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Abstract

Introduction: Overactive bladder (OAB) is a prevalent syndrome that is
associated with multiple urinary tract symptoms and could affect the patient’s
quality of life and well-being. Vitamin D is shown to be linked to OAB
syndrome, which exacerbated by stress conditions. This study evaluated the
relationship between vitamin D status, daily calcium intake and OAB, and the
associated psychological symptoms.

Methods: The study included 55 patients with OAB and 129 healthy controls.
Psychological symptoms were assessed using the Hospital Anxiety and
Depression Scale (HADS). Serum vitamin D was measured. Patients with
OAB with low vitamin D level received orally vitamin D supplementation.
Urinary symptoms, psychological symptoms, and quality of life were evaluated
before and after vitamin D supplementation plus dairy products.

Results: Vitamin D deficiency was more prevalent in cases (80%) vs controls
(34.9%). Depression (43.7% vs 20.2%) and anxiety (52.8% vs 10.9%) scores
(HADS, >8) were also more frequent in cases vs controls, respectively. Some
85.5% of the patients’ group had musculoskeletal pain vs 0.0% for the control.
Depression was negatively correlated with daily calcium intake and positively
with anxiety. Logistic regression analysis revealed that age, vitamin D, and
anxiety scores were significant predictors of OAB. Vitamin D supplements with
increased calcium intake had significant improvement in urinary symptoms,
psychological distress, and quality of life.

Conclusions: Vitamin D supplements and improved calcium intake may
improve urinary and psychological symptoms and quality of life among patients
with OAB syndrome. Assessment for vitamin D status in patients with OAB
may be warranted.
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1 | INTRODUCTION

Overactive bladder (OAB) is a prevalent cause of lower
urinary tract symptoms (LUTS), and is defined as a
syndrome of bladder-storage function and characterized
by a cluster of symptoms including urinary urgency,
frequency, and nocturia with and without urinary
incontinence (UI).! The prevalence of OAB is increasing
with age reaching around 17% in people aged >40 years,>
and found to be equally distributed between women and
men, although women are more likely to present with
urgency urinary incontinence." There are multiple
urological and nonurological risk factors associated with
the development of OAB such as age, obesity, cognitive
disorders, metabolic syndrome, neurologic disorders, and
benign prostatic hyperplasia.® Identification of modifiable
risk factors for OAB will potentially hinder the develop-
ment and progression of OAB symptoms.

Symptoms of OAB may have a detrimental impact on
patient’s quality of life and could lead to emotional
distress, depression, anxiety, and sleep disturbances.”
Data from the epidemiology of LUTS population-based
survey demonstrated the presence of higher percentages
of psychological symptoms and health care visits among
patients with OAB.”> OAB patients with anxiety reported
more severe OAB/incontinence symptoms.°

There is an increasing evidence suggesting that vitamin
D deficiency or insufficiency is associated with LUTS. This
may be because of the effect of vitamin D on muscle
growth and function.” For example, a study reported lower
levels of vitamin D in elderly males (>50 years) with LUTS
(n = 70) compared with the controls (n = 80).% In addition,
these symptoms may be attenuated after vitamin D
supplementation.” However, the effect of vitamin D on
the psychological distress and decreased quality of life
associated with OAB has not been clarified.

Vitamin D is the single most deficient vitamin and
musculoskeletal pain (MSP), and weakness are symptoms
found to be accompanied by vitamin D deficiency."
Previously, we found that low serum vitamin D level and
low daily calcium intake were associated with psycholo-
gical symptoms among patients with MSP,"* psychiatric
outpatients,'’ and those with noncardiac chest pain.'?
Vitamin D supplementation seems to have a positive
effect on all of these comorbidities in outpatients with
MSP or psychiatric outpatients.'™"?

The goals of this study were to (1) characterize the
relationship between vitamin D status, daily calcium intake
and OAB symptoms and the associated psychological
symptoms, (2) identify the prevalence of MSP among patients
with OAB, (3) assess the predictors of OAB, (4) evaluate the
impact of vitamin D supplementation on symptoms of OAB,
psychological symptoms, and quality of life.

2 | METHODS

21 | Participants and setting

This is a case-control study conducted at the University
Teaching Hospital (UTH), the main tertiary teaching
hospital in the north of Jordan. Cases were recruited
from urology outpatient clinics at UTH for the period
from February to December 2017. Urologists confirmed
patient evaluation and diagnosis clinically and urodyna-
mically. Written informed consents were obtained from
all the participants.

The control group included subjects who were
apparently healthy, without OAB symptoms, MSP,
fatigue or sleep disturbance." Subjects excluded were
those with chronic diseases affecting vitamin D metabo-
lism including kidney and liver disease and disability
diseases, and conditions damaging nerve (such as
diabetes mellitus, stroke, and multiple sclerosis), who
are not able to complete the questionnaire, and who were
on vitamin D supplements for the last 2 months."?

All participants were informed about the objectives of
the study, agreed to participate, and answered a self-
guided questionnaire, which contained sociodemo-
graphic health status, disease conditions, localization,
and severity of MSP if present. Pain severity was
measured using a 0 to 10 Numerical Rating Scale
(NRS).**"'* The patients with OAB answered questions
about disease duration and symptoms including daytime
urinary frequency, nocturia, enuresis, and UL'* Quality
of life among patients was assessed using Urgency
Severity and Impact Questionnaire (USIQ-QOL) as
previously described.’* Scores were ranged from 0 to 3
and the average score of items was multiplied by 33.333
to generate scores on a scale of 0 to 100. The higher scores
(66.67-100) indicating that the quality of life is moder-
ately-greatly and negatively affected by the disease.'*

Calcium intake was evaluated by self-reporting.
Information regarding the participant’s frequency (daily,
weekly, monthly, and none), and the type of dairy
product intake was recorded. Intake of dairy products
was determined on daily basis as none, single, two, and
three or more dairy servings per day. A dairy serving is
defined as: 1 cup of milk or yogurt (300 mg calcium),
2 full tablespoons (2 0z) of labneh (100 mg calcium), and
a l-ounce piece of cheese (162 mg calcium), and cream
cheese (20 mg calcium).'"'?

2.2 | Psychological measures

Self-reported symptoms of anxiety and depression were
assessed using the Hospital Anxiety and Depression Scale
(HADS), which is a simple, reliable, and potentially valid
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measure commonly utilized to evaluate anxiety and
depression disorders. The study subjects were divided
into three groups according to the total HADS score as
follows: total score from 0 to 7 indicates normal, 8 to 10
borderline abnormal, and 11 to 21 abnormal or a clinical
case with anxiety and depressive symptoms.*

2.3 | Blood samples

At the baseline visit, nonfasting venous blood samples were
drawn for analyses of 25-hydroxyvitamin D (25-OHD) level
using a chemiluminescent assay. Vitamin D status was
divided into four diagnostic categories according to the
serum 1,25(0OH)2D levels as follows: vitamin D sufficiency
(=30 ng/mL), vitamin D insufficiency (20 to <30 ng/mL),
vitamin D deficiency (10 to <20 ng/mL), and severe vitamin
D deficiency (<10 ng/mL). Assays were performed at the
UTH laboratory.

2.4 | Participants follow-up

On the basis of the results of vitamin D level, the physician
prescribed one vitamin D (50 000 IU) tablet orally per
week for 4 weeks for participants with vitamin D
insufficiency and one vitamin D (50 000 IU) tablet weekly
for 8 weeks for participants with vitamin D deficiency. All
participants were informed about the importance of
adequate intake of dietary calcium and advised to
consume two to three servings of dairy products daily.
Participants were re-evaluated for overall improvement in
OAB symptoms, MSP severity, and psychological symp-
toms. Quality of life was also evaluated after treatment
using the same questionnaire mentioned earlier (USIQ-
QOL). The re-evaluation was conducted within 30 days
after the administration of the last dose of vitamin D.

2.5 | Statistical analysis

Data are presented as frequencies or mean with standard
deviation as appropriate. The )* test and the Student ¢ test
(or other nonparametric tests as appropriate) were used
to investigate the association between OAB and catego-
rical and continuous variables of interest, respectively.
Logistic regression was used to assess the effect of
vitamin D deficiency on having OAB adjusting for other
potential confounders. One-tailed Spearman’s correlation
was performed to assess the correlation between psycho-
logical symptoms and selected parameters among OAB
cases. McNemar’s test was used to compare the frequency
of urinary symptoms before and after vitamin D
supplementation. Paired the Student ¢ test was used to
compare psychological symptoms and quality of life
scores before and after vitamin D supplements. All
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statistical significance verifications were conducted at the
level of P <0.05. Data analysis was performed using the
SPSS, version 21.0.

3 | RESULTS
3.1 | Characteristics of the study
population

This study included 55 patients with OAB syndrome of
whom 21 (38.2%) were identified as newly diagnosed
patients, 34 (61.8%) who were previously diagnosed with
primary OAB and unsuccessfully treated by prescribed
drugs, and 129 healthy subjects were controls. The two
groups aged between 18 and 56 years, 42.6% of cases
(n=26) were 40 years or older vs 23.6 (n=29) in
controls, P =0.008). Females represented 56.4% (n = 31)
of the patient group and 49.1% (n =27) were married.
Fatigue and headache were reported by 76.4% (n=42)
and 37.83% (n = 17) of the patient group compared with
0.0% and 0.0%, of control, respectively, (P < 0.001). Other
participants’ characteristics are summarized in Table 1.

The majority (85.5%, n = 47) of the patient's group had
MSP, and 40.0%, n =22 of them were complaining of
chronic MSP (for the duration >3 years) and 52.7%,
n = 29 experienced the pain daily. MSP severity score on
NRS was 5.14 +1.9.

3.2 | Biochemical parameters among
study population

Patients group had significantly lower vitamin D level
compared with controls (median [interquartile range] of
(12.3 [6.3-18.4] and 27.3 [14.9-35.7], respectively
P <0.001). Severe deficiency (<10 ng/mL) was seen in
40% (n=22) of the patients compared with 16.3%
(n=21) of the controls. Only 3.6% (n=2) of patients
had a normal level of vitamin D as compared with 41.9%
(n = 54) of controls (Table 1).

The analysis also revealed that the median of daily
calcium intake was significantly lower in patients with
OAB than in the control (373.4 mg/day (3.3-1142.7) and
442 mg/day (82.3-2004), respectively; P < 0.001).

33 |

Patients with OAB group had markedly higher psycho-
logical symptoms than controls (Table 1). HADS-anxiety
and HADS-depression were reported by 52.8% and 43.7%
of the patients, respectively, while 10.9% of controls had
anxiety and 20.2% had depressive symptoms. Also,
(32.7%, n = 18) of patients with OAB were found to have
both anxiety and depression (subscale scores >8).

Psychological symptoms
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TABLE 1 Study population characteristics in the total sample
and by case-control status

Controls
(n =129)

Cases

Variables (n=55) P values*

Age (mean + SD), y 37.7+17.2 342+119 0.175

Sex
Male 24 (43.6) 54 (41.9) 0.823
Female 31 (56.4) 75 (58.1)
Marital status
Single 28 (50.9) 62 (48.1) 0.724
Married 27 (49.1) 67 (51.9)
Body mass index, kg/m?
<18.5 1(1.8) 6 (4.7) 0.06
18.5-24.9 23 (41.8) 62 (48.1)
25-29.9 16 (29.1) 46 (35.7)
>30 15 (27.3) 15 (11.6)
Serum vitamin D, ng/mL
Normal (>30) 2 (3.6) 54 (41.9)  <0.001
Insufficient (20-29.9) 9 (16.4) 30 (23.3)
Deficient (10-19.9) 22 (40) 24 (18.6)
Severe deficiency (<10) 22 (40) 21 (16.3)
T. calcium intake, mg/d*
<300 25(45.5) 38 (29.5) 0.014
300.1-576.7 20 (36.4) 40 (31)
>576.7 10 (18.2) 51 (39.5)
HADS-depression
Normal (0-7) 31(56.4) 103 (79.8)  0.004
Borderline (8-10) 14 (25.5) 17 (13.2)
Abnormal (11-21) 10 (18.2) 9(7)
HADS-anxiety
Normal (0-7) 26 (47.3)  115(89.1) <0.001
Borderline (8-10) 9 (16.4) 5(3.9)

Abnormal (11-21) 20 (36.4) 9 (7)

Data are presented as n (%) unless otherwise mentioned.

HADS-A, Hospital Anxiety and Depression Scale for anxiety; HADS-D,
Hospital Anxiety and Depression score for depression.

*P < 0.05 was considered statistically significant.

“T. calcium intake, mg/d=Total daily calcium intake, mg/d (dairy+supplement)
stratified as tertile.

3.4 | Urinary symptoms

Nocturia was the most frequent symptom among patients
with OAB (90.9%, n = 50), followed by frequent urination
(83.6%, n = 46). The majority (85.5%, n =47) of patients
had more than eight times urgent urination per day, and
72.8% (n=40) could not wait for less than 5minutes
before urinating.

Most of the 34 patients who previously diagnosed to
have OAB were on prescribed drugs. Five patients used
drugs for 3 months and the rest of the patients used drugs
for more than 3 months. Patients were receiving antic-
holinergic medications such as Solifenacin (5-10 mg, once
daily), which is the first line therapy, Tolterodine (2 mg,
twice daily) or Oxybutynin (5 mg, three times daily) to

relieve urinary symptoms. However, these drugs were not
effective to resolve OAB symptoms according to the
urologist evaluation.

3.5 | Spearman’s correlation between
selected variables

Correlation analysis was conducted to evaluate the
relationships between OAB symptoms, psychological
symptoms, vitamin D level, total daily calcium intake,
MSP severity, age, and body mass index (BMI). Anxiety
score was negatively correlated with BMI (r* = —0.249,
P=0.034) and age (r* = —0.477, P <0.001). Depression
score was negatively correlated with daily dietary calcium
intake (r* = —0.26, P = 0.028) and positively with anxiety
(r* = 0.440, P <0.001). While the number of MSP sites
correlated positively and significantly with pain severity
(r*=0.528, P<0.001) and age (+*=0.273, P=0.035).
None of these symptoms was correlated with vitamin D
levels.

3.6 |

Logistic regression showed that age, vitamin D status and
anxiety score were significant predictors of OAB syn-
drome (Table 2). Vitamin D level was the strongest
predictor followed by anxiety score. For instance, those
with severe vitamin D deficiency (<10 ng/mL) were 31.63
more likely to have OAB symptoms as compared to those
with normal vitamin D levels (>30ng/mL). Also, the
odds of having OAB symptoms in patients with 11 to 21
anxiety score was 13.85 times the odds of symptoms in
those without anxiety symptoms.

Independent predictors of OAB

3.7 | Patients follow-up

Patients with OAB involved in the follow-up study were
those who were on ineffective drug therapy (n = 13), with
baseline vitamin D insufficiency (n=2) or vitamin D
deficiency (n = 11), who sought further consultation and
assessment after receiving the results of vitamin D status.
In addition, patients completed the first questionnaire
and were required to comply with physician recommen-
dation for the number of vitamin D tablets to be taken.

Relative to baseline, most of the measured urinary
outcome parameters were significantly improved after
vitamin D supplementation and increased daily dietary
calcium intake. OAB moderate to severe symptoms of
urinary frequency, nocturia, terminal dribbling, and
incontinence were significantly less prevalent after
receiving vitamin D supplementation and increased daily
dietary calcium intake (P < 0.05; Table 3).
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TABLE 2 Multivariable logistic regression analysis for
predictors of overactive bladder

Variables 0Odds ratio CI (95%)* P values*
Age >40 7.27 2.44-21.67 <0.001
Body mass index

<18.5 Reference

18.5-24.9 1.38 0.09-19.35 0.739

25-29.9 0.939.06-14.60 0.939

>30 1.52 0.09-24.89 0.769
Serum vitamin D

Normal Reference

Insufficient 13.21 2.05-85.28 0.007

Deficient 30.10 4.83-187.42 <0.001

Severely deficient 31.63 4.86-205.82 <0.001

T. dietary Ca
intake, mg/d®
>576.7 Reference
300.1-576.7 2.32 0.70-7.72 0.167
<300 2.90 0.88-9.58 0.079
HADS-depression
Normal 0-7 Reference
Borderline 8-10 1.80 0.51-6.40 0.361
Abnormal 11-21 0.38 0.09-1.73 0.214
HADS-anxiety
Normal 0-7 Reference
Borderline 8-10 16.05 2.89-88.90 0.001
Abnormal 11-21 13.85 3.47-55.28 <0.001

Odds ratio were estimated using multivariable logistic regression. Variables
included in the model were those, which were significantly different in the
bivariable tests with P <0.2. Statistical significance was set at a two-sided
P <0.05. HADS-anxiety, Hospital Anxiety and Depression Scale subclass
score for Anxiety; HADS-depression, Hospital Anxiety and Depression Scale
subclass score for Depression, OD, odds ratio.

0OR (95% CI)=results represented as odds ratio and 95% confidence
intervals.

®Vitamin D=Serum vitamin D level, ng/mL, normal > 30, insufficient =20
to <30, deficient <20, severely deficient <10.

“Total calcium intake, mg/d=Total daily calcium intake (dairy+supplement)
stratified as tertile.

*P < 0.05 was considered statistically significant.
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Supplementation with vitamin D has also significantly
improved MSP severity and psychological symptoms in
patients with OAB. MSP severity was significantly
reduced (5.14 +1.9 vs 3.09 + 2.22; P=0.024). There was
a decrease in the mean of HADS-Anxiety (pre: 11.5 + 4.6
vs post: 5.8 + 3.8; P <0.001) and HADS-Depression (pre:
9.15+ 3.5 vs post: 6.15+ 2.6; P=0.003) scores, Table 4.
Interestingly, vitamin D intake had a positive impact on
health-related quality of life (QOL score decreased from
64.5+22.1 to 20.2 +30.1; P <0.001).

4 | DISCUSSION

The current study tested the hypothesis that vitamin D
and calcium might be involved in the pathophysiology of
OAB and associated symptoms. The most notable finding
of the current study is the presence of high prevalence of
vitamin D deficiency, and associated symptoms (MSP,
fatigue, and psychological symptoms) among Jordanian
patients with OAB compared with controls. Interestingly
and to the best of our knowledge, this is the first study to
find that vitamin D supplementation and increased dairy
products intake can be effective in improving OAB
symptoms and associated psychological symptoms and
improved the quality of life.

Vitamin D is a fat-soluble vitamin that exerts critical
roles in muscle function such as in the bladder where
its receptors are expressed.'® Previously, higher total
OAB symptom score was reported in patients with low
vitamin D.° The current study observed high preva-
lence of vitamin D deficiency (80%) among patients
with OAB as compared with controls (34.9%), which
supports the previous findings that urinary tract
symptoms are common in patients with decreased
vitamin D level, and suggests that vitamin D deficiency

TABLE 3 Effect of vitamin D supplementation plus increasing daily dairy products intake on urinary symptoms

Moderate to severe symptoms

(preVit D)
Nocturia 61.5% (8)
Enuresis 15.4% (2)
Urinary incontinence 38.5% (5)
Increased daytime frequency 76.9% (10)
Terminal dribble 46.2% (6)
Daytime urinary frequency Patients >8 episodes (preVit D)
92.3% (12)

Moderate to severe symptoms

(postVit D) P values*
0% (0) 0.005
0% (0) 0.157
7.7% (1) 0.045
30.8% (4) 0.014
7.7% (1) 0.025
Patients >8 episodes (postVit D) 0.002
23.1% (3)

Data are presented as % (n). Percentages reported are out of the total number of patients who completed the follow-up survey (n = 13).
Of the 13 patients: vitamin D insufficiency (n = 2) and vitamin D deficiency (n =11).

Data were analyzed using the McNemar test. Vit, viatmin.
*P < 0.05 is considered statistically significant.
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TABLE 4 Self-reported health, psychological symptoms,
musculoskelton pain, and quality of life score before and after
vitamin D supplementation plus increasing daily dairy products

intake
Prefollow up Postfollow up P
n=13) (n=13) values*
T. dietary Ca 275.49 612.68 [596.98- 692.0J009
intake, mg/d®  [113.46-414.46]
HADS-Anxiety 11.46 +4.56 5.77 £ 3.75 <0.001
HADS- 9.15+3.51 6.15+2.64 0.003
Depression
Fatigue 12 (92.3%) 0.0 (0%) <0.001
Pain 514+1.9 3.09+2.22 0.024
severity (NRS)
USIQ-QOL score 64.5 +22.1 20.2 +30.1 <0.001

Data are presented as mean + SD with except to fatigue (n %). HADS-Anxiety,
Hospital Anxiety and Depression Scale subscales score for anxiety; HADS-
Depression, Hospital Anxiety and Depression Scale (HADS) subscales score for
depression; NRS, Numerical Rating scale; USIQ-QOL, Urgency Severity and
Impact Questionnaire for the quality of life.

T. dietary Ca intake, mg/d =Total daily calcium intake, mg/d (dairy +
supplement). T. dietary Ca intake levels are presented as medians
(interquartile ranges) and compared using the Wilcoxon signed ranks test.
*P < 0.05 is considered statistically significant.

may be a risk factor for development of OAB. Vitamin
D status was found as an independent significant
predictor of OAB syndrome, with an increase of OAB
risk by 44 times in patients with severe vitamin D
deficiency.

Supplementation with vitamin D plus increased
daily calcium intake has significantly improved OAB
symptoms. The benefits were observed in patients who
were initially presented with moderate to severe
urinary symptoms and among those with mild symp-
toms as no exacerbation in symptoms was reported.
This suggests the wide benefits of vitamin D among
different levels of urinary symptoms. The results
further support the previous observations that low
vitamin D was associated with exacerbation of OAB
symptoms, which was relieved by vitamin D replace-
ment.” These effects might be mediated partially
through the anti-inflammatory action of vitamin D,
which was indicated by the significant reduction in
erythrocyte sedimentation rate after vitamin D supple-
ments.” While others related the role of vitamin D in
OAB symptoms to skeletal muscle efficiency especially
in detrusor muscle/urothelial function.”

In addition to the high prevalence of vitamin D
deficiency among patients with OAB, 74.6%, and 85.5% of
them experienced fatigue and MSP, respectively, and 61.7%
of them had the pain daily. The results of the current study
are in concordance with previous findings,'>'” as subjects

with fatigue and MSP had significantly lower mean of
vitamin D levels than those who were pain-free, suggesting
that the high prevalence of MSP might be attributed in part
to the elevated degree of vitamin D-deficient patients.
Vitamin D deficiency was associated with persisting pain
related to defective mineralization of bone, myopathy, MSP,
heightened central sensitivity upon mechanical stimulation
in chronic pain patients,'® and the growth of muscle
fibers.” In the current study, vitamin D supplementation
plus increased dairy products intake resulted in significant
reduction in MSP severity, which was accompanied by
significant improvements in self-reported fatigue among
psychiatric outpatients. Similar findings were also observed
previously."?

Subjects who experience chronic pain were more
likely to have a higher risk of psychological symp-
toms.!" In this study, 52.8% of patients with OAB had
anxiety and 43.7% of them had depression. Interest-
ingly, anxiety was correlated positively and signifi-
cantly (P < 0.001) with depression symptoms indicating
an interaction between vitamin D, pain, and psycho-
logical symptoms.

Our study found that patients with OAB displayed
higher levels of anxiety and depressive symptoms as
compared with controls. In addition, clinical anxiety
(scores, >11) increased the risk of OAB by about 14
folds. This finding is consistent in part with previous
observations, as anxiety scores were significantly
higher in women with dry OAB than in controls and
a bidirectional relationship between LUTS and depres-
sion and anxiety was found.”®*' Another national
study conducted in the US has found that OAB was
associated with higher depression score and lower
quality of life score.*

These psychological symptoms were significantly
reduced by vitamin D supplementation and increased
daily calcium intake scores. Earlier studies have elucidated
that vitamin D supplementation and increased daily
calcium intake can reduce psychological symptoms in
the different patient population such as patients with MSP
and psychiatric outpatients.""'* Up to our knowledge, it is
the first time to report that vitamin D replacement and
improved calcium intake in patients with OAB is
associated with improvements in psychological symptoms
and quality of life. This finding may be because of the
neuroprotective effect mediated by vitamin D.** Interac-
tion of vitamin D with its receptor in the brain changes the
expression of multiple factors that are involved in
intracellular calcium hemostasis and neurodegenera-
tion.”>** This improvement in psychological scores with
vitamin D supplements might be clinically significant, as
the previous investigation showed that the mean differ-
ence in anxiety and depression scores between patients
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with OAB and controls is minimal (HADS-A: 4.5 vs 3.3;
HADS-D: 3 vs 1.2, respectively).**

In agreement with previous findings, the current
study demonstrated that daily calcium intake is inversely
correlated with depression score, suggesting a link between
calcium intake with the risk of psychological symptoms. A
result that might be mediated through the role that
calcium plays in nervous system function.”® Apparently,
45.5% of the patients had less than a quarter of the
recommended daily calcium intake (1000-1300 mg/day) for
19 to 70 years old.?’

The current study is limited by small sample size,
which may have influenced the ability to draw
conclusions about the subgroup analyses. Increasing
the sample size of the matched controls would help in
reducing the influence factors other than that of
interest. Moreover, patients included were receiving
medications for OAB that did not show significant
clinical benefits. Other studies that investigate the
effect of vitamin D supplement with the initial drug
therapy might be warranted. The study was cross-
sectional, which prohibits the conclusion of any
cause-effect relationships. Vitamin D levels were not
measured after follow-up. However, patients were
followed regularly to assure adherence to vitamin D
intake and recommendations. Also, the follow-up
study was a pre-postdesign similar to a previously
published study'''*?* rather than randomization of
the patients to placebo and vitamin D. This is due to
logistical difficulties.

Collectively, the current study demonstrated that
supplementation with vitamin D and increased daily
calcium intake may be beneficial for urinary and
psychological symptoms associated with OAB, and may
improve the quality of life. The findings reflect the
importance of assessment of patients with OAB for
vitamin D deficiency and associated symptoms.
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