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Abstract
Introduction and hypothesis The main objective of this study was to compare the effectiveness of pelvic floor muscle train-
ing, and vitamin D replacement in the treatment of urinary incontinence in the postpartum period of pregnant women with 
vitamin D deficiency.
Methods The study was planned as an ancillary study of a study on the determination of the relationship between vitamin D 
deficiency and urinary incontinence in third-trimester pregnant women. Total 61 women who defined urinary incontinence at 
postpartum 8th week were included in the study. The participants were divided into two groups: the vitamin D replacement 
group and the pelvic floor muscle training (PFMT) group. Participants in both groups received appropriate treatment for 12 
weeks. İnitial evaluations of which Pelvic Organ Prolapse-Quantification stage, International Consultation on Incontinence 
Modular Questionnaire on Female Lower Urinary Tract Symptoms (ICIQ-FLUTS) query, and pelvic floor muscle strength 
were repeated after 12 weeks of treatment for each patient.
Results In the vitamin D replacement group, there was a significant increase in Oxford scores measured after treatment 
compared with pre-treatment and a significant decrease in ICIQ-FLUTS scores. In the comparison of the groups, it was 
determined that the changes in the Oxford and ICIQ-FLUTS scores of the vitamin D group after treatment were significantly 
higher than those of the PFMT group. In this pilot study, it was determined that the effectiveness of vitamin D replacement 
in the treatment of pelvic floor dysfunction in pregnant women with hypovitaminosis D was significantly higher than PFMT.
Conclusion Vitamin D replacement may be useful in the treatment of urinary incontinence in pregnant women with hypo-
vitaminosis D.
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Abbreviations
BMI  Body Mass Index
ICIQ-FLUTS  The International Consultation on Incon-

tinence Modular Questionnaire on Female 
Lower Urinary Tract Symptoms

PFMT  Pelvic Floor Muscle Training
POP-Q  Pelvic Organ Prolapse-Quantification

Introduction

Urinary incontinence is a common health problem affecting 
5–70% of the female population [1]. It has been reported that 
urinary incontinence complaints occur in 35–58% of women 
during pregnancy, especially during the third trimester. The 
most common types of incontinence during pregnancy are 
stress urinary incontinence (31–60%) and urge urinary 
incontinence (2–35%) [2–4].
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Pregnancy and childbirth are among the most important 
risk factors for the development of urinary incontinence 
in women. Increased intra-abdominal pressure, hormonal 
changes, and changes in connective tissue during preg-
nancy may adversely affect pelvic floor muscle strength and 
sphincter functions [5–7].

Vitamin D receptors are found in various organs and tis-
sues of the body. In addition to its essential role in the regu-
lation of calcium metabolism, vitamin D also significantly 
affects pelvic floor muscle strength and functions and detru-
sor activity through its receptors in the pelvic floor muscles 
and bladder [8–12]. Various studies have reported that vita-
min D deficiency also poses a risk for pelvic floor dysfunc-
tion, such as urinary incontinence and lower urinary tract 
symptoms. However, there is no complete consensus on this 
issue in the literature [12–16].

Although studies investigating the relationship between 
vitamin D status and pelvic floor dysfunction generally 
examine the perimenopausal female population, preliminary 
studies evaluating the relationship between urinary incon-
tinence and vitamin D deficiency in pregnant women have 
been published recently [17–19]. Pelvic floor weakness due 
to decreased muscle strength, increased osmotic diuresis 
secondary to impaired calcium metabolism and increased 
detrusor irritability are the theories proposed in the literature 
to explain the relationship between vitamin D deficiency and 
UI. In a recently published meta-analysis, it was reported 
that vitamin D supplementation has positive effects in the 
treatment of lower urinary tract symptoms in the female 
population [20]. The aim of this study is to compare the 
effectiveness of pelvic floor muscle training, which is the 
standard initial treatment, and vitamin D replacement, which 
is not included in the standard treatment protocol, in the 
treatment of urinary incontinence in the postpartum period 
of pregnant women with vitamin D deficiency.

Materials and methods

Our study was planned as a continuation of the cross-sec-
tional thesis study on the determination of the relationship 
between vitamin D deficiency and urinary incontinence in 
third-trimester pregnant women [21]. Serum 25(OH)D3 con-
centrations were measured by ELISA (Global Diagnostics 
& Medical Solutions KAP1971/GDMS, 13E27/2, Mortsel, 
Belgium ) in the third trimester of pregnancy. Serum 25(OH)
D3 concentrations below 20 ng /ml were classified as a defi-
ciency (intra-assay coefficient variability: 5.7%, interassay 
coefficient variability: 4.7%). In the study in question, 210 
pregnant women who were found to have vitamin D defi-
ciency and were older than 18 years of age, had no cognitive 
problems, had no gestational or pregestational diabetes or 
connective tissue diseases, had no previous history of pelvic 

floor dysfunction, and had a single pregnancy at 28 weeks of 
gestation and above, constituted the universe of our study. 
Our study was approved by the Katip Çelebi University Fac-
ulty of Medicine Local Ethics Committee (IRB 2021-43).

Eighty-nine of the cases (42.4%) who defined urinary 
incontinence were included in the present study. The patients 
included in the study were invited to the clinic at the end of 
the postpartum 8th week and their baseline evaluations were 
made. Eleven people who did not attend the first evaluation 
visit, 14 people who stated that they did not have urinary 
incontinence at the moment, and 3 people who had pel-
vic organ prolapse >stage 2 were excluded from the study 
(Fig. 1). Informed consent was obtained from the partici-
pants before the initial evaluation. In the baseline evalua-
tion, all cases were evaluated by the same investigator (SA), 
and pelvic floor muscle strength measurement and POP-Q 
evaluation were performed. Three patients with stage 3 or 
higher pelvic organ prolapse were excluded from the study. 
Pelvic floor muscle strength was evaluated on a scale of 1–5 
according to the Oxford scale. The Turkish version of the 
International Consultation on Incontinence Modular Ques-
tionnaire on Female Lower Urinary Tract Symptoms (ICIQ-
FLUTS) questionnaire, to which Turkish validity and reli-
ability was provided by Uğurlucan et al. [22] were applied to 
all participants. In this Questionnaire, the participants were 
asked a total of 12 questions about the frequency or sever-
ity of urinary incontinence and they were asked to score 
these questions between 0 and 4. The maximum score that 
the participants can get from this questionnaire form is 48. 
As the severity of incontinence increases, the ICIQ-FLUTS 
score increases.

After this evaluation, the participants were divided into 
two groups according to the simple randomization method: 
the vitamin D replacement group and the Pelvic Floor Mus-
cle Training (PFMT) group. A standard dose of 1200 IU 
daily vitamin D replacement was given to 31 subjects in 
the vitamin D replacement group for 12 weeks. Turkish 
Ministry of Health recommended 1200 units/day vitamin 
D replacement for pregnant women; thus, in our study we 
administered 1,200 units of vitamin D. On the other hand, 
30 patients in the PFMT group underwent PFMT for 12 
weeks, in a 20- to 30-min session per week, accompanied 
by a physiotherapist. PFMT sessions were planned to create 
contraction–relaxation sets of 5 min standing and 10 min 
lying down and not creating contractions in the abdomi-
nal wall muscles. Participants were asked to repeat these 
exercise sessions taught by the physiotherapist for at least 
20 min each day. The compliance of the participants in the 
exercise program was checked by a physiotherapist at least 
once during the study using the telemedicine method. One 
patient from the vitamin D group and 2 patients from the 
PFMT group were excluded from the study owing to treat-
ment incompatibility. All evaluations were repeated after 6 
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Women  who had singleton pregnancy  older than 28 
weeks who were found to have vitamin D deficiency,

n=210

Women who had urinary incon�nence 
among the par�cipants enrolled the study

n= 89

Excluded:
*11 pa�ent,  who did  not a end the first evalua�on 
at the 8th week postpartum
* 14 par�cipants whom urinary incon�nence 
complaint recovered a�er childbirth
* 3 par�cipants who had more than stage 2 Prolapse

61 women randomised

Vitamin D replacement 
group

n= 31

Pelvic floor muscle 
taining group

n= 30
Excluded:

Non-compliance with 
the treatment 

program
n= 2

Excluded:
Non-compliance 

with the treatment 
program

n=2

Analysed:
n= 29

Analysed
n= 28

Excluded:
* Women who had no 
incon�nence complaint 
while pregnancy
* Missing data

n=121

Fig. 1  Study population
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weeks of treatment. The data of 57 patients who completed 
the treatment process were evaluated.

The data were evaluated in the statistical package pro-
gram IBM SPSS Statistics Standard Concurrent User V 26 
(IBM, Armonk, NY, USA). Descriptive statistics were given 
as number of units (n), percentage (%), median, minimum, 
maximum, and interquartile range. The normal distribu-
tion of the data of numerical variables was evaluated with 
the Shapiro–Wilk test of normality. The Mann–Whitney U 
test was used for the comparison of Oxford and ICQ scores 
between groups, and the Wilcoxon test was used for within-
group comparisons. Chi-squared test and Fisher's exact 
test were used for the comparison of POP-Q distributions 
according to the treatment applied, and McNemar–Bowker 
test was used for in-group comparisons. A p value of <0.05 
was considered statistically significant.

Results

Vitamin D replacement (n=29) and PFMT (n=28) groups 
were found to be similar in terms of demographic data, 
mode of delivery, and birth weight (Table 1). Intragroup and 

intergroup comparisons were made for pelvic floor muscle 
strength and ICIQ-FLUTS scores before and after treatment 
in both groups. In intragroup evaluations, the increase in pel-
vic floor muscle strength values after treatment in the PFMT 
group was not statistically significant. Similarly, the decrease 
in the ICIQ-FLUTS score after treatment in the PFMT group 
was not significant. There was a statistically significant dif-
ference between the groups' pre-treatment Oxford scores 
(Table 2). Although it seems to be a negative situation in 
terms of comparison of treatment results, we thought that 
the lower average Oxford score of the vitamin D replacement 
group than the PFMD group will not have a negative effect 
on the evaluation of the success of vitamin D replacement 
treatment. In the vitamin D replacement group, there was a 
significant increase in Oxford scores measured after treat-
ment compared with pre-treatment and a significant decrease 
in ICIQ-FLUTS scores (Table 2).

In the comparison between the groups, it was determined 
that the changes in the Oxford and ICIQ-FLUTS scores of 
the vitamin D group after treatment were significantly higher 
than those of the PFMT group (Table 2).

When the study groups were evaluated in terms of POP-Q 
stages, stage 1 POP was found in 10.3% of the cases in the 
vitamin D group and stage 2 POP in 6.9%. In the PFMT 
group, 7.1% of the cases had stage 1 POP. Stage 2 POP was 
not detected in this group. There was no significant differ-
ence between intra-group and intergroup comparisons before 
and after treatment in terms of pelvic organ prolapse degrees 
of the cases (Table 3).

Discussion

In the present study it was determined that those women 
who had vitamin D deficiency and urinary incontinence 
during the postpartum period had a significant improvement 
in pelvic floor muscle strength and incontinence-related 
quality of life scores with vitamin D replacement compared 
with PFMT.

Table 1  Demographic characteristics of participants

Vitamin D replace-
ment group (n=29)

Pelvic floor mus-
cle training group
(n=28)

p

Age (years) 27.8 (±5,9) 27.4 (±4,6) 0.6
Vitamin D level 7,6 (±3,1) 10.1(±3,6) 0.04
BMI (kg/m2) 29.4 (±5.2) 27.8 (±3.9) 0.07
Mean gravity 2.6±1.4 2.7±1.3 0.02
Mean parity 1.28±1.2 0.8±0.8 0.03
Mode of delivery

  C-section 18 (62.1) 17 (60.7) 0.99
  Vaginal delivery 11 (37.9) 11 (39.2)

Birth weight 3,320.0 (500.0) 3,295.0 (317.5) 0.32

Table 2  Comparison of pre-treatment and post-treatment scores

Vitamin D replacement group (n=29), 
mean (minimum to maximum)

Pelvic floor muscle training group (n=28), 
mean (minimum to maximum)

p

Pretreatment Oxford scores 2 (1.0–4.0) 3 (1.0–4.0) 0.008
Post-treatment Oxford scores 3 (2.0–4.0) 3.5 (0.0–4.0) 0.208
Oxford score change of groups −1 (2.0–0.0) −0.5 (−1.0–2.0) 0.046
p 0.001 0.08
Pretreatment ICIQ-FLUTS score 3.0 (1.0–25.0) 5.0 (0.0–48.0) 0.128
Post-treatment ICIQ-FLUTS score 1.0 (0.0–23.0) 4.5 (1.0–41.0) 0.033
ICIQ-FLUTS score change 1.0 (−2.0–3.0) 0.5 (−1.0–7.0) 0.122
 p 0.03 0.39
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There is a consensus in the literature on the negative 
effects of pregnancy and childbirth on pelvic floor mus-
cle strength and lower urinary tract symptoms. It has been 
reported that the prevalence of UI increases, especially in 
the third trimester and this affects the quality of life signifi-
cantly, whereas the prevalence decreases significantly (42% 
vs 6.8%) during the postpartum period [19]. It has been 
reported that in women with persistent urinary incontinence 
in the postpartum period, symptoms are particularly evident 
in the first 4–6 weeks, and then the frequency and severity 
of symptoms decrease over time [23, 24]. In the presented 
study, women who still had urinary incontinence at the 8th 
week postpartum were included in the study, thus minimiz-
ing the spontaneous regression effect of UI complaints.

It has been stated in the literature that PFMT is effective 
in increasing pelvic floor muscle strength [25, 26]. Many 
researchers have reported that PFMT during pregnancy has a 
preventive effect on the development of postpartum UI, and 
it is recommended in the guidelines that all pregnant women 
do PFMT [27, 28]. On the other hand, there is insufficient 
evidence for the effectiveness of PFMT in the treatment of 
UI, even under the control of a physiotherapist [29, 30]. In 
our study, it was determined that the increase in pelvic floor 
muscle strength and UI-related quality of life scores with 
PFMT applied from the postpartum 8th week was not sta-
tistically significant.

There is no consensus in the literature on the relationship 
between vitamin D status and urinary incontinence [31]. In 
preliminary studies examining the effectiveness of vitamin D 
replacement in the treatment of urinary incontinence, it has 
been reported that vitamin D supplementation was gener-
ally administered without knowing the vitamin D status of 
the participants [32]. It has been reported in some studies 
that vitamin D replacement has a protective effect regarding 
pelvic floor diseases and that the onset of overactive bladder 
symptoms is delayed in middle-aged and older women who 
take high-dose oral vitamin D [12, 33]. In a recent study, 
it was reported that vitamin D deficiency in mid-trimester 
pregnant women led to an increase in the frequency of stress 
incontinence [17]. To the best of our knowledge, the present 
study is the first to investigate the effectiveness of vitamin D 
replacement in pregnant women on pelvic floor dysfunction. 

The strengths of our study are that it was designed prospec-
tively, that it was conducted on women with confirmed hypo-
vitaminosis D and ongoing urinary incontinence. Despite the 
randomization, the vitamin D group had significantly lower 
pre-treatment Oxford scores, which may have allowed for 
a greater improvement after treatment. This situation, the 
cross-sectional nature, and the limited number of cases are 
the potential weaknesses of our study

Conclusions

In this pilot study, it was determined that the effectiveness 
of vitamin D replacement in the treatment of urinary incon-
tinence in pregnant women with hypovitaminosis D was 
significantly greater than PFMT. During pregnancy, sup-
plementation with vitamin D in addition to PFMT may be 
beneficial in preventing pelvic floor dysfunction. However, 
more studies are needed to evaluate the therapeutic efficacy 
of vitamin D replacement in the treatment of pelvic floor 
dysfunction in pregnant and puerperal women.
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