in to three following
group: Light Activity (MET <3.0), Moderate Activity
(MET 3.0-5.9)),Vigorous Activity (MET =6.0) [30].

Calculation of DPI score

To calculate the DPI, we used the McCarty equation as
follows [21] [Daily energy intake from phytochemical-
rich foods (kcal)/ Total daily energy intake (kcal)] *100.
In the current study, the following phytochemical-rich
foods were taken into consideration: Whole grains, fruits
(orange, yellow, and red); vegetables (including starchy
vegetables, dark green vegetables, orange vegetables,
and red vegetables); products made from soybeans;
nuts (pistachio, hazelnut, almond, walnut, and peanut);
legumes (chickpeas, beans, and lentils); olives; olive oil,
juices from natural fruits and vegetables (carrot, orange,
and lemon). Potato as a vegetable food was not included
in the DPI calculation because of its low phytochemical
content.

Statistical analyses

The Kolmogorov—Smirnoff test was applied to exam-
ine the distribution of data related to normality. Tertile
ranges of DPI scores were assigned for classification of
participants. The Chi-square test was used to investi-
gate categorical variables across DPI tertiles. A One-Way
Analysis of Variance (ANOVA) was used to evaluate dif-
ferences in continuous variables between DPI tertiles. For
variables that were not normally distributed, either the
Mann-Whitney U test or the Kruskal-Wallis test was
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used. The relationship between DPI and BPH was evalu-
ated using binary logistic regression. Age, energy intake
(kcal/day), physical activity levels (light/ moderate/vig-
orous), family history of BPH (yes/no), marital status
(yes/no), education, waist circumference, smoking sta-
tus (smoker/nonsmoker), BMI, and dietary intake of red
meat, fish, cholesterol, egg, coffee, total fat and refined
grains were adjusted in the different multivariable-
adjusted models. The overall trend of ORs across increas-
ing tertiles of DPI was examined by treating tertiles of
DPI as ordinal variables. SPSS (SPSS Inc., version 19) was
used for all statistical analyses. P-values of 0.05 were con-
sidered as significant.

Results

Considering the possibility of dropouts, 224 people par-
ticipated in this research. There were no dropouts. The
study included 112 patients in the case group and 112
healthy individuals in the control group (Fig. 1). The
characteristics of participants between groups and across
tertiles of the Dietary Phytochemical Index are sum-
marized in Table 1. The results showed that the overall
DPI score was significantly higher in the controls than
the cases (p=0.01). Serum PSA levels were significantly
higher in participants in the first tertile of DPI than the
third tertile (p=0.001).

As shown in Table 2, dietary fiber (p=0.03), vitamin A
(p=0.02), E (p=0.01), D (p=0.001), folate (p=0.002), sele-
nium (p<0.001), and magnesium (p=0.001) intake was
significantly higher in the controls compared to the cases.
Participants in the third tertile of DPI consumed higher
PUFA (p=0.04), fiber (p<0.001), vitamin A (p<0.001),
vitamin C (p<0.001), folate (p<0.001), beta-carotene
(p=0.001), zinc (p=0.01) and magnesium (p<0.001) in
their diet compared with the first tertile. Dietary intake of
vitamin D and E were significantly higher in the second
tertile than others (p=0.01 and p=0.005, respectively).

The dietary intakes of various food groups among
participants categorized by DPI tertiles are provided
in Table 3. Food group analysis showed that the BPH-
patients consumed lower fish (p=0.001), legumes
(p<0.001), and olives and olive oil (p=0.02) in their diet
compared to controls. Per day, all participants in the
third tertile of DPI consumed higher fruits (»p<0.001),
whole grains (p=0.02), nuts (p<0.001), legumes
(p=0.02), tomato and its products (p<0.001), and olive
(p=0.02) than the first tertile. However, intake of refined
grains was significantly higher in the first tertile of DPI
(p<0.001). Participants in the second tertile of DPI con-
sumed higher red meat than the other tertiles, per day
(p=0.03).

Multivariable-adjusted ORs and 95% CI for BPH across
tertiles of DPI are presented in Table 4. In the crude
model, participants in the higher tertile of DPI had 70%
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Cases

Patients who visited the urology
clinic of the Isfahan Al-Zahra
hospital

(2024) 43:35

Page 4 of 8

Controls

Healthy hospital attendees that referred to
same clinic or other clinics of the Isfahan
Al-Zahra hospital

.

|
l

112 newly-identified cases of BPH
invited to study

l

112 healthy-controls invited to the study

Participants

112 BPH patients and 112 age-matched healthy controls

Fig. 1 Flow diagram of the case-control study

lower odds of BPH compared to those in the lowest ter-
tile (95% CI 0.15-0.61, P-trend=0.001). After adjusting
for energy intake and anthropometric measures, as the
confounders, this inverse association remained strong
(95%CI 0.14-0.58, P-trend=0.001). In addition to the
previous confounders, further adjustments were made
for education level, family history of BPH, smoking, phys-
ical activity, marital status, and dietary intake. Despite
these additional adjustments, the observed association
between DPI tertiles and BPH remained unchanged
(95%CI 0.15—-0.63, P-trend=0.001).

Discussion

In this case-control study, high intake of dietary phyto-
chemicals reported using the DPI index was inversely
associated with the odds of BPH. This association
remained significant after adjustment for several con-
founding variables including anthropometric measures,
daily calorie and some food intake, physical activity levels
and educational status. This study was the first investi-
gation of the association between DPI and odds of BPH
to date. Dietary patterns vary throughout the world
[31], and intakes of refined carbohydrates and fats has
increased mainly due to the industrialization in devel-
oping countries, a term called ‘nutrition transition’ [32].
These changes predispose a population to nutrition- and
lifestyle- related chronic diseases at an exceeding rate
[33]. BPH is a rising global condition involving 94 million

men in 2019, compared with 51.1 million in 2000. It has
particularly high prevalence and incidence in low- and
middle-income countries due to rapid demographic and
epidemiological changes. Increasing prevalence of BPH
due to longer life expectancies emphasizes the need for
continuous monitoring and proactive planning of health-
care systems to address the growing healthcare demands
[34]. . More recent studies have focused on the associa-
tion between DPI and risk of overweight and obesity, and
metabolic disorders [35, 36], and despite an inverse asso-
ciation between DPI and some cancers such breast can-
cer and glioma in previous studies [37, 38], there is no
study to assess the relationship between DPI and risk of
BPH. A case-control study reported that women in the
highest quartile of DPI had a 92% decrease in odds of
developing breast cancer compared to women in the low-
est quartile [37]. In the present study, participants in the
higher tertile of DPI had 70% lower odds of BPH com-
pared to those in the lowest tertile. One of the key mech-
anisms through which phytochemicals may contribute
to cancer prevention is their antioxidant activity. Anti-
oxidants help neutralize harmful free radicals and reac-
tive oxygen species (ROS) in the body, which are known
to cause DNA damage and promote cancer development
[39] .In addition to their antioxidant properties, phy-
tochemicals can also influence the activity of enzymes
involved in the metabolism of carcinogens. Carcinogens
are substances that can cause cancer, and their activation
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Table 1 General characteristics of participants between groups and across tertiles of Dietary Phytochemical Index
variables® Mean+SDorN (%) MeantSDorN (%) P-value Tertiles of DPI( mean=SD in all participants) P-value?
Cases (n=112) Controls (n=112) T T2 T3

<19 19<DPI<28 >28
Age(year) 57.17+£8.04 58.2+6.69 0.32 56.65+7.32 58.08+7.37 5798+7.58 0.62
Weight(kg) ™' 72841536 732841197 08 7438+1303 741+1393 70641421 0.21
BM\(kg/m2> 2556+5 24.94+3.69 0.32 2569+4.24 25.19+4.31 24.89+4.69 0.56
WC(cm) T 95.6+541 95+4.26 0.32 95.92+4.62 95+5.01 95.34+5.01 048
PSA (ng/ml) 6.17+0.96 3.74+0.67 <0.001 551+147 4.63+1.35 481+1.46 0.001
Total energy (Kcal) 1 235621+67367 232748+658.89 0.76 233947+52013  226947+636.65 241853+80824 043
DPI 25+11 29+10 0.01 15+3 25+3 40+6 <0.001
*Categorical Variables
Marital status, (%)
Married 85(75.9) 92(82.1) 0.25 57(77) 60(80) 60(60) 087
Single 27(24.1) 20(17.9 17 (23) 15 (20) 15 (20)
Education (%)
Under Diploma 28 (25) 29(25.9) 0.7 22(29.7) 17(22.7) 18 (24) 022
Diploma 37 (33) 39(34.8) 30(40.5) 20(26.7) 26(34.7)
Bachelor 31(27.7) 33(29.5) 14(19.9) 26(34.7) 24 (32)
Postgraduate 16(14.3) 11(9.8) 8(10.8) 12(16) 709.3)
Smoking status (%)
Non smokers 58(51.5) 45(40.4) 0.11 49(65.7) 39(51.5) 33(44.8) 0.04
Smokers 54 (48.5) 63 (56.6) 25 (34.3) 36(48.5) 41(55.2)
Family history Of BPH
Yes 62(55.4) 56(50) 042 40(54.1) 40(53.3) 38(50.7) 09
No 50(44.6) 56(50) 34(45.9) 35(46.7) 37(49.3)
Physical activity
Light 84(75) 90(80.4) 0.58 61(82.4) 62(82.7) 51(68) 0.009
Moderate 23(20.5) 19(17) 11(14.9) 8(10.7) 23(30.7)
Vigorous 5(4.5) 3(2.7) 2(2.7) 5(6.7) 1(1.3)

* Data are analyzed by two—sample t-test unless otherwise indicated ! analysis performed by Mann —Whitney U test* Data are analyzed by chi—squared test or
Fisher’s exact test. *P-value Obtained from ANOVA or Kruskal -Wallis or Chi—square test, where appropriate. Bolded p-values (<0.05) denote statistical significance

Table 2 Nutrient intake of participants between groups and across tertiles of dietary phytochemical index

Nutrientst Mean+SD Cases Mean+SD Con- P-value Tertiles of DPI (mean+SD in all participants) P-value?

(n=112) trols (n=112) T T2 T3

<19 19<DPI<28 >28

Carbohydrates intake(g/d) 34421415575 369.64+156.92 0.22 33146+115.79 37084+17164 36813+£17365 0.23
Protein intake(g/d) 9248+28.59 99.19+£20.02 0.24 89.09+35.96 102.72+50.94 95.61+39.77 0.15
Total fat intake(g/d) 93.53+388 94.37£46.63 0.88 88.19+33.96 100.02+£48.94 93.57+438 0.24
Cholesterol (mg/d) 311.14+£181.32 361.95+221.86 0.062 329.06+164.37 37293+£260.89  307.55+167.75 0.13
Saturated fats(g/d) 28.67+1347 26.72+12.73 0.26 27.1+£11.04 30.52+16.96 2546+9.82 0.05
Monounsaturated fats(g/d) 30.92+12.98 30.15+£16.21 0.69 29.34+11.72 32.34+17.56 29.92+14.08 048
Polyunsaturated fats(g/d) 17.37+£10.89 19.07+£12.67 0.28 15.87+£744 18.09+£11.07 2068+ 15.24 0.04
Fiber (g/day) 19.37+£1041 2223+10 0.03 16.78+6.68 2224+11.26 23321111 <0.001
Vitamin A(RE) 1431.12+1251.31 1895.53+£1422.01 0.02 1026.82+£6868.59 2027.8+1727.23 192686+18.02 <0.001
Vitamin D(ug/d) 0.98+1.02 149+1.29 0.001 126+£1.26 151+1.24 093+1 0.01
Vitamin E(mg/d) 4.07+231 584+4.86 0.01 434282 6.15+£557 444218 0.005
Vitamin C (mg/d) 13241+£83.74 151.96+19.73 0.06 106.27 £49.95 154.25+84.57 165.56+85.08 <0.001
Folate (mcg/day) 227.51+£145.05 340.7+£157.8 0.002 247.71+£104.6 33497+181.11 343.81+£150.57 <0.001
Beta-carotene(ug/d) 636.47+736.84 916.1+£654.2 0.07 390.34+447.1 869.19+56295  1069+985.18 0.001
Zinc(mg/d) 11.84+5.66 6.23+6.15 0.08 1091+£4.71 13.69+7 12.97+558 0.01
Selenium (mg/d) 0.11£0.05 0.14£0.06 <0.001 0.12+0.05 0.13+£0.07 0.13+£0.06 0.85
Magnesium(mg/d) 306.23+13043 37235+172.98 0.001 272.83+93.28 35554415327 38861+1857 <0.001
Iron(mg/d) 2436+1263 2414+11.79 0.89 2321+£1095 2495+1327 24.57+1232 0.66

T data are analyzed by two—sample t—test. 2P—value Obtained from ANOVA test. Bolded p-values (<0.05) denote statistical significance
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Table 3 Dietary intakes of food groups of participants by tertiles of DPI
Food groupst Mean+SD Mean+SD Con- P-value Tertiles of DPI ( mean+SD in all participants) P-value?

Cases (n=112) trols (n=112) T1 T2 T3

<19 19<DPI<28 >28

\/ege‘[ables1 (g/day) 150.77 £94.52 162.54+93.97 035 127.8+67.61 17552+108.51 166.26+95.8 <0.001
Fruits® (g/day) 21149+179.04  206.97+131.1 0.82 133.28+83.98 21868+15853  2747+177.7 <0.001
Whole grains3 (g/day) 50.51+198.83 84.62+11848 0.12 29.17+46.07 72.33+103.34 100.69 +256.62 0.02
Refined grains4 (g/day) 410.21+230.18 452.79+246.37 018 516.01+£245.63 443.01+240.52 336.6+195.25 <0.001
Nuts® (g/day) 37.7+53.78 31.48+43.75 034 20.09+17.35 29.16+41.87 5432+6749 <0.001
Legumes6(g/day) 40.48+29.13 58.7+38.07 <0.001 40.64+30.04 54.02+37.63 54+35.66 0.02
High fat dairy products’ (g/ 130.02+£13555  112.02+11565  0.28 120.3+£59.13 155.28+72 96.52+38.28 0.66
day)
Red meats® (g/day) 209.59+193.44 176.34+143.54 0.14 17247 +139.34 234.68+123.17 171.48+102.29 0.03
Fish? 5.18+532 16.14+18.84 0.001 9.75+13.99 113941539 10.84+15.32 0.79
Tomato and its products 35.87+28.65 4245+31.39 0.1 26.63+19.09 4521+21.01 4547 +£24.24 <0.001
Olives and olive oil 11.03+£26.84 28.04+74.74 0.02 6.67+423 20.25+18.22 3143+17.32 0.02

T Data are analyzed by two-sample t-test. 3p-value Obtained from ANOVA test. ' Carrots, spinach, lettuce, eggplant, peppers, green beans, pumpkin, mushrooms,
garlic, stewed vegetables, green beans, Cucumber, cabbage, peas. 2 Watermelon, melon, cantaloupe, apple, cherry, cherry, peach, nectarine, date, grape, kiwi,
pomegranate, strawberry, banana, persimmon, berry, pineapple.> Whole grain breads (Berberi, Sangak), barley, wheat and corn bread. * Lavash bread and baguettes,
rice, pasta, flour, biscuits, Tafton bread. > Almonds, walnuts, peanuts, hazelnuts, pistachios.  Lentils, beans, chickpeas. 7 Full-fat milk, full-fat yogurt, cream cheese,
cream, ice cream.8 Beef, lamb, minced meat.  all type of fishes, tuna. Bolded p-values (<0.05) denote statistical significance

Table 4 Multivariable-adjusted odds ratios (95% Cls) for BPH
across tertile categories of DPI

Tertiles of DPI P-trend

T1 T2 T3

<19 19<DPI<28 >28
Crud Model 1.00 0.21(0.1-0.4) 0.3(0.15-0.61) 0.001
Model | 1.00 0.21(0.1-0.44) 0.29(0.14-0.58) 0.001
Model Il 1.00 0.18(0.08-0.39) 0.3(0.15-0.63) 0.001
Model llI 1.00 0.15(0.06-0.36) 0.23(0.1-0.54) 0.001

Binary logistic regression was used to obtain OR and 95% Cl. The overall trend
of OR across increasing tertiles was examined by considering each category’s
median score as a continuous variable. Model I: Adjusted for Energy intake,
waist circumference, BMI, weight. Model Il: Model | plus education level and
family history of BPH, smoking status, physical activity, marital status. Model
Ill: Model | and Il plus red meat, fish, cholesterol, egg, coffee, total fat, refined
grains

or detoxification largely depends on specific enzymes.
Phytochemicals have been found to modulate the activ-
ity of these enzymes, particularly by inhibiting phase I
enzymes such as cytochrome P450 and inducing phase I1
enzymes including glutathione S-transferases and UDP-
glucuronosyltransferases [40]. Furthermore, the fiber
content in a phytochemical-rich diet also contributes to
cancer prevention. Dietary fibers, particularly soluble
fibers found in fruits, vegetables, and whole grains, have
been associated with a reduced risk of various types of
cancer [41]. In the current study, healthy men consumed
more fiber, vitamin A, E, D, folate, selenium, and mag-
nesium in their daily diet compared with BPH patients.
Higher intake of vitamin E, selenium, and magnesium
has been linked to potential protective effects against
BPH development, as these nutrients possess antioxi-
dant and anti-inflammatory properties [42—44]. Partici-
pants in the third tertile of DPI consumed higher PUFA,
fiber, vitamin A, vitamin C, folate, beta-carotene, zinc

and magnesium compared with the first tertile. Herein,
a diet with high DPI contained more vegetables, fruits,
whole grains, nuts, legumes, olives and olive oil, tomato
and its products but lower refined grains and red meat.
In our study dietary intake of vitamin D, E and red meat
were significantly higher in the second tertile than oth-
ers. It is possible that individuals in the second tertile DPI
may be choose to consume these foods or food contain-
ing this nutriens more frequently due to factors such as
taste preferences, cultural practices, or individual dietary
choices. This study marks the pioneering investigation of
its kind, adding to the ever-growing body of evidence that
supports the potential role of phytochemical-rich diets in
preventing or managing BPH. These findings offer valu-
able insights for clinical practitioners and public health
initiatives striving to alleviate the burden of BPH on
individuals and society. However, previous studies have
predominantly focused on examining isolated nutrients,
rather than taking a comprehensive approach [45]. It is
crucial to recognize that nutrients are not consumed in
isolation, and the complex food matrix itself significantly
influences nutritional outcomes. Consequently, relying
solely on the effects of individual nutrients fails to pro-
vide a comprehensive explanation. Nutrients can exhibit
additive or interactive effects, altering their actions when
consumed together as part of a meal. The synergistic
effects of phytochemicals present in diverse plant-based
foods, consumed holistically, can profoundly impact met-
abolic outcomes [46]. Therefore, it is imperative to tran-
scend the focus on individual nutrients and embrace a
more holistic perspective within the Dietary Phytochem-
ical Index (DPI) framework.

However, our study does have limitations. Self-
reported dietary data is subject to recall bias, potentially
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impacting the accuracy of our findings. Cultural practices
can influence dietary habits, potentially limiting the gen-
eralizability of our results beyond the Middle-Eastern
population. Additionally, we lacked data on the severity
of BPH. While we aimed to assess the association of DPI
with the risk of BPH, we acknowledge the potential sig-
nificance of evaluating the relationship with BPH severity
using parameters such as prostate volume, International
Prostate Symptom Score (IPSS), and uroflowmetry data.
Future research endeavors should consider incorporat-
ing such measures to provide a more comprehensive
understanding of the relationship between DPI and BPH,
including its severity.

Regarding the selection of the control group, we opted
for hospital controls. The criteria for their inclusion in
the control group mirrored those applied to the cases,
except for the absence of a BPH diagnosis. While we did
not gather comprehensive details regarding the purpose
of their hospital visit, our primary concern centered on
verifying their eligibility for inclusion as controls. In con-
sideration of these constraints, our study stands as an
initial foray into investigating the plausible association
between DPI and the risk of BPH.

Conclusion

In conclusion, our study findings indicate a protective
association between a higher DPI and the risk of BPH
in men. This suggests that a diet rich in phytochemical-
containing foods, such as whole grains, fruits and vege-
tables, and nuts, may contribute to a reduced likelihood
of developing BPH among men. Therefore, it is crucial to
emphasize strategies that improve physical and economic
access to these healthy, phytochemical-rich foods, as they
have the potential to mitigate the occurrence of common
chronic diseases. Further research in this area is war-
ranted to deepen our understanding of the mechanisms
underlying the observed association and to explore addi-
tional factors that may influence the relationship between
dietary phytochemicals and BPH risk.

Abbreviations
BPH Benign Prostatic Hyperplasia

DPI Dietary Phytochemical Index

PSA Prostate-Specific Antigen

DRE Digital Rectal Examination

FFQ Food Frequency Questionnaire

IPAQ International Physical Activity Questionnaire
OR Odds Ratio

BMI Body Mass Index

SFA Saturated Fatty Acid

MUFA  Mono-Unsaturated Fatty Acid
PUFA Poly Unsaturated Fatty Acid
IPSS International Prostate Symptom Score

Acknowledgements

We would like to express our gratitude to Lorestan University of Medical
Sciences for providing the necessary resources and facilities for conducting
this research. We sincerely thank the healthcare professionals and staff

at Al-Zahra Hospital Clinic in Isfahan, Iran, for their valuable assistance

(2024) 43:35

Page 7 of 8

in participant recruitment and data collection. We extend our deepest
appreciation to the participants who generously volunteered their time and
took part in this study, as their participation was crucial to the success of our
research.

Author contributions

SNM: Investigation (Equal), Methodology (Equal), Writing — original draft
(Equal).MN: Investigation (Equal), Writing — review & editing (Equal). EYR:
Investigation (Equal), Methodology (Equal), Writing — original draft (Equal).
ShC: Validation (Equal), Writing - review & editing (Equal). RK: Investigation
(Equal), Methodology (Equal), Validation (Equal), Writing — review & editing
(Equal). MB: Formal analysis (Lead), Writing - review & editing (Equal). SS:
Conceptualization (Lead), Project administration (Lead), Formal analysis
Writing — review & editing (Equal). All authors read and approved the final
version of the manuscript.

Funding
This study conducted without external financial support or funding. All
expenses related to this study were personally borne by the authors.

Data availability

The datasets generated and analyzed during the current study are not publicly
available due to our institute policies but are available from the corresponding
author on reasonable request.

Declarations

Ethics approval and consent to participant

The study’s protocol and design were approved by the ethics committee of
Lorestan University of Medical Sciences in accordance with the ethics code
IRLUMS.REC.1400.081. All methods were performed in accordance with
relevant guidelines and regulations.

Consent for publication
Not applicable.

Conflict of interest
The authors declare that there is no conflict of interest regarding the
publication of this article.

Competing interests
The authors declare no competing interests.

Received: 15 September 2023 / Accepted: 26 February 2024
Published online: 01 March 2024

References

1. Langan RC. Benign prostatic hyperplasia. Prim Care: Clin Office Pract.
2019;46(2):223-32.

2. Lerner LB, McVary KT, Barry MJ, Bixler BR, Dahm P, Das AK, et al. Management
of lower urinary tract symptoms attributed to benign prostatic hyperplasia:
AUA guideline part I—initial work-up and medical management. J Urol.
2021;206(4):806-17.

3. Welliver C, Sulaver R, Whittington A, Helfand BT, Griffith JW, McVary KT. Ana-
lyzing why men seek treatment for lower urinary tract symptoms and factors
associated with nonimprovement. Urology. 2015;86(5):862-7.

4. Allen S, Aghajanyan I. Use of thermobalancing therapy in ageing male with
benign prostatic hyperplasia with a focus on etiology and pathophysiology.
Aging Male. 2017;20(1):28-32.

5. Asiedu B, Anang Y, Nyarko A, Doku DA, Amoah BY, Santa S, et al. The role
of sex steroid hormones in benign prostatic hyperplasia. Aging Male.
2017;20(1):17-22.

6. Ferreira FT, Daltoé L, Succi G, Cunha F, Ferreira JM, Lorenzetti F, et al. Relation
between glycemic levels and low tract urinary symptoms in elderly. Aging
Male. 2015;18(1):34-7.

7. Park SG, Yeo JK, Cho DY, Park MG. Impact of metabolic status on the associa-
tion of serum vitamin D with hypogonadism and lower urinary tract symp-
toms/benign prostatic hyperplasia. Aging Male. 2018;21(1):55-9.



Mousavi et al. Journal of Health, Population and Nutrition

20.

22.

23.

24,

25.

26.

27.

28.

Cicero AF, Allkanjari O, Busetto GM, Cai T, Largana G, Magri V et al. Nutraceuti-
cal treatment and prevention of benign prostatic hyperplasia and prostate
cancer. Archivio Italiano Di Urol E Andrologia. 2019;91(3).

Delay KJ, Haney N, Hellstrom WJ. Modifying risk factors in the management
of erectile dysfunction: a review. World J men’s Health. 2016;34(2):89-100.
Hwang EC, KIM SO, NAM DH, Yu HS, Hwang |, Jung Sl et al. Men with hyper-
tension are more likely to have severe lower urinary tract symptoms and
large prostate volume. LUTS: Lower Urinary Tract Symptoms. 2015;7(1):32-6.
Lotti F, Corona G, Vignozzi L, Rossi M, Maseroli E, Cipriani S, et al. Metabolic
syndrome and prostate abnormalities in male subjects of infertile couples.
Asian J Androl. 2014;16(2):295.

Aune D, Giovannucci E, Boffetta P, Fadnes LT, Keum N, Norat T, et al. Fruit

and vegetable intake and the risk of cardiovascular disease, total cancer and
all-cause mortality—a systematic review and dose-response meta-analysis of
prospective studies. Int J Epidemiol. 2017;46(3):1029-56.

LiY, Schoufour J, Wang DD, Dhana K, Pan A, Liu X et al. Healthy lifestyle and
life expectancy free of cancer, cardiovascular disease, and type 2 diabetes:
prospective cohort study. BMJ. 2020;368.

Lope V, Martin M, Castellé A, Ruiz A, Casas AM, Antolin S, et al. Overeating,
caloric restriction and breast cancer risk by pathologic subtype: the EPIGEI-
CAM study. Sci Rep. 2019,9(1):1-9.

Maino Vieytes CA, Taha HM, Burton-Obanla AA, Douglas KG, Arthur AE.
Carbohydrate nutrition and the risk of cancer. Curr Nutr Rep. 2019;8:230-9.
Ceriello A, Esposito K, La Sala L, Pujadas G, De Nigris V, Testa R, et al. The pro-
tective effect of the Mediterranean diet on endothelial resistance to GLP-1in
type 2 diabetes: a preliminary report. Cardiovasc Diabetol. 2014;13(1):1-9.
Das K, Buchholz N. Benign prostate hyperplasia and nutrition. Clin Nutr
ESPEN. 2019;33:5-11.

Salehi B, Fokou PVT, Yamthe LRT, Tali BT, Adetunji CO, Rahavian A, et al.
Phytochemicals in prostate cancer: from bioactive molecules to upcoming
therapeutic agents. Nutrients. 2019;11(7):1483.

Mousavi SN, Hosseinikia M, Yousefi Rad E, Saboori S. Beneficial effects of
Ginkgo biloba leaf extract on inflammatory markers: a systematic review and
meta-analysis of the clinical trials. Phytother Res. 2022,36(9):3459-69.
Saboori S, Rad EY, Mardani M, Khosroshahi MZ, Nouri Y, Falahi E. Effect of Q10
supplementation on body weight and body mass index: a systematic review
and meta-analysis of randomized controlled clinical trials. Diabetes Metabolic
Syndrome: Clin Res Reviews. 2019;13(2):1179-85.

McCarty MF. Proposal for a dietary phytochemical index. Med Hypotheses.
2004,63(5):813-7.

Abshirini M, Mahaki B, Bagheri F, Siassi F, Koohdani F, Sotoudeh G. Higher
intake of phytochemical-rich foods is inversely related to prediabetes: a case-
control study. Int J Prev Med. 2018,9.

Bahadoran Z, Golzarand M, Mirmiran P, Saadati N, Azizi F. The association

of dietary phytochemical index and cardiometabolic risk factors in adults:
Tehran lipid and glucose study. J Hum Nutr Dietetics. 2013;26:145-53.
Vincent HK, Bourguignon CM, Taylor AG. Relationship of the dietary
phytochemical index to weight gain, oxidative stress and inflammation in
overweight young adults. J Hum Nutr Dietetics. 2010;23(1):20-9.

Safarinejad MR. Prevalence of benign prostatic hyperplasia in a popula-
tion-based study in Iranian men 40 years old or older. Int Urol Nephrol.
2008;40:921-31.

Ambrosini GL, De Klerk NH, Mackerras D, Leavy J, Fritschi L. Dietary patterns
and surgically treated benign prostatic hyperplasia: a case control study in
Western Australia. BJU Int. 2008;101(7):853-60.

Mirmiran P, Esfahani FH, Mehrabi Y, Hedayati M, Azizi F. Reliability and relative
validity of an FFQ for nutrients in the Tehran lipid and glucose study. Public
Health Nutr. 2010;13(5):654-62.

Azar M, Sarkisian E. Food composition table of Iran: National Nutrition and
food research institute. Tehran: Shaheed Beheshti University; 1980.

(2024) 43:35

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Page 8 of 8

Moghaddam MB, Aghdam FB, Jafarabadi MA, Allahverdipour H, Nikookheslat
SD, Safarpour S. The Iranian version of International Physical Activity
Questionnaire (IPAQ) in Iran: content and construct validity, factor structure,
internal consistency and stability. World Appl Sci J. 2012;18(8):1073-80.
Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al.
Compendium of physical activities: an update of activity codes and MET
intensities. Med Sci Sports Exerc. 2000;32(9):5498-S504.

Dao MC, Thiron S, Messer E, Sergeant C, Sévigné A, Huart C, et al. Cultural
influences on the regulation of energy intake and obesity: a qualitative study
comparing food customs and attitudes to eating in adults from France and
the United States. Nutrients. 2020;13(1):63.

Popkin BM. The shift in stages of the nutrition transition in the developing
world differs from past experiences! Malaysian J Nutr. 2002;8(1):109-24.
Akombi-Inyang B, Huda MN, Schutte AE, Macniven R, Lin S, Rawstorne P, et
al. The Association between Post-migration Nutrition and Lifestyle Transition
and the risk of developing chronic diseases among Sub-saharan African
migrants: a mixed method systematic review protocol. Int J Environ Res
Public Health. 2021;18(9):4706.

Awedew AF, Han H, Abbasi B, Abbasi-Kangevari M, Ahmed MB, Almidani

O, et al. The global, regional, and national burden of benign prostatic
hyperplasia in 204 countries and territories from 2000 to 2019: a systematic
analysis for the global burden of Disease Study 2019. Lancet Healthy Longev.
2022;3(11):e754-€76.

Salehi-Sahlabadi A, Teymoori F, Mokhtari E, Taghiyar M, Hekmatdoost A,
Mirmiran P. Dietary phytochemical index and the risk of non-alcoholic fatty
liver disease: a case-control study among Iranian adults. Complement Ther
Med. 2022;71:102881.

Wei C, Liu L, Liu R, Dai W, Cui W, Li D. Association between the Phytochemical
Index and Overweight/Obesity: a Meta-analysis. Nutrients. 2022;14(7):1429.
Bahadoran Z, Karimi Z, Houshiar-Rad A, Mirzayi H-R, Rashidkhani B. Dietary
phytochemical index and the risk of breast cancer: a case control study in a
population of Iranian women. Asian Pac J Cancer Prev. 2013;14(5):2747-51.
Rigi S, Shayanfar M, Mousavi SM, Mohammad-Shirazi M, Sharifi G, Esmail-
Izadeh A. Dietary phytochemical index in relation to risk of glioma: a case-
control study in Iranian adults. Nutr J. 2021,20:1-9.

Pandey KB, Rizvi SI. Plant polyphenols as dietary antioxidants in human
health and disease. Oxidative Med Cell Longev. 2009;2:270-8.

Scalbert A, Manach C, Morand C, Rémésy C, Jiménez L. Dietary polyphenols
and the prevention of diseases. Crit Rev Food Sci Nutr. 2005;45(4):287-306.
Slavin JL. Dietary fiber and body weight. Nutrition. 2005;21(3):411-8.

Chang SL, Harshman LC, Presti JC Jr. Impact of common medications on
serum total prostate-specific antigen levels: analysis of the National Health
and Nutrition Examination Survey. J Clin Oncol. 2010,28(25):3951.

Chiu BC, Ji B-T, Dai Q, Gridley G, McLaughlin JK, Gao Y-T, et al. Dietary factors
and risk of colon cancer in Shanghai, China. Cancer Epidemiol Biomarkers
Prev. 2003;12(3):201-8.

Saboori S, Shab-Bidar S, Speakman J, Yousefi Rad E, Djafarian K. Effect of
vitamin E supplementation on serum C-reactive protein level: a meta-analysis
of randomized controlled trials. Eur J Clin Nutr. 2015,69(8):867-73.

Sadeghi A, Saedisomeolia A, Jalili-Baleh L, Khoobi M, Soleimani M, Yasseri
AMF et al. FruHis significantly increases the anti-benign prostatic hyperplasia
effect of lycopene: a double-blinded randomized controlled clinical trial.
Front Nutr. 2022;9.

Moughan PJ. Holistic properties of foods: a changing paradigm in human
nutrition. J Sci Food Agric. 2020;100(14):5056-63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association between dietary phytochemical index and risk of benign prostatic hyperplasia: a case-control study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Participants
	﻿Dietary assessment
	﻿Other variables
	﻿Calculation of DPI score
	﻿Statistical analyses

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


