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Abstract

Background and aims Inflammation and proliferation are the cause @hilgn prostatic
hyperplasia (BPH) and are the key components omighanism of action. In this study we
sought to determine the role of 25-hydroxyvitaminnCBPH, because of its anti-inflammatory
activities, and its effect on prostate volume amHBymptoms.

Methods: This randomized clinical trial (RCT) was condwutten 108 participants >50 years of
age who had either asymptomatic or mild BPH sympgtastording to the International Prostate
Symptom Score (IPSS) questionnaire. Patients warelomly divided into two groups,
intervention and control. The intervention grougeiged 50000 units of vitamin D3 and the
control group received a placebo every two weekssio months. Prostate ultrasound, routine
clinical examinations, toucher rectal (TR), andoiatory tests were performed for all patients.
After six months, the patients underwent anothdrasbund evaluation, measurement of
prostate-specific antigen (PSA) levels and comdi¢hte IPSS. Results of the evaluations before
and after the intervention were compared betweengtbups using the chi-square, t-test, and
logistic regression analysis. Repeated measurgsasalas used to evaluate the effect of vitamin
D intervention on the changes in the IPSS score.

Results The mean age of the participants was 56 + 9 ydarthe control group, the mean
prostate volume was higher compared to the intéimergroup (p<0.001). The control group
had a higher mean PSA level than the interventimumg (p<0.001). Although the IPSS score
decreased over time in both groups, analysis danee showed that the amount of change or
decrease in IPSS score in the intervention group significantly more than the control group

(p<0.001).
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Conclusions The results of our study support the effect dawiin D in reducing prostate
volume and PSA levels, and in improving BPH symoRurther studies are needed to confirm

these findings to verify the use of vitamin D aseatment for BPH.

Keywords: Vitamin D, Benign Prostate Hypertrophy, Inflammat Proliferation

Introduction

Benign prostatic hyperplasia (BPH) is the most camncause of urinary incontinence in a
substantial number of older men (1, 2). BPH is ntmm@mon in North America and Europe than
in Asia and China. Differences in global prevalenu#icate the importance of environmental
factors such as dietary habits in the developmé®RH (3). BPH is a health problem that, in
addition to medical costs for diagnosis and treatinbas indirect costs that include work
absences for these people and reductions in thailitg of life (4). Despite the tremendous
impact on public health, the cause, pathophysiglegyl necessary interventions to treat BPH
are not entirely clear and there are no therapeatipreventive guidelines (2). Dietary and

nutritional factors may affect the onset and symms@f BPH through various mechanisms (5).

Older men have decreased serum testosterone lalglg with increased levels of estrogen,
prolactin, luteinizing hormone (LH), and follicleisulating hormone (FSH). Estrogen increases
the number of androgen receptors in the prostaté inhibits androgen metabolism (6).

Androgens increase prostate cell proliferation annibit planned cell death, which leads to an

increase in prostate volume (2, 7).

BPH is associated with chronic inflammation andréiased expressions of pro-inflammatory

cytokines such as interleukin-15 (8) in stromallszahterleukin-17 in T cells (9), interferon-
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gamma in basal cells and stromal cells, and IL{& ¢e growth factor-derived epithelial cells
(10).

The active form of vitamin D, 1,25(0OH)2D, bindstte vitamin D receptor (VDR) and performs
a variety of biological activities such as calciamd bone metabolism, proliferation, and cell
differentiation into different immune cells for imume system activity. VDR is expressed in
different types of cells, including prostate andgenital cells (11-14). As a result, VDR agonists
have been introduced to treat BPH. Calcitriol agalthat have anti-proliferative properties can
be effective treatments for BPH (15). Vitamin D laga are an important therapeutic target for
lower urinary tract symptomgue to their ability to reduce growth factor signgl(16, 17). In
general, researchers have suggested the use ofirviia and analogs in combination withk-5
reductase and-blockers (18).

An association between vitamin D and the prostate fivst established by the observation of an
epidemiologic correlation between an increase andence and mortality from prostate cancer in
patients with vitamin D deficiency (19). However neeta-analysis concluded that 250HD is
directly correlated with prostate cancer incidebcg inversely with prostate cancer mortality
(20) since, vitamin D increases absorption of cacand phosphorus from the gastrointestinal
tract (21). The prostate was then identified byekpression of 1-hydroxylase and VDR as a site
for vitamin D synthesis (22). It has been obsertlet serum 25-OH D levels are inversely
associated with overall prostate volume and enthpgestate glandx40gram), especially in
men with benign prostatic disease (23, 24). Alsootlaer study declared that there is a
relationship between the presence of vitamin D oigicy and prostate growth-associated

urinary symptoms. The patients with vitamin D dieficy had a significantly higher prostate
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volume, aldosterone, PSA value, IPSS score, andn#isantly lower maximum urinary flow
versus free of vitamin D deficiency patients (25).

Increasing vitamin D intake from the diet or suppdnts reduces the prevalence of BPH.
Vitamin D binds to specific receptors in the prostand bladder, and reduces inflammation and
prostate growth (14). It has been reported th&1GD6U dose red day of Vitamin D analogs can

reduce the prostate volume in BPH patients (17, 26)

Vitamin D has anti-proliferative and anti-inflamroag properties; therefore, it appears that
supplementation with this vitamin may be a suceg¢gsfatment for BPH symptoms. Vitamin D
deficiency is widespread in Iran. There is an diedancidence of BPH in men over the age of
50 years and a lack of medical treatments thatoethe severity of prostate symptoms. To date,
no randomized clinical trial (RCT) studies haverbperformed in Iran due to the different VDR
polymorphisms in this country. In addition, BPH ioges a tremendous cost on Iran’s health care
system. Therefore, we conducted this RCT to ingattithe effect of vitamin D as a supplement

on BPH progression.

Materials and Methods

This RCT was conducted at Ziaeian Hospital, TelJaiversity of Medical Sciences, Tehran,
Iran for 22 months, from April, 2018 to March, 2028 men over the age of 50 years who
referred to the Family Physician and Urology Clniwith asymptomatic BPH or mild BPH

symptoms based on the International Prostate Symfcore (IPSS) were eligible to enter the

study.
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This study was performed in accordance with theqgples of the Declaration of Helsinki.
Approval was granted by Ethics Committee of TeHdmiversity of Medical Sciences (Ethical
code: IR.TUMS.MEDICINE.REC.1397.257). The trial iggred at Iranian Registry of Clinical

Trials (code# IRCT20180922041089N3).

Inclusion and exclusion criteria

Patients were considered eligible for study entrthey met the following inclusion criteria:
signed the approved informed consent; age overealdsy BPH diagnosis via ultrasound; and
asymptomatic or mild BPH based on IPSS questioand@itte exclusion criteria were: body mass
index (BMI) >35 or weight loss greater than 10%botly weight within the previous six months;
histories of kidney, bladder or urinary tract stengrostate or bladder cancer or prostate surgery;
acute or chronic prostatitis or recurrent urinargct infections; histories of acute urinary
retention or recurrent catheters within the paseghmonths; use of gonadotropin-releasing
hormone (GnRH), anti-androgenic agonists, or angmooal drugs within the previous six
months, or the use of herbal or non-herbal medinatifor the control and treatment of BPH,;
histories of chronic diseases (cerebrovasculardeati hypertension, chronic obstructive
pulmonary disease [COPD], liver disease, renalifajlcancer, etc.; use of any medications that
affect vitamin D metabolism (corticosteroids, phimny, phenobarbital, or regular use of vitamin
D supplements) over the past three months; useiurétats such as Lasix (furosemide), or

alcohol abuse.

Collected data

Questioners and all participant were blinded talcanization (double-blind). The following data

were collected from the participants:
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1. Demographic questionnaire (age, sex, educationitahatatus, weight, height, history of
systemic disease, history of psychiatric illnesaggdand drug use).

2. IPSS questionnaire.

3. Routine and toucher rectal (TR) clinical examinasio

4. Prostate ultrasound.

5. Laboratory analyses: fasting blood sugar (FBS)pdblarea nitrogen (BUN), and creatinine
(Cr) (Biotecnica autoanalyzer, BT3000 model, Italygjomplete blood coun{CBC)
(MEK6400 -Cell Counters from Nihon Kohden, Japapjpstate-specific antigen (PSA)
using enzyme linked immunosorbent assay (ELISA)HRz Teb, Tehran, Iran), and
urinalysis (U/A).

6. BMI. (The standing height was measured in centiset@thout shoes with Seka's wall
height gauge; weight was measured in kilograms witbeka scale that had an accuracy of
500 grams. The patients had minimal clothing andsimoes or heavy accessories such as
mobile phones and bags.)

We calculated the sample size of 54 for each gtmaged on a study by Caretta and colleagues

(27), the two-mean test for a quantitative variahle two independent communities, and the

10% attrition risk. Considering the potential reas@f discontinue the study process that were

not considered in exclusion criteria, data was eobdd from more participants than the

calculated amount for the sample size. A total 8 people assessed for eligibility that 132

people were eligible that eight of them tendedhange their diet and physical activity styles;

so, 124 men entered the study, from which 16 p&tierere excluded for the following: 7

received medications from their urologists due xacerbation of urinary clinical symptoms; 2

had vitamin D levels above 100 ng/ml after thedimronth of the study; 4 people did not return
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for the final follow up visit; and 3 patients retutoo late for final examinations. Therefore, we
evaluated the results from 108 people at the enthefsampling period that there were 54
patients assigned to the intervention group antb3He control group (Figure 1)

Individuals who met the entry criteria were enrdllen the study after providing informed
consent. We used simple random sampling to askgpdrticipants to either the intervention or
the control group. The lottery method was usedlasg66 green papers and 66 red papers in a
box. Green was intended for the intervention grang red for the control group. The questioner,
blind to the color assignment, gave each patiestteget of paper at random; so, there was equal
chance of being selected in each of the intervergiod control groups. A family physician's
assistant, blinded to the group in which the pguaict was, performed complete clinical and
ultrasound examinations, and collected the IPS&. dat

Study participants were instructed to abstain fesiy medications or supplements other than the
study medication and placebo for six months. Alitipgpants were randomly assigned to the

study and had a diet and physical activity routmgneir lives.

At the beginning of the study, each person in thervention group received 900 units of oral
vitamin D3 supplementation (28) and participantsthe control group received a placebo
medication every two weeks for six months. The @teacand vitamin D supplement were made
by the same company (Zahravi Pharmacutical CompBalytan, Iran) and all their components
except the presence or absence of vitamin D weaaetlgxhe same. Patients were excluded from
the study if they did not follow this medicatiorhgdule for any reason (drug intolerance, etc.).
Three months after the study began, the patiente tested for vitamin D levels usifd ISA

(Pishtaz Teb, Tehran, Iran). The cutoff value fefidency was considered as <12 ng/ml. Those



158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

with serum levels of 25-hydroxy vitamin D more thEH®0 ng/ml were excluded from the study
because this levels are toxic based on Harrisaimgiples ofinternal Medicine (29). Also, three
months after the start of the study, all patienesenquestioned and followed up for regular

medication usage.

After the completion of the study medications, @ats underwent an ultrasound evaluation,
assessment of PSA levels uslBigSA (Pishtaz Teb, Tehran, Iran) and completed IP8S

guestionnaire. The results were compared withebalts of the baseline assessment.

The IPSS is a seven-question tool used for scrgeniapid diagnosis, follow-up, and
recommendations for the management and treatmé3®lf The questions pertain to symptoms
a person has experienced in the past month anddmdhe feeling of emptying the bladder,
frequent urination, stopping the flow of urine, naiy urgency, poor flow, and waking up at
night to urinate. The IPSS can be used at variousstto compare the progression and severity
of symptoms over months and years. Each questisnahscore of 0 to 5 depending on the
number of times each symptom is experienced, aothhsymptom score of 0 to 35 (0—7 mild,

8-19 moderate, and 10-35 severe) (30).

Statistical analysis
SPSS software (version 23.0 for Windows; IBM SP&8iSics, Armonk, NY, USA) was used
for data analysis and to calculate the main andofijdctives. The results were expressed for

guantitative variables as mean and standard dewmigthean + SD) and qualitative variables as
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relative numbers and frequency. The chi-squaresti-and logistic regression analysis were used

for data analysis. P<0.05 indicated statisticahisicance.

Results

The study population consisted of 108 males (n=&dgpoup). The participants in the control

group had a mean age of 56 + 9 years and the ngmofahe intervention group participants

was 57 + 9 years. The mean BMI in the intervengooup was 27 = 3 and in the control group,
it was 27 + 4. Table 1 lists the patients’ quaNtatdemographic information.

There was a significant difference between the atilue status of the two groups (p=0.08). In

the intervention group, 27.8% of the participaras la university education, whereas only 5.6%
of the control group had a university educationisTfference was taken into consideration for

regression analysis as a confounder.

Vitamin D supplementation and prostate volume

The mean prostate volumes in vitamin D group be#oré after intervention were 39+20 and
3721 cc, respectively; these volumes in the congimup were 3315 and 36+16 cc,
respectivelyIn the control group, the mean prostate volume %85 cc higher than the mean
prostate volume in the intervention group (95% ZI1-7.19, p<0.001). This difference was
independent of the ultrasound assessment of thetgbeovolume before the intervention. At the
study onset, the mean prostate volume of the cdomfroup was 0.97 cc more than the
intervention group (p<0.001). Table 2 lists thefaté€nces in prostate volume after adjustments
for age and diabetes, and according to the primaadysecondary ultrasound results in the two

groups.
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The prostate volume in the intervention group wgsiicantly smaller than the control group

based on age (p<0.001) and diabetes (p<0.001).

Vitamin D supplementation and prostate-specific angen (PSA) levels

The mean PSA levels in vitamin D group before &gl antervention werd.8+1.7

and 1.6+1.6 ng/m| respectively; these volumes in the control growgre 2.6+7 and 3+8 ng/ml|
respectivelyThe mean PSA level was 0.45 ng/ml higher in thetrobigroup compared to the
intervention group (95% CI: 0.21-0.70, p-value<@)00 his difference was independent of the
mean PSA level before intervention, which was Imdiigher in the control group (p<0.001).

Table 3 shows the changes in PSA levels by adgiétinage and diabetes in both groups.

The PSA in the intervention group was significadtiwer than the control group based on age

(p<0.001) and diabetes (p<0.001).

Vitamin D supplementation and International Prostaie Symptom Score (IPSS)

The mean IPSS score in the intervention group sellvee (time 0) was 7 + 6. Three months after
the start of the study (time 1), the mean IPSSese@s 5.6 + 5.6, and at the end of the study

(time 2), itwas 5 £ 5.

In the control group, the mean IPSS at the begmwihthe study (time 0) was 6 + 4. Three
months after the start of the study (time 1), theamIPSS score was 6 + 4 and at the end of the

study (time 2), it was 5 * 4.

Repeated measurement was used to evaluate the @ffetamin D intervention on the changes
in IPSS. Although the IPSS values decreased onex i both groups, the results of repeated

analysis of variance showed that the amount of ghaor decrease in IPSS score in the
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intervention group was significantly higher thare tbontrol group (p<0.001). The effect of
supplementation on the IPSS score in terms of agadabetes in both groups are presented in

Table 4.

Repeated measurement was used to evaluate thé @ffecamin D supplementation on IPSS
score changes with age and diabetes. The analyg&giance results showed that the amount of
change or decrease in IPSS score in the intervemgioup was significantly higher than the

control group in terms of age and diabetes (p<0.001

Discussion

Studies of the effect of 25 (OH) vitamin D suppletaion on improving BPH symptoms have
increased since 2002. Vitamin D analogs were ptsiyoused to investigate BPH because of the
possibility of tissue calcification with vitamin Bupplementation (15). However, in recent years
the mechanisms of vitamin D have been determineliahas been used as a supplement in
studies. Nevertheless, few studies have been ctedlweorldwide to determine the effects of
vitamin D supplementation instead of its analog8& (24). The current study is the first RCT

in Iran to assess the effects of vitamin D on BPH.

We observed that the intervention group had deetkasostate volume and lower PSA levels
than the control group (p<0.001). These resultseveggnificant after adjustments for age and
diabetes. The results indicated that vitamin D ddag an effective treatment for improving the
course of BPH because of its anti-inflammatory naattms, increased expression of apoptotic
genes, and other mechanisms. The patients’ clirsgaiptoms were assessed by the IPSS

guestionnaire at the beginning of the study, thmeaths after the onset of the study, and at the
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end of the study. The clinical symptoms improvedhe intervention group. Participants in the

intervention group had significantly lower mean & ores (p<0.001).

In several studies, the positive effects of vitaBiranalogs on inhibition of cellular prostate
growth and various mechanisms of apoptosis in ptestells have been reported (31-33). In line
with the results of our research, the findings efualy conducted by Cretta et al found an inverse
relationship between 26H-vitamin D plasma levels and IPSS scores, while gmifscant
positive linear correlation was present betweerSIR8d age, PSA level, and prostate volume

(27).

Zhang et al. conducted a study in China to detezrttie prostate volume and changes in urine
flow in men with vitamin D deficiency compared teemwith normal vitamin D levels. Their
case-control study enrolled 322 men, from which ZBIL7%) had vitamin D deficiency. The
group that was deficient in vitamin D had signifitlg higher prostate volume, aldosterone, PSA
levels, and IPSS values. The maximum urine flow gigmificantly lower. Two-way logistic
regression analysis showed that vitamin D defigfewes inversely related to BPH symptoms.

This study suggested that vitamin D deficiency ey marker of BPH (25).

An observational study examined the associatioseaim PSA and prostate volume with serum
vitamin D levels. The results of this study showkdt serum vitamin D levels were inversely

related to total prostate volume and an enlargedtate (23). In this study, the regulated logistic
regression model for age, serum PSA anddsluctase inhibitors indicated that the prostate
volume was inversely related to serum vitamin Delsywhich was consistent with the results of
the present study. Two limitations of the above-noered study (23) were the cross-sectional

design and not taking into consideration the impécltiabetes on the results.
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A clinical trial conducted by Safwat et al. in Egy{34) enrolled 196 men per group. The
intervention group received vitamin D supplemeptatiThe PSA level in the intervention group
was significantly lower than the control group (@%). This result was consistent with our
findings. However, in their study, prostate volundtd not change with vitamin D

supplementation. The above mentioned study isnhedinical trial of vitamin D and BPH. The

present results also showed that PSA levels innteevention group were significantly lower
than the control group. However, participants irr study had asymptomatic or mild BPH
symptoms whereas the study by Safwa et al. inclug®®@ patients with simple BPH and

moderate to severe symptoms, which could explarditierence between the results.

In addition to vitamin D, researches have focusede associations with BPH and dietary
patterns, and other macronutrients and micronutridn one study conducted by Kristal et al.,
patients who consumed a diet that contained higal fat and red meat consumption had
increased risk for developing BPH. In contrast, iet avith proper amounts of protein and
vegetables reduced the risk of BPH. The study #&smd no link between the use of
antioxidants, vitamin E supplements, vitamin C, aetenium with BPH. However, the use of

zinc and vitamin D supplements has been assoondtbd reduced risk of BPH (35).

Vitamin D has an inhibitory effect on the Rho A/Rassociated protein kinase (ROCK)
pathway, along with cyclooxygenase 2 expression mmstaglandin E2 production in BPH
stromal cells (32, 36). An increased vitamin D katdrom diet and supplements has been linked
to a reduced prevalence of BPH (37). A study by yret al, reported that the use of vitamin D
analogs and supplements has shown that prostaimealecreases in BPH patients. Controlling
for age, serum PSA, &+eductase inhibitors use, obesity and prostateeratiagnosis, prostate

volume was inversely associated with vitamin D gsserum vitamin D as a continuous and
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categorical variable. Logistic regression modeb alesmonstrated an inverse association between
vitamin D (continuous and categorical) and prostatieime>40grams (23). Para-clinical and
clinical trial results indicated that vitamin D remks BPH cells and the proliferation of prostate
cells, PSA levels, and IPSS scores (38). Thereforig, necessary to pay special attention to
vitamin D intake in patients with BPH. There isigthprevalence of BPH. Therefore, in older

individuals without BPH, vitamin D supplementatisrsuggested for prevention of BPH.

Limitations of this study included budget consttsitihat prevented further evaluations. Also, we
included patients with asymptomatic or minimal syomps of BPH in this study. This might
affect the results because of the possibility BRRH was not progressive in these stages. Further
studies should separately compare mild, moderatd, ssevere BPH. The trial registered at
Iranian Registry of Clinical Trials (code# IRCT2@B22041089N3).

Conclusion

In this study, we evaluated the effect of vitaminsGpplementation on prostate volume, PSA
levels, and patients’ symptoms according to theSI8estionnaire. We found that vitamin D
supplementation significantly reduced prostate n@wand serum PSA levels in the intervention
group compared to the control group. This effect walependent of age and the presence or
absence of diabetes. Both groups had a reductiolnical symptoms after the end of the study.
This reduction was significantly more in the intemtion group and was independent of patients'
age or diabetes. Therefore, vitamin D supplemeantgtiayed a significant role in reducing the

symptoms of BPH in patients.
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Table 1: Demographic characteristics of the participants.

Variable Vitamin D Control group P value
group n (%)
n (%)
Under Diploma 17 (31) 22 (41)
Educational Diploma 22 (41) 29 (54) 0.008
level University 15 (28) 3(5)
Single 2(4) 0
Marital status Married 51 (94) 54 (100) 0.9
Divorced 1(2) 0
Employment Employed 50 (91) 51 (95) 0.9
status Unemployed/retired 4(7) 3(5)

Table 2: The effect of vitamin D supplementation on prostatkime in the intervention group compared with the
control group (adjusted for age and diabetes).

Coefficient P-value 95% CI
Minimum Maximum

Age 4.63 <0.001 2.08 7.18

Diabetes 4.66 <0.001 2.10 7.22

In the control group, the mean prostate volume sigisificantly higher than the mean prostate volumiae intervention group.

Table 3: The effect of vitamin D supplementation on prostgiecific antigen (PSA) levels in the intervention
group compared with the control group (adjustedafyge and diabetes).

Coefficient P-value 95% CI
Minimum  Maximum

Age 0.47 <0.001 0.22 0.72

Diabetes 0.47 <0.001 0.22 0.72

The mean PSA level was significantly higher in¢betrol group compared to the intervention group.

Table 4: The effect of vitamin D supplementation on Inteiorél Prostate Symptom Score (IPSS) in the
intervention group compared with the control grdagjusted for age and diabetes).

Variable Time 0 Timel Time 2 P-value
(Month 3) (Month 6)
Age Intervention 76 6+6 5+5
group score
Control 6+4 6+4 5+ 4 <0.001

group score

Diabetes Intervention 7+6 6+6 4+5




group score
Control 6+4 6+4 5+4 <0.001
group score

The mean IPSS score was significantly higher irctiverol group compared to the intervention group.

Figure 1: Participants Flowchart
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Enrollment Assessed for eligibility (n= 180)

Excluded (n= 56)

+Not meeting inclusion criteria (n= 30)
+Declined to participate (n= 10)

+Changed diet and physical activity style (n-8)
+Other reasons (n=8)

) 4

Randomized (n=124)

}

A4 [ Allocation ] A4
Allocated to intervention (n= 62) Allocated to control (n= 62)
+ Recerved vitamin D (n= 56) + Received placebo (n=61)
+ Did not receive Vitamin D (Need to receive other + Did not receive placebo (Need to receive other
medications (n= 6) medications) (n=1)

v [ Follow-Up ] v
Discontinued intervention (vitamin D levels> 100 +Lost to follow-up (Do not return for the final
ng/ml (n=2) follow up visit and Return too late for final

examinations) (n=7)

Y

T

Analysis ] v

Analysed (n= 54) Analysed (n=54)




