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Abstract
Introduction and hypothesis Our aim was to characterize the
relationship between 25-hydroxyvitamin D [25(OH)D] sta-
tus with pelvic floor symptom distress and impact on quality
of life.
Methods A retrospective chart review was performed in
women with a 25(OH)D level drawn within 1 year of
their gynecology/urogynecology visit. Validated question-
naires including the Colorectal–Anal Distress Inventory
(CRADI)-8 and Incontinence Impact Questionnaire
(IIQ-7) were used. Multivariate analyses characterized
pelvic floor disorder (PFD) symptom differences among
women by vitamin D status.
Results We studied 394 women. Mean ± standard deviation
(SD) 25(OH)D levels were higher in women without than
with PFD symptoms (35.0±14.1 and 29.3±11.5 ng/ml, re-
spectively (p<0.001)]. The prevalence of vitamin D insuf-
ficiency was 51% (136/268). CRADI-8 and IIQ-7 scores
were higher among women with vitamin D insufficiency
(p00.03 and p00.001, respectively). Higher IIQ-7 scores

were independently associated with vitamin D insufficiency
(p<0.001).
Conclusions Insufficient vitamin D is associated with in-
creased colorectal symptom distress and greater impact of
urinary incontinence on quality of life.
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Introduction

Vitamin D is a fat-soluble vitamin, the active metabolite of
which [1,25(OH)2D3] plays a vital role in calcium homeo-
stasis and thus is important in overall health. Vitamin D
insufficiency is very common among the population of the
United States. Seventy-percent of US youth (ages 1–
21 years) have vitamin D deficiency or insufficiency. Addi-
tionally, 73% of US adults and up to 78% of older US adults
(age 65 years or older) have insufficient vitamin D levels [1,
2]. This epidemic also affects up to 80% of reproductive-age
women [3]. Factors that affect vitamin D status include
ethnicity (especially among individuals with darker skin
and African Americans) [4, 5], intake of vitamin D supple-
mentation, obesity, seasonality (lower levels are found after
winter months) [6], and regional location (lower levels
found in areas of higher latitudes and less hours of
sunlight) [4]. Insufficient vitamin D status has received
increased attention and has been shown to be associated
with various extraskeletal medical conditions, including
cardiovascular disease [7], diabetes [7], asthma [8], and
pre-eclampsia [9]. However, the most notable effect of
insufficient vitamin D is on musculoskeletal health. Ob-
servational and randomized studies confirm that lower
levels of serum 25-hydroxyvitamin D [25(OH)D] are
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associated with decreased postural stability [10] and increased
risk of falls [11]. In addition, human and animal in vitro
studies consistently demonstrate a relationship between vita-
min D and muscle growth and function [4, 5, 12], though the
exact mechanism is yet to be clearly elucidated. Level I studies
exploring the role of vitamin D in skeletal muscle strength and
functional efficiency are inconclusive [12–14]. Despite dis-
crepant conclusions, there is significant plausibility behind the
hypothesis that vitamin D has an important role in skeletal
muscle function and efficiency.

The pelvic floor is composed of the levator ani and
coccygeus skeletal muscles. Pelvic floor muscle weakness
is clinically observed in women with pelvic floor disorder
(PFD) symptoms and thus may be impacted by insufficient
serum vitamin D. The vitamin D receptor (VDR) has also
been identified in the detrusor wall, thus insufficient vitamin
D may impact bladder function [15]. Whereas it is conceiv-
able that vitamin D levels could significantly affect PFD
symptoms, there is a paucity of information investigating
this relationship and thus further studies are warranted. In
order to further characterize the relationship between vita-
min D and PFD symptoms, we conducted a retrospective
electronic health record (EHR) review of women presenting
for benign gynecologic and urogynecologic care to evaluate
differences in vitamin D levels between these groups and to
determine the impact that vitamin D insufficiency has on
PFD symptoms and quality of life (QoL) using validated
questionnaires.

Materials and methods

This was a retrospective EHR review of women who had an
initial visit to the Urogynecology Care Clinic at the Univer-
sity of Alabama at Birmingham (UAB) between 1 January
2008 and 31 December 2010 and were identified as having
had a total serum 25(OH)D drawn within 1 year of this visit
by Current Procedural Terminology (CPT) code. This study
was approved by the UAB Institutional Review Board.

Serum 25(OH)D panels were processed in an outpatient
laboratory using liquid chromatography [4, 5, 16]. The 25
(OH)D panel included total 25(OH)D (primary outcome
measure) as well as 25(OH)D2 and D3 fractions. Vitamin
D deficiency has been variably defined as serum 25(OH)D
between 10 and 20 ng/ml [17]. Therefore, we defined defi-
cient status as 25(OH)D <15 ng/ml. Insufficient vitamin D
status was defined as serum 25(OH)D between 15 ng/ml and
29 ng/ml [18]. Vitamin D levels >30 ng/ml were considered
sufficient. Two reviewers screened the EHR of women with
vitamin D levels for inclusion and exclusion criteria. Inclu-
sion criteria included women with at least one visit to the
UAB Urogynecology Care Clinic who were >19 years. Ex-
clusion criteria included: (1) women with medical disorders

that could impair vitamin D absorption or metabolism, such
as inflammatory bowel disease, history of gastric bypass
surgery, and chronic renal and/or liver disease, (2) women
with neurologic or other conditions known to affect urinary
(UI) or fecal (FI) incontinence, such as multiple sclerosis,
degenerative muscular diseases, history of cerebral vascular
accident, spinal cord injury, and/or diabetes mellitus with
end-stage disease (retinopathy, neuropathy, ophthalmic
complications, or amputations), (3) incomplete/missing clin-
ical data in the EHR (questionnaires, no vitamin D level
within 12 months of visit). Women included were catego-
rized based on the presence of a PFD diagnosis as defined
by the International Urogynecological Association and the
International Continence Society [19]. The presence of a
PFD diagnosis was defined as having at least one PFD
diagnosis [stress UI (SUI), urgency UI (UUI), FI, or pelvic
organ prolapse (POP)] as their primary diagnosis listed in
the assessment portion of the medical note of the initial visit
(PFD group). Those being seen for routine gynecologic care
or another benign gynecologic condition at their initial visit
were placed into the general gynecology group (GYN
group). The PFD group was further dichotomized based on
vitamin D status as sufficient or insufficient. Vitamin-D-
deficient women were included in the insufficient group
because of the low total number with this classification.

Using a standard data form, the EHR was abstracted to
obtain additional demographic, medical, and laboratory da-
ta. Demographic and medical characteristics were obtained
from the initial history and physical examination documen-
tation. Demographic characteristics included: age, height,
weight, and ethnicity (documented in clinic note as White,
Black, Asian, Latino, or Indian). Body mass index (BMI)
was calculated and reported as kg/m2. Medical character-
istics abstracted for the PFD group included: (1) number of
major medical conditions (obtained from past medical his-
tory), (2) number of prescription/over-the-counter medica-
tions to include calcium and/or vitamin D supplementation
taken regularly (obtained from the medication reconciliation
documentation), and (3) smoking history (obtained from the
social history). In addition to the serum vitamin D levels,
laboratory data included a single value for glomerular filtra-
tion rate (GFR) reported as ml/min/1.732. If more than one
GFR value was present, we used the value closest to the date
of the initial visit.

Validated questionnaires completed at the initial clinic
visit were abstracted from the EHR to measure PFD symp-
tom severity and impact on QoL. The Pelvic Floor Distress
Inventory Short-Form 20 (PFDI-SF-20) is a 20-item valid
and reliable questionnaire widely used for condition-specific
symptom distress assessment of women with lower urinary
and gastrointestinal tract dysfunction and POP symptoms.
The PFDI-SF-20 consists of three subscales: the Urinary
Distress Inventory (UDI-6), Pelvic Organ Prolapse Distress
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Inventory (POPDI-6), and Colorectal–Anal Distress Invento-
ry (CRADI-8). Of the 20 questions, each question response
has yes or no as potential answers. No corresponds to a score
of 0. If the patient answers yes, then the response is based on
an ordinal range from 1 to 4 in terms of the bother and severity
of the symptoms: 1 0 not at all, 2 0 somewhat, 3 0moderately,
and 4 0 quite a bit. Each subscale score was obtained by
calculating the mean value of all answered items within the
subscale (0–4) and multiplying it by 25 to obtain the scale
score (range 0–100). The total PFDI-SF-20 summary score
was the sum of all three subscale scores (range 0–300). Higher
scores on the summary and subscale scores reflect greater
distress from PFD symptoms [20].

The Medical, Epidemiologic, and Social Aspects of Ag-
ing (MESA) questionnaire is a self-reported questionnaire
that asks nine questions assessing SUI symptoms and six
assessing UUI symptoms. The MESA questionnaire has
response categories that correspond to a 4-point Likert scale:
never (0 points), rarely (1 point), sometimes (2 points), and
always (3 points). The subscale scores were summed; stress
subscale scores ranged from 0 to 27; urgency subscale
scores ranged from 0 to 18. The total score was the sum of
the two subscale scores (range 0–45) where higher scores
represent more symptoms [21].

The Incontinence Impact Questionnaire (IIQ) -7 is the
short form of a validated instrument developed to measure
the impact of UI on activities of daily life in women. This
questionnaire comprises four life impact domains to include
physical activity, travel, emotional health, and social activ-
ities. Item responses are assigned values of 0 for not at all; 1
for slightly; 2 for moderately; and 3 for greatly. The summed
score is a sum of all seven questions and ranges from 0 to
21. This mean sum score is divided by 7 and multiplied by
33.3 to convert to a 0–100 scale, where higher scores rep-
resent greater impact [22].

Demographics, medical characteristics, and laboratory
values are presented as means and standard deviations
(SD) for continuous and frequencies for categorical varia-
bles. Chi-square and Student’s t test analysis compared the
demographic characteristics and laboratory data between
women in the GYN and PFD groups. After women in the
PFD group were dichotomized according to their vitamin D
status [sufficient and insufficient (which includes women
with a deficient vitamin D level)], subgroup differences
were compared using chi-square and Student’s t test analysis
for categorical and continuous variables. Validated question-
naire data were analyzed as continuous variables and were
compared based on their vitamin D status using the Stu-
dent’s t test. Multivariable logistic regression models were
constructed with vitamin D as the dependent variable (suf-
ficient compared with insufficient/deficient subgroups) to
evaluate differences in PFD symptoms in women with suf-
ficient and insufficient/deficient vitamin D levels after ad-
justment for age, BMI, race/ethnicity, and the use of vitamin
D supplementation. Analyses were performed using STATA
8.2 (Stata Corp, College Station, TX, USA)

Results

Over the 2-year period, 550 women were identified as new
patients evaluated in the Urogynecology Care Clinic and
had a serum 25(OH)D level drawn within 1 year of their
initial visit. Of those women, 28% (n0156) were excluded
due to a coexisting medical condition or missing clinical and
questionnaire data. The remaining 394 women comprised
the PFD and GYN groups (Fig. 1).

Serum 25(OH)D levels were lower in the PFD than the
GYN group [25(OH)D029.3±11.5 ng/ml vs. 25(OH)D0
35.0±14.1 ng/ml, respectively]; p<0.001] (Table 1).

Fig. 1 Study population
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Women in the PFD group were slightly older than those in
the GYN group (64.3±12.6 vs. 60.2±12.5 years, respective-
ly, p00.005) but had no other significant differences in any
other demographic or medical characteristics.

Among women in the PFD group, 130 (48%) had suffi-
cient vitamin D levels and 138 (52%) were vitamin D
insufficient/deficient n035; 13%). Mean serum 25(OH)D
level in the sufficient group (38.4±7.6 ng/ml) was signifi-
cantly higher than in the insufficient/deficient group (18.6±
7.1 ng/ml; p00.001) (Table 2). Women with insufficient/
deficient vitamin D levels were significantly (p≤0.05) youn-
ger, had a higher mean BMI, and were more likely to be of
African American ethnicity than women with sufficient
vitamin D levels and were less likely (p<0.01) to have
vitamin D or calcium supplementation documented in the

medical record. There were no statistically significant differ-
ences (p>0.05) in parity, number of medical conditions,
number of medications, smoking status, or GFR in women
with a PFD diagnosis according to vitamin D status.

Univariate analyses of validated questionnaire data
(Table 3) reflected higher IIQ-7 scores (42.44±30.22 vs.
28.84±26.77, p00.001) and CRADI-8 subscale scores
(33.87±26.45 vs. 27.26±23.80, p00.03) among vitamin D
insufficient/deficient women compared to vitamin D sufficient
women. After controlling for age, BMI, ethnicity, and docu-
mented use of vitamin D supplementation in the multivariable
logistic regression models, higher total IIQ-7 total scores, but
not CRADI-8 scores, remained significantly associated with
having vitamin D insufficiency/deficiency (p<0.001).

Discussion

In this retrospective EHR review, women presenting for gy-
necologic clinical care had a high prevalence of vitamin D
insufficiency. Amongwomen with a PFD, 51% had vitamin D
insufficiency/deficiency as defined by a vitamin D level
<30 ng/ml. In this study, women with vitamin D insufficiency
were more likely to report distress from colorectal symptoms
and had a greater impact from UI symptoms on QoL. This
association remained significant after controlling for potential
confounding factors known to influence serum 25(OH)D
levels. However, the type of UI symptoms and symptom
distress related to UI did not differ based on vitamin D status.

To date, few studies investigating the relationship be-
tween vitamin D status and PFDs exist in the literature.
There have been two epidemiologic studies exploring the

Table 1 Comparison of demographic characteristics and vitamin D
levels of women with and without a pelvic floor disorder (PFD)
diagnosis

No PFD symptoms
(GYN group) (n0126)

PFD group
(n0268)

P
value

Total 25(OH)D (ng/ml) 35.0±14.1 29.3±11.5 0.001

Age (years) 60.2±12.5 64.3±12.6 0.005

BMI (kg/m2) 26.8±7.8 27.8±7.6 0.97

Non-Hispanic White n (%) 104 (82%) 225 (84%) 0.79

African American n (%) 20 (16%) 40 (15%) 0.05

GFR (ml/min/1.732) 59.5±2.7 58.1±5.2 0.99

All values represent n (%) or mean ± standard deviation

GYN women seeking care for benign gynecologic conditions, PFD
women seeking care for urinary incontinence, fecal incontinence, or
pelvic organ prolapse, BMI body mass index

Table 2 Comparison of demo-
graphic and medical characteris-
tics of women with pelvic floor
disorder (PFD) symptoms di-
chotomized based on their vita-
min D status

*All values represent n (%) or
mean ± standard deviation

BMI body mass index, SVD
spontaneous vaginal delivery,
GFR glomerular filtration rate

Total
(n0268)

Vitamin D
sufficient (n 0130)

Vitamin D insufficient/
deficient (n0138)

P value

Demographic characteristics

Age (years) 64.3±12.6 65.9±10.9 62.8±13.9 0.02

BMI (kg/m2) 27.8±7.6 25.8±6.4 29.7±8.2 <0.001

Parity (SVD) 2.4±1.6 2.22±1.5 2.6±1.8 0.09

Non-Hispanic White 225 (84%) 115 (51%) 110 (49%) 0.30

African American 40 (15%) 13 (32%) 27 (68%) 0.05

Medical characteristics

Medical problems (count) 6±4.58 7±5.06 6±4.07 0.52

Medications (count) 8.9±5.3 9.4±4.9 8.5±5.6 0.15

Significant smoking history 30 (11%) 12 (9%) 18 (13%) 0.32

Vitamin D supplement 132 (49%) 77 (58%) 55 (42%) 0.002

Calcium supplement 126 (47%) 77 (61%) 49 (39%) <0.001

Laboratory data

GFR (ml/min/1.732) 58.1±5.2 58.0±5.4 58.3±5.0 0.66

Vitamin D level (ng/ml) 29.3±11.5 38.4±7.6 18.6±7.1 0.001
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relevance of vitamin D to PFD symptoms in community-
dwelling women. The Leicesterishire Medical Research
Council (MRC) Incontinence Study Group (a longitudinal
cohort study) reported that higher vitamin D intake was
significantly associated with reduced risk of overactive
bladder (OAB) onset (p00.008) [23]. In the National Health
and Nutrition Examination Survey (NHANES cycle from
2005 to 2006, Badalian and Rosenbaum reported a prevalence
of vitamin D insufficiency of 82% among nonpregnant wom-
en >20 years of age. Additionally, the prevalence of UI but not
FI symptoms was lower in the vitamin D sufficient group,
even after controlling for demographic factors shown to be
associated with both PFDs and vitamin D levels in the litera-
ture [3]. Our retrospective study supports data from these
epidemiologic studies by showing that vitamin D insufficien-
cy is also prevalent in women seeking care for pelvic floor
symptoms. We further characterized the relationship between
pelvic floor symptoms and insufficient vitamin D status by
controlling for comorbidities and other conditions related to
vitamin D insufficiency. Despite adjustment for these factors,
significant differences were still observed in the impact of UI
on QoL in women with this condition.

We hypothesize that vitamin D is important in skeletal
muscle efficiency and potentially in detrusor muscle/urothe-
lial function, thus explaining our observation that vitamin D
insufficient women are more impacted by UI compared with
vitamin D sufficient women. Vitamin D has been shown to
increase skeletal muscle cell proliferation and muscle fiber
size in vitro [24, 25]. In addition, the vitamin D receptor
(VDR) has been identified in human skeletal muscle nuclei,
although inconsistently [24–26]. The role of vitamin D in
the efficiency of skeletal muscle function is thought to be
through active metabolite binding to the VDR, resulting in
muscle growth [24, 25]. Whereas clinical observational and
randomized studies inconsistently demonstrate a relation-
ship between skeletal muscle strength and vitamin D insuf-
ficiency or vitamin D supplementation, level I and II studies

consistently associate increased postural stability and de-
creased risk of falls with insufficient vitamin D [10, 11].
The improved balance and fall prevention observed may be
secondary to more efficient muscle function rather than
improved muscle strength. This hypothesis may be extrap-
olated to explain our observation in vitamin D insufficient
women with UI. The levator ani muscles of the pelvic floor
are vital in the voluntary control of continence, both me-
chanically and through neuronal pathways. Pelvic floor
muscle weakness may prevent incontinent women from
efficiently closing the urethra during times of increased
intra-abdominal pressure, resulting in SUI. Vitamin D insuf-
ficiency may also affect the detrusor wall, contributing to
symptoms of OAB and UUI. Gau reported two cases of
resolution of UUI with high-dose vitamin D supplementation
[27]. The VDR has been identified in both the urothelium and
the smooth muscle of the detrusor wall [15]. In vitro studies of
the human bladder demonstrate that detrusor muscle relaxa-
tion resulted from inhibition of a calcium-sensitized pathway
triggered by a vitamin D receptor agonist [28]. In addition, an
epidemiologic study implicated a higher dietary intake of
vitamin D to be associated with decreased risk of OAB [23].
This suggests that vitamin D insufficient women may have
abnormal calcium homeostasis in the detrusor wall, contrib-
uting to urinary urgency and UUI symptoms.

We also observed more severe bowel symptoms in wom-
en with vitamin D insufficiency. In one case series, Alkhatib
and colleagues observed a higher rate of vitamin D insuffi-
ciency and deficiency in their patients with FI [29]. FI may
result from a disruption or weakness in the puborectalis or
external anal sphincter muscles and is also affected by
alterations in stool consistency and colonic transit time.
Often, women with FI have loose stool and diarrhea, which
may also impact the absorption of vitamin D. However,
weak/disrupted external anal sphincter muscles may have
an important impact on the severity of FI [30]. Although we
observed that women with vitamin D insufficiency had

Table 3 Validated questionnaire data among women with pelvic floor disorder (PFD) symptoms based on vitamin D status

Questionnaire (range) Total group Vitamin D sufficient Vitamin D insufficient/deficient P value

POPDI-6 (0–100) 31.9±25.9 N0211 30.9±24.4 N0103 32.9±27.3 N0108 0.56

CRADI-8 (0–100) 30.6±25.4 N0208 27.3±23.8 N0102 33.9 ±26.5 N0106 0.03

UDI-6 (0–100) 42.5±26.6 N0211 43.3±23.7 N0104 41.7±29.2 N0107 0.65

PFDI-20 total (0–300) 105.4±65.8 N0205 102.0±61.3 N099 108.5±61.3 N0106 0.48

MESA-stress (0–27) 11.0±8.0 N0233 10.5±7.5 N0114 11.5±8.4 N0119 0.33

MESA-urge (0–18) 5.7±4.7 N0232 5.4±4.0 N0114 5.9±4.7 N0118 0.40

MESA total (0–45) 16.6±10.9 N0231 15.9±10.1 N0114 17.3±11.5 N0117 0.15

IIQ-7 (0–100) 35.7±29.3 N0176 28.8±26.8 N086 42.4±30.2 N090 0.001

*All values represent mean ± standard deviation

POPDI-6 Pelvic Organ Prolapse Distress Inventory, CRADI-8 Colorectal–Anal Distress Inventory, UDI-6 Urinary Distress Inventory, PFDI-20
Pelvic Floor Distress Inventory, MESA Medical, Epidemiologic, and Social Aspects of Aging, IIQ Incontinent Impact Questionnaire
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more colorectal symptom distress on the CRADI-8, further
studies are needed to explain the relationship of vitamin D
with the severity of bowel symptoms.

Limitations of this study include its retrospective cohort
design, whichmay explain why we observed no differences in
validated questionnaire scores with regard to the severity or
type of UI and prolapse symptoms among women with suffi-
cient and insufficient vitamin D. Vitamin D levels measured
are impacted by sunlight exposure, skin pigmentation, obesity,
and oral supplementation. Our retrospective design prohibited
the collection of important clinical details, specifically season
at time of serum 25(OH)D collection and duration of vitamin
D supplementation. However, our regression model
accounted for the use of vitamin D supplementation, BMI,
and ethnicity in order to eliminate these factors as potential
confounders to the significant relationship observed.

To our knowledge, there were no other identified clinical
cohort studies that investigated the relationship between
vitamin D status and PFD symptoms in women. Although
limited by the retrospective design, this study serves as a
foundation for future studies investigating the impact of
vitamin D on PFDs. Our study is strengthened by the use
of the gold standard technique of liquid chromatography to
measure serum 25(OH)D. Further, the use of validated
questionnaire measures for symptom severity and impact
on QoL allows for more valid and generalizable data inter-
pretation. We also controlled for other comorbid disorders
that may affect vitamin D serum levels.

In conclusion, vitamin D insufficiency is prevalent in a
population of women seeking care for pelvic floor symptoms.
Our finding of a greater impact of UI symptoms on QoL in
women with insufficient vitamin D was important. Vitamin D
insufficiency may result in the reduced ability to voluntarily
control stress leakage and decreased effectiveness for urge-
suppression strategies. Sufficient vitamin D serum levels may
facilitate an increase in pelvic floor muscle efficiency and a
decrease in detrusor contractibility, allowing for a more effec-
tive response to behavioral therapy by decreasing UI episodes.
This potential relationship needs to be explored more robustly.
Prior to advocating vitamin D supplementation for the treat-
ment of PFD symptoms, more data are needed. Future re-
search into the relationship between total 25(OH)D and PFDs
should be studied prospectively to determine the potential role
of vitamin D supplementation as a part of a multicomponent
strategy for PFD treatment.
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