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Abstract
Introduction: Numerous factors such as endothelial disease 
and hormonal disorder cause the development of erectile 
dysfunction (ED). However, the relationship between vita-
min D deficiency (VDD) and ED is unclear. Moreover, the ben-
efit of vitamin D replacement on ED patients with VDD is 
uncertain. As far as we know, there is no study yet in the lit-
erature regarding the addition of vitamin D to phosphodies-
terase type 5 inhibitors in the treatment of ED patients with 
VDD. In this study, we investigated whether adding vitamin 
D to daily tadalafil treatment would be beneficial in ED pa-
tients with VDD. Methods: A total of 111 patients with VDD 
accompanying ED were retrospectively evaluated between 
January 2016 and December 2019. Patients were divided 
into 2 groups according to the treatment they received. 
Group 1 (n = 58) was treated with daily oral tadalafil 5 mg, 
while group 2 (n = 53) received oral tadalafil 5 mg and 4,000 
IU vitamin D3. Total International Index of Erectile Func-
tion-15 (IIEF-15) scores and vitamin D levels of the groups 

were compared at the end of the study. Results: The mean 
vitamin D level was increased statistically significant in group 
2, but no difference was seen in group 1 (p < 0.001 and p > 
0.05, respectively). There was a significant increase in medi-
an erectile function, orgasmic function, sexual desire, sexual 
satisfaction, and overall satisfaction scores in both groups  
(p < 0.001). However, the increase in median erectile func-
tion and sexual desire scores was significantly higher in 
group 2 compared to group 1 at the end of the study (p = 
0.01 and p < 0.001, respectively). Conclusion: We found that 
adding vitamin D to 5 mg oral daily tadalafil treatment may 
have an additional positive effect on erectile function and 
sexual desire in ED patients with VDD.

© 2021 S. Karger AG, Basel

Introduction

Erectile dysfunction (ED) is an important sexual health 
problem in males between the ages of 40 and 70, with a 
rate of 52% and an annual incidence of 26/1,000 [1, 2]. 
Among organic causes, vascular ED is a dominant form 
mainly caused by endothelial dysfunction [3, 4].
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Vitamin D plays an important role in endothelial sys-
tem health by providing blood pressure regulation 
through suppression of renin and also with direct effects 
such as anti-oxidative and anti-inflammatory [5–8]. It 
also plays an important role in providing an intact penis 
anatomy and histology and in the synthesis of nitric ox-
ide, which is necessary in physiology of erection [6, 9, 10]. 
In addition, it is hypothesized that vitamin D may have 
an effect on the improvement of erectile function (EF) by 
its affinity on testosterone receptors [11].

Because vitamin D deficiency (VDD) has been shown 
to disrupt endothelial functions, theoretically it may 
cause ED also [12]. Although there are some studies 
which reported a positive relationship between vitamin D 
level and the International Index of Erectile Function 
(IIEF-5) score, this relationship is not clear [13, 14]. 
Moreover, whether vitamin D replacement therapy is 
useful in patients with ED and VDD is also uncertain 
[13].

Phosphodiesterase type 5 inhibitors (PDE5i) are used 
as first-line treatment in ED [3]. However, approximate-
ly 30% of ED patients are unresponsive to PDE5i treat-
ment [15]. It was shown that ED patients who did not 
respond to oral sildenafil citrate had lower vitamin D lev-
els and EF score [16]. Therefore, it may be beneficial add-
ing the vitamin D to PDE5i treatment to increase its effect 
in patients with ED and VDD. However, there is no study 
in the literature on this subject. In this study, we investi-
gated whether adding vitamin D to the daily 5 mg tadalafil 
in ED patients with VDD has a favorable effect on EF.

Materials and Methods

This retrospective study was approved by the local ethics commit-
tee. Written consent was obtained from all the patients, and the study 
was conducted in accord with the Helsinki Declaration. Between Jan-
uary 2016 and December 2019, 111 male patients with VDD (vitamin 
D <20 ng/mL) accompanying ED were included in our study. Fifty-

Table 1. Demographic characteristics of the ED patients

ED patients 
(N = 111)

Group 1 
(n = 58)

Group 2 
(n = 53)

p values

Age* 44.48±11.63 44.05±11.45 44.94±11.92 0.68
CCI** 0 (1) 0 (1) 0 (2) 0.19
BMI, kg/m2* 24.25±1.92 24.01±1.73 24.51±2.09 0.08
Smoking, n (%)

Yes 37 (33.3) 16 (43.2) 21 (56.8) 0.17No 74 (66.7) 42 (56.8) 32 (43.2)
Alcohol use, n (%)

Yes 4 (3.6) 1 (25) 3 (75) 0.34No 107 (96.4) 57 (53.3) 50 (46.7)
Diabetes mellitus, n (%)

Yes 20 (21.9) 7 (35) 13 (65) 0.08No 91 (78.1) 51 (56) 40 (44)
Hypertension, n (%)

Yes 6 (5.4) 2 (33.3) 4 (66.7) 0.42No 105 (94.6) 56 (53.3) 49 (46.7)
Dyslipidemia, n (%)

Yes 5 (4.5) 2 (40) 3 (60) 0.67No 106 (95.5) 56 (52.8) 50 (47.2)
Glucose, mg/dL* 114.23±48.18 104.72±30.35 124.36±60.50 0.57
Total cholesterol, mg/dL* 157.07±31.05 158.2±27.6 155.7±34.6 0.37
HDL cholesterol, mg/dL* 44.47±9.53 42±8.6 45.8±10.3 0.22
LDL cholesterol, mg/dL* 88.25±31 90.17±30 86.15±32.2 0.26
Triglycerides, mg/dL* 121.67±45.3 124.4±51.7 118.64±37.2 0.95
Testosterone, ng/mL* 4.23±1.35 4.17±1.45 4.29±1.25 0.29

Group 1, patients receiving oral tadalafil 5 mg/day; group 2, patients receiving oral tadalafil 5 mg/day + 4,000 
IU/day vitamin D3; ED, erectile dysfunction; CCI, Charlson Comorbidity Index; BMI, body mass index; IQR, 
interquartile range; SD, standard deviation. * Mean ± SD. ** Median (IQR).
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eight patients were assigned as the control group who received 
tadalafil 5 mg only (group 1), and 53 of the patients were determined 
as the case group who received oral daily tadalafil 5 mg and 4,000 IU 
vitamin D3 replacement (group 2). Age, Charlson Comorbidity In-
dex (CCI) scores, body mass index (BMI), smoking and alcohol 
abuse, fasting blood glucose, HDL, LDL, total cholesterol, triglycer-
ide, total testosterone, and vitamin D levels were recorded.

The IIEF scores (EF [questions 1, 2, 3, 4, 5, and 15], orgasmic 
function [OF] [questions 9 and 10], sexual desire [SD] [questions 
11 and 12], sexual satisfaction [SS] [questions 6, 7, and 8], and 
overall satisfaction [OS] [questions 13 and 14]) and vitamin D lev-
el of the groups were compared before the treatment and at the first 
and also the third month of the treatment. Fasting blood samples 
of the patients were taken (8:00–10:00 a.m.) in the morning. 25-
(OH) vitamin D levels were measured using the Cobas e 601 mod-
ular system (Roche Diagnostics) via the chemiluminescence mic-
roparticle immunoassay method.

Vitamin D level was not routinely checked in ED patients in 
our clinic. The patients included in the study groups were those 
whose vitamin D level was checked for the check-up program. It 
was measured only in patients who admitted to the routine check-
up program. VDD (Vit D < 20 ng/mL) was detected in 128 of 367 
(34%) ED patients whose vitamin D levels were checked. Among 
these, 111 patients who met the inclusion criteria were included in 
the study. Vitamin D replacement therapy was recommended in 
all patients with a vitamin D level of <20 ng/mL. Patients who had 
contraindications for PDE5i (such as myocardial revasculariza-
tion, percutaneous coronary intervention, and history of stable an-
gina pectoris), history of vitamin D usage, pelvic surgery, hypogo-
nadism, and renal insufficiency, have previously received ED treat-
ment, and those using drugs that may affect erectile function were 
excluded from the study.

Statistical Analysis
SPSS 20.0 (SPSS, Chicago, IL) program was used for statistical 

analysis. Continuous quantitative data were presented as mean ± 
SD, discrete quantitative data as median (interquartile range), and 
classifiable qualitative data as percentages (%). The Shapiro-Wilk 
test was used to evaluate the homogeneous distribution of the data. 

Student’s t test was used when parametric test assumptions were 
met in 2 independent groups, and the Mann-Whitney U test was 
used otherwise. The χ2 test was used to compare qualitative data. 
Fisher’s exact test was used if the expected values were not met. The 
repeated measures ANOVA test was used when parametric test 
assumptions were met in >2 repeated measurements, and the 
Friedman test was used otherwise. A p value of < 0.05 was consid-
ered as statistically significant.

Results

Group 1 and group 2 were similar in terms of mean age, 
median Charlson Comorbidity Score, mean body mass in-
dex, mean fasting blood glucose, mean HDL, LDL, total 
cholesterol, triglyceride, total testosterone, vitamin D lev-
el, comorbid diseases such as diabetes mellitus, hyperten-
sion, and dyslipidemia, and also smoking and alcohol 
abuse (p > 0.05) (Table 1). In addition, it was found that 
the groups were similar in terms of pretreatment values of 
median EF, OF, SD, SS, and OS scores (p > 0.05) (Table 2).

In the first month of treatment, there was a statisti-
cally significant increase in median EF, OF, SD, SS, and 
OS scores in both groups (p < 0.001) (Table 2) (Fig. 1b–f). 
The mean vitamin D levels increase significantly in group 
2 compared to the pretreatment values (p < 0.001) 
(Fig. 1a). The mean vitamin D level and median SD level 
were significantly higher in group 2 compared to group 1 
(p < 0.001 and p = 0.02, respectively) (Table 2) (Fig. 1a, c).

In the third month of treatment, the median EF, OF, 
SD, SS, and OS scores were statistically higher compared 
to the pretreatment values in both groups (p < 0.001) (Ta-
ble 2; Fig. 1b–f). Increase in the mean vitamin D level was 
significantly higher in group 2 according to the pretreat-

Table 2. Comparison of pre- and posttreatment values of the patients

Group 1 (n = 58) Group 2 (n = 53) p values

pretreatment 
values

first month third month pretreatment 
values

first month third month pretreatment 
values

first 
month

third 
month

EF* 14 (10) 21.5 (11)a 22 (10)a 11 (12) 21 (9)c 24 (7)c, d 0.28 1 0.01
SD* 6 (4) 8 (2)a 8 (2)a 7 (3) 9 (1)c 9 (2)c 0.09 0.02 <0.001
OF* 5 (4) 8 (2)a 8 (1)a 5 (3) 8 (1)c 8 (1)c 0.94 0.91 0.98
SS* 6 (3) 10.5 (4)a 11 (4)a 6 (3) 9 (3)c 9 (3)c 0.55 0.84 0.75
OS* 5 (3) 8 (2)a 8 (2)a 5 (3) 8 (1)c 8 (1)c 0.96 0.40 0.50
Vit-D, ng/mL** 14.48±2.78 14.77±2.60b 16.21±3.58b 13.96±3.42 30.81±4.22c 34.94±4.49c, d 0.38 <0.001 <0.001

EF, erectile function; SD, sexual desire; OF, orgasmic function; SS, sexual satisfaction; OS, overall satisfaction; group 1, patients receiving oral tadalafil 5 
mg/day; group 2, patients receiving oral tadalafil 5 mg/day + 4,000 IU/day vitamin D3; IQR, interquartile range; SD, standard deviation. * Median (IQR). 
** Mean ± SD. Bold text indicates a statistically significant difference (p < 0.05). a p < 0.001 versus pretreatment values in group 1. b p > 0.05 versus pretreatment 
values in group 1. c p < 0.001 versus pretreatment values in group 2. d p < 0.001 versus first-month values in group 2.
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Fig. 1. a Comparison of vitamin D levels. b Comparison of erectile function scores. c Comparison of sexual desire 
scores. d Comparison of orgasmic function scores. e Comparison of sexual satisfaction scores. f Comparison of 
overall satisfaction scores.
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ment values (p < 0.001) (Fig. 1a). The mean vitamin D 
levels and median EF and SD scores were significantly 
higher in group 2 compared to group 1 (p < 0.001, p = 
0.01, and p < 0.001, respectively) (Table 2; Fig. 1a–c).

In group 1, there was no significant difference in EF, 
OF, SD, SS, and OS scores and vitamin D levels in the first 
and in the third month of treatment (p > 0.05) (Fig. 1a–f). 
The median OF, SD, SS, and OS scores in the first and the 
third month were similar in group 2 also (p > 0.05); how-
ever, mean vitamin D levels and median EF score in the 
third month of treatment were significantly higher than 
those in the first month of treatment (p < 0.001) (Fig. 1a, 
b). No significant side effect was observed in both groups.

Discussion

The etiopathogenesis of ED is unclear, and another is-
sue that has been emphasized in recent years is VDD. 
VDD is also a common condition which was found in 
38% of males in a study consisting of 926 males in our 
country [17]. However, despite numerous studies, the re-
lationship between VDD and ED is not clear. In a meta-
analysis including the results of 7 trials consisting of 4,132 
patients, it was found that there was no evidence of strong 
relationship between vitamin D and ED [13]. However, it 
was indicated that the results should be evaluated care-
fully with more qualified studies.

Treatment of ED ranges from lifestyle modification to 
oral therapy with PDE5i, intracavernosal treatments, and, 
finally, penile prosthesis implantation. PDE5i are recom-
mended as first-line treatment which is a highly effective 
oral treatment with low side effects [3]. It can be used on 
demand before sexual intercourse or daily. Tadalafil is one 
of the FDA-approved PDE5i and is preferred as its long 
half-life allows spontaneous intercourse. However, only 
70% of the patients can respond to PDE5i [15]. Therefore, 
response of PDE5i which were given as initial treatment 
should be ensured at the maximum level. One of the pre-
cautions that must be taken may be adding vitamin D to 
the treatment in ED patients with VDD. The effects of vi-
tamin D on many mechanisms such as endothelial system, 
nitric oxide release, and androgen receptors were shown 
in many studies preclinically and clinically [18].

In a cross-sectional study with 192 male patients, it was 
evaluated whether the response to 100 mg oral sildenafil 
was related to the level of blood vitamin D and it has been 
pointed out that maintaining the 25 (OH) vitamin D lev-
el in normal range is important for the success of oral 
therapy [16]. However, no study yet has been published 

in the literature regarding the addition of vitamin D to 
PDE5i treatment in ED patients with VDD.

We studied whether vitamin D replacement is benefi-
cial to daily tadalafil 5 mg treatment in ED patients with 
VDD. In this study, unlike many similar studies, IIEF-15 
was used instead of the IIEF-5 questionnaire to evaluate 
not only EF but also other parameters of sexual life such 
as libido, SS, and OF. The median EF, OF, SD, SS, and OS 
scores have increased statistically significantly compared 
to the pretreatment values for both groups. At the first 
month of study, only the SD value was found significant-
ly higher in group 2 (p = 0.02), whereas both EF and SD 
values were found higher in group 2 at the third month 
(p = 0.01 and p < 0.001, respectively).

At this point, administration of vitamin D as mono-
therapy may be an option in patients with VDD accom-
panying ED. Unfortunately, there are few studies in the 
literature in this regard and the results are still uncertain. 
In a study by Cangüven et al. [19], 102 patients with VDD 
who were administered monthly single high-dose vita-
min D treatment for 12 months were prospectively evalu-
ated. It was shown that there was a significant increase in 
IIEF-5 scores with the improvement in vitamin D level. 
In line with these results, significant improvement in EF 
after vitamin D replacement therapy was reported in an-
other longitudinal study [14]. However, in another study 
evaluating the effect of vitamin D supplementation in di-
alysis patients, there were no significant changes in sexu-
al parameters following vitamin D supplementation [20].

Our study has some potential limitations. First, since 
treatment of ED was arranged according to EAU and 
AUA guidelines in our study, daily 5 mg tadalafil treat-
ment was planned for all patients. Therefore, a patient 
group who received only vitamin D treatment could not 
be formed. Therefore, we could not determine the results 
of administering vitamin D as monotherapy in these pa-
tients. The second limitation of our study is the uncer-
tainty in normal reference values and the conflict about 
the duration and dosage of vitamin D treatment [21]. 
Evaluating the studies in the literature, general recom-
mendation is to maintain the level of 25 (OH) vitamin D 
above 20 ng/mL, and it is generally suggested that 1,000–
4,000 IU should be used daily to reach the level of 30 ng/
mL in case of VDD [22, 23]. We treated our patients with 
oral daily dosage of 4,000 IU vitamin D, which was fre-
quently recommended in previous reports. Although 
there is no agreed duration of vitamin D treatment for the 
improvement of endothelial functions, we have deter-
mined a period of 12 weeks in order to see the results since 
usual follow-up periods ranged from 12 to 16 weeks in the 
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literature [24]. The retrospective design of the study, rel-
atively short term of follow-up, and the small number of 
patients are the other limitations of our study.

Conclusion

The role of vitamin D treatment in patients with ED still 
remains as a controvertible topic in andrology. In this study, 
we showed that adding vitamin D to the daily tadalafil treat-
ment in ED patients with VDD may lead to significant im-
provement on EF and SD scores. Thus, determination of 
serum vitamin D level can be useful for the management of 
ED patients, as vitamin D supplementation may be a low-
cost, low-risk alternative, beside the potential to increase 
the efficacy of PDE5i. This potential will be useful for clini-
cians especially in the management of ED patients with 
VDD. However, further long-term prospective random-
ized studies with larger number of patients are needed.
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