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Vitamin D Status and Vitamin D Receptor Gene
Polymorphisms Are Associated with Pelvic Floor Disorders
in Women

Jae Hyung Ahn', Yoo Hun Noh? Kyung Joo Um®, Hyo Sun Kim*, Sook Cho"

'Department of Obstetrics and Gynecology, Seoul Medical Center, Seoul, Korea, °Department of Anatomy and Cell Biology, College of
Medicine, Chung-Ang University, Seoul, Korea

Objectives: To investigate if vitamin D receptor (VDR) gene polymorphisms and circulating vitamin D levels are associated with
pelvic floor disorders (PFDs).

Methods: In this case-control study, 25-hydroxy-vitamin D (25[0OH]D) serum levels were analyzed in 47 females with PFDs and 87
healthy females (controls), respectively. The VDR gene polymorphisms were determined by using polymerase chain reaction and
performing digestions with 4 restriction enzymes i.e,, Apal, Taql, Fokl, and Bsml. Vitamin D levels of patients were divided into <20
ng/mL, 20 to 30 ng/mL, and 230 ng/mL categories.

Results: Our correlative analysis of VDR polymorphisms as a function of the presence of PFD showed that Apal and Bsml
polymorphisms were significantly associated with PFD in vitamin-D-deficiency and insufficiency groups (P < 0.05). Mean vitamin
D levels did not differ between the PFD case (13.01 + 0.84 ng/mL) and control (15.11 + 1.04 ng/mL) groups (P > 0.05). However,
there was a significant difference in the distribution of vitamin D levels between study group and controls using Pearson’s x” test
(<20 ng/mL, 20-30 ng/mL, and >30 ng/mL: 87.2%, 12.8%, and 0% in the study group and 75.9%, 16.1%, and 8.0% in controls,
respectively, P < 0.05). Taken together, our observations suggest that vitamin D levels could be associated with PFDs and that
2 polymorphisms (i.e., Apal and Bsml) in the VDR gene may contribute to an increased prevalence of PFDs in women with
insufficient levels of vitamin D.

Conclusions: Examining vitamin D levels and performing a VDR genotype analysis may be helpful for assessing PFD risk. (J
Menopausal Med 2018;24:119-126)
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Introduction

Pelvic floor disorders (PFDs) are major health problems
that can significantly compromise quality of life for af—
fected women, In especially postmenopausal women, PFDs
are important issues with heart disease, osteoporosis, and
Alzheimer's disease,l'2 Almost 24% of women are reported

to be living with at least one PFD such as urinary inconti—

nence (UI), fecal incontinence (FI) and pelvic organ prolapse
(POP).”® The female pelvic floor is composed of the levator
ani and coccygeus skeletal muscles, These muscles function
together to support the visceral contents of the abdominal
cavity through sophisticated relationships between ligamen—
tous connective tissue and skeletal muscles, Skeletal and
smooth muscles are involved in the function and support of

all pelvic viscera.® Pelvic floor muscle weakness is clinically
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observed in women that display PFD symptoms’ through
vaginal bulge or protrusion,’® involuntary leakage of urine,
flatus or feces,3 Causes of PFD are most likely multifactorial,
PFD has previously been associated with age,9 pregnancy,10

11,1314 14 .
"> race,” functional

childbirth," hysterectomy,"” obesity,
impairment, and cognitive impairment,

Vitamin D is a fat—soluble micronutrient that plays a vi—
tal role in calcium and phosphate homeostasis in smooth

and skeletal muscle, ™"

Vitamin D levels are determined by
many factors, such as skin pigmentation, geographic loca—
tion, and body mass index (BMI) *"*® Several studies sug—
gest that serum vitamin D levels may impact functional ef—
ficiency of skeletal muscle by regulating calcium homeostasis
that in turn affects muscle contractility and by protecting
the muscle cellular environment against insulin resistance

11922 Vitamin D deficiency (described as

and inflammation,
exhibiting a c] serum level <20 ng/mL) has long been clini—
cally associated with impaired muscle strength and loss of
muscle mass,” Vitamin D insufficiency (25—hydroxy—vitamin
D (25[0OH]D) serum level 20—30 ng/mL) is a milder form
of vitamin D deficiency, affecting 38% to 73% of different
populations,® and has been related with muscle strength and
mobility, *

Vitamin D can mediate its effects on muscle through the
formation of a complex with a vitamin D receptor (VDR),'**
The VDR gene contains 4 polymorphic regions, each named
after the restriction enzymes used to detect them: Apal
(rs7975232), Taql (rs731236), Fokl (rs2228570) and Bsml
(rs1544410) ** Although many studies have demonstrated
that VDR gene polymorphisms are associated with muscle
strength”™™ and bone mineral density (BMD),” little re—
search has examined the association of PFD with vitamin
D status in Korean women, We conducted a case—control
study to evaluate the impact of vitamin D status on PFD
symptoms in Korean women, and performed an association

analysis between the Apal, Taql, Fokl, and BsmI VDR poly—

morphisms and PFD in the same population,

Materials and Methods

1. Study population

The data set comprised 180 women who utilized health
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examination center and the Obstetrics and Gynecology
Clinic at Seoul Medical Center between June and November
2014, All participants provided written informed consent
prior to study commencement, This study was approved by
the Institutional Review Board of Seoul Medical Center (ap—
proval no, 2014—017), Women were excluded if they had any
medical conditions that impair vitamin D absorption or me—
tabolism or are known to be a major cause of PFD, includ—
ing: stage >3 chronic kidney disease, chronic liver disease,
neurologic disease (cerebral vascular accident, or spinal cord
injury), complications of diabetes mellitus with end stage
disease (retinopathy, neuropathy, ophthalmic complications,
or amputations), gastric bypass, rectovaginal fistula, pelvic
floor surgery or pelvic irradiation, Pregnant women were
excluded, Patients known to be on vitamin D supplementa—
tion were excluded in order to ensure a more homogeneous
cohort, Ultimately, 134 women were included in this study
(Fig. 1). All eligible participants had a blood sample taken
and had sufficient serum available for vitamin D assays,
Serum vitamin D panels were processed using liquid chro—
matography.” The 25(0H)D panel included both total 25(0H)
D as well as 25(OH)D, and D, fractions,

2. Variable definitions

First, a number of standard characteristics were collected
for all 134 patients, Using a standard data form, the Elec—
tronic Medical Record was abstracted to obtain demographic,
medical, and laboratory data, Demographic (i.e,, age,
height, weight, parity, and status of menopause) and medi—
cal characteristics were obtained from the initial history and
physical examination documentation, BMI was calculated
and reported as kilograms/square meter, Parity (total num—
ber of vaginal and cesarean deliveries) was used as a con—
tinuous variable in some analyses and categorized as none, 1,
2, 3, or 4 or more births in others,

To identify women with PFD symptoms and divide the
data set into cases and controls, all participants filled in
standardized questionnaires including a Urinary Distress
Inventory (UDI-6), Colorectal Anal Distress Inventory
(CRADI-8), POP Distress Inventory (POPDI-6), and Incon—
tinence Impact Questionnaire (IIQ—7). Definitions for UI, FI,
and POP were identical to those used by the PFDs Network

in their article describing the prevalence of these disorders
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Women evaluated
at our Gynecology clinic
with serum total vitamin D level
(n=180)

Excluded (n = 46)

- Stage Il chronic kidney disease (n = 1)

- Chronic liver disease (n = 2)

- Neurologic disease (n = 2)

- Diabetes mellitus with end stage disease (n = 7)

Included
(n=134)

- Gastric bypass (n = 0)

- Rectovaginal fistula (n = 0)

- Pelvic floor surgery and pelvic irradiation (n = 13)
- Pregnancy (n = 0)

- Vitamin D supplementation (n = 46)

Women with PFD
case group (n = 47)

Women without PFD
control group (n = 87)

n=0 n=6 n=41 n=7 n=14 n =66
Vitamin D || Vitamin D || Vitamin D Vitamin D || Vitamin D || Vitamin D
sufficient || insufficient deficient sufficient insufficient deficient

Fig. 1. Flow diagram of the literature search. PFD: pelvic floor disorder.

in women surveyed in the 2005 to 2006 the National Health
and Nutrition Examination Survey (NHANES),” Specifically,
classification of Ul was based on the responses to frequency
and the amount of leakage (2 NHANES questions) sum—
marized as the “incontinence severity index’, Women with a
score of 3 or higher were considered to be incontinent.”’ FI
was defined as at least monthly leakage of solid, liquid, or
mucous stool, also based on responses to a combination of
type and frequency of symptom question,® POP was con—
sidered positive if individuals answered yes to the question,
“Do you experience bulging or something falling out you can
see or feel in the vaginal area?”, which was derived from the
Pelvic Floor Distress Inventory,3 Based on these question—
naires, the 134 women in the data set were divided into a
case group that had PFD (n = 47) and a control group (n =
87) that did not have PFD, The case and control group were
further trichotomized based on vitamin D status as deficient,
insufficient and sufficient, For the purposes of this evalu—
ation, vitamin D deficiency was defined as a total serum
vitamin D level <20 ng/mL."” Women with total serum vi—
tamin D levels >30 ng/mL were classified as being vitamin
D sufficient; women with serum levels 20 to 30 ng/mL were

grouped as vitamin D insufficient,

3. Genotyping

Genomic DNA was extracted from ethylenediamine—tet—

raceticacid (EDTA) whole blood using a salting—out proce—
dure, Genotyping of the following VDR gene polymorphisms
was performed using a QIAamp DNA Blood Mini Kit (Qiagen,
Inc,, Valencia, CA, USA): Apal (rs7975232), Taql (rs731236),
FokI (rs2228570) and Bsml (rs1544410), These polymor—
phisms were named after the restriction enzyme that have
traditionally been used for their detection,” The VDR gene
polymorphisms were analyzed using polymerase chain reac—

tion—restriction fragment length polymorphism analysis,

4, Statistical analysis

Data were analyzed with significance determined at P <
0.05 using SPSS version 24,0 (SPSS Inc., Chicago, IL, USA)
and values in the text are expressed as means * standard
error of mean, Student's t—tests or one—way analysis of
variance (ANOVA) were used for comparisons between PFD
and non—PFD group (age, BMI, parity, menopause status
and serum total vitamin D levels), Pearson’s x” test was also

used for VDR genotype distribution analysis in PFD,

Results

One hundred and eighty women who had a serum vita—
min D level drawn between June and November, 2014, at—

tended health examination center and the Obstetrics and
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Gynecology Clinic at Seoul Medical Center were considered
in this analysis, Forty—six women were excluded due to the
presence of stage III chronic kidney disease, chronic liver
disease, neurologic disease, diabetes mellitus with end stage
disease, pelvic floor surgery, pelvic irradiation or vitamin
D therapy (Fig. 1). Of the remaining 134 women, 47 cases
had PFD symptoms, and 87 controls had no PFD symptoms,
Each group was further sub—categorized according to vita—
min D levels (deficient <20 ng/mL, insufficient 20—30 ng/
mL, and sufficient >30 ng/mL; Fig, 1),

1. Demographic characteristics

Table 1 documents the demographic characteristics com—
paring the cases and controls, There were no significant
differences in age, BMI, parity, menopause status and mean

serum total vitamin D levels between these 2 groups (Table 1),

2. Vitamin D status and PFD symptoms

Our study aimed to identify whether vitamin D status was
associated with PFD symptoms, The mean serum vitamin D
level in the cases (13,01 + 0.84) was not significantly dif—
ferent to that of the control group (15,11 + 1,04) (Table 1),
However, there were significant differences between the case
and control groups within vitamin D insufficient/deficient
women (P < 0,05; Table 2). In the case group, 87.2% (41/47)
of the women were vitamin D deficient, 12.8% (6/47) were
vitamin D insufficient, and 0,0% (0/47) were vitamin D suf—
ficient, In the control group, 75.9% (66/87) were vitamin D
deficient, 16,1% (14/87) were vitamin D insufficient, and 8,0%
(7/87) were vitamin D sufficient (Table 2).

Table 1. Demographic characteristics of the subjects

Controls Case

Variable (n = 87) (n = 47) P value
Mean age (years) 61.00+£112 6093 +142 0.890
Mean BMI (kg/m’) 2344 £ 041 224+£014 0439
Parity 229+010 2396+049 0755
Menopause 74/87 (85.1)  33/47(70.2)  0.069
Serum total 25(0OH)D 1511 +1.04 1301 +0.84 0.180

(ng/mL)

The data is presented as mean + standard deviation or n (%)
BML: body mass index, 25(OH)D: 25-hydroxyvitamin D
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3. VDR genotypes and PFD symptoms

In the x” analysis between VDR polymorphisms and PFD,
there were no significant differences in PFD diagnosis pro—
portions between the cases and controls for the Taql and
FokI polymorphisms, However, the Apal and Bsml poly—
morphisms were significantly associated with PFD in the
vitamin D deficient and insufficient groups (Table 3). The
cases showed an increased frequency of Aa genotype in the
Apal polymorphism compared to the frequency of the Aa
genotype in this polymorphism in the controls (P < 0,05),

Table 2. Distribution of vitamin D levels in women with/without
pelvic floor disorder symptoms

Serum total 25(OH)D level (ng/mL)

P value
>30 20-30 <20
Controls 7 (8.0) 14 (16.1) 66 (75.9) 0.048
Cases 0(0.0) 6 (12.8) 41 (87.2)

The data is presented as n (%)
25(OH)D: 25-hydroxy-vitamin D

Table 3. Vitamin D receptor genotype frequencies in women
with/without pelvic floor disorder symptoms within vitamin D
insufficient/deficient group

Controls Case P value
Apal 0.038
AA 9(113) 1(21)
Aa 24 (30.0) 23 (48.9)
aa 47 (58.8) 23 (48.9)
Taql 0.365
T 71 (88.8) 44 (93.6)
Tt 9(11.3) 3(64)
tt 0(0.0) 0(0.0)
Fokl 0.520
FF 25 (31.3) 18 (38.3)
Ff 37 (46.3) 22 (46.8)
ff 18 (22.5) 7 (14.9)
Bsml 0.031
BB 0(0.0) 0(0.0)
Bb 11 (13.8) 1.1
bb 69 (86.3) 46 (97.9)
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The frequencies of AA and aa genotypes in Apal were not
increased in the cases compared to the controls in the vita—
min D deficient and insufficient groups (P > 0,05). In addi—
tion, the frequency of bb genotype in Bsm1 was significantly
higher in the cases, while the frequency of Bb genotype in
Bsml was significantly higher in the controls (P < 0.05),
Using x°, Apal and Bsml VDR polymorphisms are linked, as
significant differences in the genotypic frequencies between
the cases and controls were observed for Aa X bb genotype

(22.5% vs. 46.8%, respectively, P < 0,05; Table 4),

Discussion

This study demonstrated that serum vitamin D status
correlates inversely with the prevalence of PFD in women,
All women with PFD symptoms in this study were vitamin
D insufficient or deficient, defined as exhibiting a 25(0OH)D
serum level <30 ng/mL or <20 ng/mL, The vitamin D defi—
cient group had a higher PFD incidence rate than the insuf—
ficient group, Furthermore, we demonstrated that there was
a significant difference in the distribution of VDR genotypes
between the cases and controls in vitamin D sufficient/de—
ficient women, To analyze the association between the VDR
genotypes and prevalence of PFD, we used the restriction
enzymes Apal, Taql, Fokl and BsmlI to genotype 4 polymor—
phisms in the individuals, each polymorphism named after
the restriction enzyme used to genotype it: Apal (rs7975232),
Taql (rs731236), Fokl (rs2228570), and Bsml (rs1544410),
The Aa (Apal) and bb (Bsml) genotype frequencies were
higher in the cases than in the controls, To our knowledge,
this is the first study to demonstrate an association between
VDR gene polymorphisms and PFD,

Our findings are supported by previous clinical studies

Table 4. Linked vitamin D receptor genotype frequencies in
women with/without pelvic floor disorder symptoms within
vitamin D insufficient/deficient group

AA x Bb Aa x Bb aa x Bb AA x bb Aa x bb aa x bb

Controls 3(38) 6(7.5 225 6(7.5 18(22.5) 45 (56.3)
Cases 000 11 000 1(21) 22(46.8)23(489)
P value 0.032

suggesting that vitamin D deficiency is more prevalent in
women with PFD than in the general population, Parker—
Autry and colleagues’ performed a retrospective study (n =
394) and found that women with PFD had significantly lower
levels of vitamin D (29,3 + 11.5 ng/mL) compared to women
without PFD (85,0 + 14.1 ng/mL) (P < 0,001), In addition,
this study demonstrated that higher CRADI—8 scores and
IIQ—7 scores were associated with vitamin D insufficiency.”
Badalian and Rosenbaum® performed a cross—sectional
analysis using 2005 to 2006 the NHNES data (n = 1,881)
and observed that mean vitamin D levels were significantly
lower for women with PFD, In addition, they showed sig—
nificantly decreased risks of PFD with increasing vitamin D
levels in all women aged 20 or older (odds ratio [OR] = 0,94;
95% confidence interval [CI], 0.88—0.99) and in subset of
women 50 years and older (OR = 0,92; 95% CI, 0.85—0.99).”

Vitamin D increases skeletal muscle cell proliferation and

- . . . 30,31
muscle fiber size in vitro,™"

Vitamin D may be instrumental
for skeletal muscle functional efficiency by regulating cal—
cium homeostasis to affect muscle contractility and by pro—
tecting the muscle cellular environment against inflamma—
tion,® Thus, insufficient vitamin D levels may affect various
pathophysiologic pathways and contribute to PFDs by dis—
rupting VDR expression and calcium homeostasis in pelvic
floor skeletal and visceral Inusculature_6 These mechanisms
may explain our observation of increased vitamin D defi—
ciency in women with PFD symptoms compared to controls,
Previous studies show that VDR gene polymorphisms are
associated with muscle strength, BMD, and various dis—

27~29,32,33
eases,

As far as we know, no previous studies have
investigated the effect of the VDR gene polymorphisms on
PFD, In this study, we demonstrated that VDR gene poly—
morphisms were not associated with serum 25(0OH)D levels,
Although no overall association was found between Taql or
FokI and the prevalence of PFD, we observed a significant
association between Apal or Bsml genotypes and PFD in
vitamin D insufficient/deficient women, Regarding the Apal
polymorphism, the frequency of heterozygotes (Aa) was sig—
nificantly higher in the cases than in the controls, and the
frequency of homozygotes (AA and aa) was lower in cases
than in controls in vitamin D insufficient/deficient women,
Although Apal—composition of common population®*® are

more heterozygotes than homozygotes, we showed that
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frequency of aa genotype in non—PFD group was high—
est, Therefore, it is plausible that the prevalence of PFD in
heterozygote women may be higher than in homozygote
women,

Bsml is also associated with skeletal muscle function,
The b (rather than B) allele is associated with lower fat—
free mass and hamstring strength in healthy women aged
20 to 39 years, whereas, in non—obese elderly women, both
handgrip and quadriceps strength are higher in those with
the bb genotype.”® Barr et al.® reported that the bb ho—
mozygote of Bsml is associated with higher serum 25(0OH)
D, lower parathyroid hormone and stronger measures of
muscle force, Our report showed that the frequency of bb
homozygotes in the cases was significantly higher than in
the controls, and the heterozygote frequency was lower in
cases than in the controls in vitamin D insufficient/defi—
cient women, Furthermore, the frequency of a combina—
tion of Apal and Bsml genotypes (Aa/bb) was significantly
higher in the PFD group in vitamin D insufficient/deficient
women and was double the number of individuals with the
same genotype in the non—PFD group, Both the Apal and
Bsml polymorphisms are located at the 8 end of the VDR
gene.* Tt is reported that the Apal, Bsml, and Tagl poly—
morphisms are in strong linkage disequilibrium, Morrison et
al.¥” reported that the Bsml and Apal restriction sites are in
close proximity in Caucasian populations, In young Chinese
women research, Wang et al.*® showed that VDR gene Apal
and Bsml polymorphisms rather than Taql were associated
with muscular strength, Therefore, we suggest that vitamin
D insufficient/deficient women with an Aa/bb genotype may
have a higher risk of developing PFD,

Several limitations of this study should be addressed,
First, sample sizes are limited; thus only large genotype ef—
fects could be detected and there was not enough statistical
power to detect genotype interaction effects, The size of the
vitamin D sufficient group was too small to compare with
vitamin D insufficient/deficient women, Second, the race of
the subjects was limited to Koreans, VDR genotypes vary
among racial groups; therefore, a variety of studies in dif—

ferent races will be needed to obtain a fuller understanding,
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Conclusion

In conclusion, vitamin D insufficiency may influence the
prevalence of PFD in ways that are as yet unclear, possibly
involving pelvic floor skeletal muscle weakness, Further—
more, the prevalence of PFD may be affected by variations
in the VDR genotype, Our study provides meaningful results
to understand the relationship between VDR gene polymor—
phisms and PFD, Particularly, the Apal and Bsml genotypes
of the VDR gene may be related to an increased prevalence
of PFD in women, As vitamin D insufficiency of women is
very common among Koreans (>90%),38'39 we suggest that
vitamin D status and VDR genotype analysis would be help—

ful for assessing the risk of PFDs in these women,
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