Epidemiology/Health Services Research

ORIGINAL ARTICLE

Pelvic Floor Disorders, Diabetes, and

Obesity in Women

Findings from the Kaiser Permanente Continence Associated Risk

Epidemiology Study

CHARLES W. NAGER, MD”

JEAN M. LAWRENCE, SCD, MPH, MSSA"
KARL M. LUBER, MD>

EmiLy S. Lukacz, MD
IN-Lu Amy Liv, ms!

OBJECTIVE — We examined associations between obesity and diabetes and female pelvic
floor disorders (PFDs), stress urinary incontinence (SUI), overactive bladder (OAB), and anal
incontinence (AI) in community-dwelling women.

RESEARCH DESIGN AND METHODS — Women were screened for PFD using a
validated mailed survey. Diabetes status, glycemic control, and diabetes treatment were extracted
from clinical databases, while other risk factors for PFDs were obtained through self-report.
Women were categorized hierarchically as nonobese/nondiabetic (reference), nonobese/
diabetic, obese/nondiabetic, and obese/diabetic.

RESULTS — Of 3,962 women, 393 (10%) had diabetes. In unadjusted analyses, women with
diabetes and women who were obese had greater odds of having PFDs. Among women with
diabetes, being obese was associated with SUI and OAB. After adjusting for confounders, we
found that obese/diabetic women were at the highest likelihood of having SUI (odds ratio 3.67
[95% C12.48-5.43]) and AI (2.09 [1.48-2.97]). The odds of having OAB among obese women
was the same for obese/diabetic women (2.97 [2.08—4.36]) and obese/nondiabetic women (2.93
[2.33-3.68]). Nonobese/diabetic women had higher odds of SUT (1.90 [1.15-3.11]) but did not
differ significantly in their OAB (1.45 [0.88-2.38]) and AI (1.33 [0.89-2.00]) prevalence from
nonobese/nondiabetic women.

CONCLUSIONS — Given the impaired quality of life experienced by women with PFDs,
health care providers should counsel women that obesity and diabetes may be independent
modifiable risk factors for PFDs.
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iabetes, obesity, and incontinence
are all common health problems for
women in the U.S. It has been esti-
mated that 9.7 million, or 8.8%, of all
women aged =20 years had diabetes in
2005 (1), while almost 50% may experi-
ence urinary incontinence in their lifetime
(2). In 2003-2004, 28.6% of women

were overweight and 33.2% were obese
(3). Urinary incontinence alone accounts
for the expenditure of up to 19.5 billion
dollars annually in the U.S. (4) and can
have a significant impact on the quality of
womens’ lives (5).

Studies (6-12) have demonstrated
the association between urinary inconti-
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nence and diabetes, and some (11,12)
have found that women who used insulin
were more likely to be incontinent than
women with diabetes who did not require
insulin, but the mechanisms are unclear.
It has been suggested that the most likely
reason for the increase in risk is microvas-
cular compromise, leading to damage to
the urethral sphincter mechanism and
bladder sensitivity, and that stricter glyce-
mic control may reduce the risk or sever-
ity of urinary incontinence (13). Studies
(14,15) of the relationship between anal
incontinence and diabetes have had con-
flicting results.

Strong associations between obesity
and both urinary and fecal incontinence
have been reported (16-24). The patho-
physiologic basis posited for this relation-
ship lies in the significant correlation
between BMI and intra-abdominal pres-
sure, suggesting that obesity may stress
the pelvic floor secondary to a chronic
state of increased pressure (25). Weight
loss has been shown to improve inconti-
nence in obese women (26-28).

In this secondary analysis of data from
the KP CARES (Kaiser Permanente Conti-
nence Associated Risk Epidemiology Study)
study, we examined associations between
female pelvic floor disorders (PFDs) (stress
urinary incontinence [SUI], overactive
bladder [OAB], and anal incontinence [AI])
and diabetes and obesity. Pelvic organ pro-
lapse was excluded from these analyses due
to insufficient power to assess the associa-
tions of interest for this condition. We
sought to evaluate the relative importance
of the associations between diabetes and
obesity in their contributions to PFDs.

RESEARCH DESIGN AND

METHODS — Kaiser Permanente is a
large, prepaid, managed health care plan
that serves >3 million residents in south-
ern California. The Epidemiology of Pro-
lapse and Incontinence Questionnaire
(EPIQ) was developed to assess the prev-
alence of PFDs in a sample of women from
this racially and ethnically diverse popu-
lation. Survey development, pilot testing,
and survey methods have been described
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elsewhere (29-31). Briefly, the EPIQ was
developed and validated in English and
Spanish to assess the presence or absence of
Al, OAB, SUI, and pelvic organ prolapse in
a community-dwelling population.

After approval by the institutional re-
view board, samples of 3,050 women in
each of four age strata (25-39, 40-54,
55-69, and 70-84 years) were selected
from the Kaiser Permanente Southern
California (KPSC) membership who had
an address on file with the health plan.
Surveys in English and Spanish were
mailed with a cover letter, small incentive,
and postcard to opt-out or request addi-
tional information, followed by a second
survey mailing, a reminder telephone call,
and a third survey mailing to women in
the youngest age strata (31). Of 12,200
surveys mailed, 4,458 (37%) were re-
turned. Data were collected from April
2004 through January 2005

Assessment of PFDs

Women were screened for PFDs based on
their responses to stem questions plus
their degrees of bother, as indicated on a
visual analog scale. Positive and negative
predictive values and 95% ClIs for the de-
tection of specific PFDs were 88% (75—
95) and 87% (76-93) for SUL, 77% (59—
88) and 90% (81-95) for OAB, and 61%
(48-73) and 91% (80-96) for Al respec-
tively. Al included flatal, solid, and/or lig-
uid incontinence (30).

Assessment of diabetes, treatment,
and complications

We linked survey respondents to the
KPSC Diabetes Case Identification Data-
base, which uses an algorithm to identify
members who have a high probability of
having diabetes (32,33) based on at least
one of the following criteria: 250.XX
ICD-9 hospital diagnosis, a prescription
for insulin or other oral hypoglycemic
agents, A1C =6.7%, or a fructosamine
test result =280 wmol/l. Women with
gestational diabetes (ICD-9 code 648.8)
and no other criteria were not included.
For this analysis, women who were iden-
tified as having diabetes based only on the
A1C threshold had to meet or exceed
7.0% to increase the sensitivity of the al-
gorithm. We assumed that the majority of
these women have type 2 diabetes, as it
comprises 85-95% of all adults with dia-
betes (34).

To characterize the women with dia-
betes, information about current treat-
ment (insulin and/or oral hypoglycemic
agents), based on the most recent pre-

scription(s) filled before survey comple-
tion and the results of the A1C measured
closest to the time of survey completion
(+6 months), were extracted from the
pharmacy and laboratory databases, re-
spectively. All laboratory tests were con-
ducted at a single laboratory operated by
KPSC.

Self-reported variables

Age was calculated in completed years on
the date of survey completion, and BMI
was calculated as weight in kilograms di-
vided by the square of height in meters
and dichotomized into nonobese (<30
kg/mz) or obese (=30 kg/mz). Smoking
was categorized as never smoked, past
smoker, or current smoker. Chronic lift-
ing was defined as repetitive lifting of >9
kg regularly for >1 year. Caffeine con-
sumption was defined as more than one
cup of caffeinated beverage per day. Pres-
ence or absence of neurological disease,
lung disease or asthma, history of depres-
sion, hysterectomy, menopause status
(yes/mo/don’t know), and hormone expo-
sure (never/past/present) were assessed
using survey data.

To adjust for the known associations
between pregnancy, mode of delivery,
and PFD as previously described (31), we
defined the nulliparous group as those
women who had never been pregnant or
only delivered a baby =2 kg. The cesar-
ean birth group was defined as having
been delivered by one or more cesarean
births and no vaginal births exceeding 2
kg. Vaginally parous women were defined
as having one or more vaginal deliveries
exceeding 2 kg birth weight regardless of
history of cesarean births. Parity was
modeled as a continuous variable.

Statistical analysis

Of 4,458 EPIQ surveys returned, we ex-
cluded women sequentially for the fol-
lowing reasons: insufficient data to
categorize into one of the three birth
groups (n = 289), insufficient informa-
tion to assess at least one of the PFDs (n =
66), and insufficient information to calcu-
late BMI (n = 141), for a final sample size
of 3,962 subjects.

Statistical analyses were performed
with SAS version 8.02 (SAS Institute,
Cary, NC). Power and sample size calcu-
lations were based on the primary study
objectives to assess the prevalence of each
PFD and to identify the risk of vaginal
delivery compared with cesarean births
(31). We assessed the differences between
groups of women using x* tests for cate-

Lawrence and Associates

gorical variables and Student’s ¢ tests for
continuous variables.

Each PFD (SUI, OAB, or Al) was ex-
pressed dichotomously as “present” or
“absent.” Women for whom we did not
have information to assess presence or ab-
sence were excluded from the models for
that outcome. Among women with infor-
mation to assess the presence or absence
of at least one of these PFDs, we created a
summary variable labeled “any PFD.” Sig-
nificance was evaluated using a two-sided
P value of <0.05. Logistic regression
analysis was used to calculate the odds
ratios and 95% Cls for the associations
between diabetes and obesity and each
and any PFD.

Multiple logistic regression models
were constructed for all women in the
study sample. We assessed the contribu-
tions of diabetes and obesity to the likeli-
hood of having each and any PFD after
controlling for other known risk factors.
Women were categorized hierarchically
as nonobese/nondiabetic (reference),
nonobese/diabetic, obese/nondiabetic,
and obese/diabetic.

Once all of the variables were entered
into the model, we removed covariates
that were no longer significant in the mul-
tivariate model and had no impact on the
primary variable of interest except for age
(modeled as a continuous variable), race/
ethnicity, mode of delivery, and parity,
which remained in every model.

RESULTS

Characteristics of the study
population by diabetes status

The median age of the women studied
was 56.6 years, and the racial/ethnic dis-
tribution was 62% white, 19% Hispanic,
10% black, 8% Asian/Pacific Islanders,
and 1% other or unknown race (Table 1).
Ten percent (n = 393) of the women in
the sample had diabetes. Compared with
women without diabetes, we found that
women with diabetes were significantly
more likely to be older, African American
or Hispanic, obese, parous, postmeno-
pausal, and to have had a hysterectomy, a
history of depression, a neurological con-
dition, or lung disease. The prevalence of
the PFDs was 15% SUI, 13% OAB, and
25% Al, and 35% had any PFD (Table 2).

Prevalence of PFDs among women
with diabetes

Women with diabetes were significantly
more likely to have each or any PFD than
women without diabetes (Table 2). Of the
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Table 1—Characteristics of 3,962 female survey respondents aged 25—-84 years with and

without diabetes

Nondiabetic Diabetic
All women women women P value
n 3,962 3,569 393
Age (years) 56.6 = 15.8 558 £ 159 644 +12.5 <0.0001
Race/ethnicity <0.005

Non-Hispanic white 2,444 (61.7) 2,227 (62.4) 217 (55.2)

Hispanic 760 (19.2) 674 (18.9) 86 (21.9)

Black 382 (9.6) 327(9.2) 55(13.4)

Asian/Pacific Islander 323(8.2) 208 (8.3) 27 (6.9)

Other/unknown race 53 (1.3) 45 (1.3) 8(2.0)

BMI 278 £6.2 269 590 32.1 73 <0.0001
BMI category <0.0001

Average (<25.0 kg/mz) 1,643 (41.5) 1,586 (44.4) 57 (14.5)

Overweight (25.0-29.9 kg/mz) 1,229 (31.0) 1,114 (31.2) 115 (29.3)

Obese (=30 kg/mz) 1,090 (27.5) 869 (24.4) 221 (56.2)

Mode of delivery 0.0057

Nulliparous 755 (19.1) 702 (19.7) 53 (13.5)

Any vaginal birth 2,837 (71.6) 2,543 (71.3) 294 (74.8)

Cesarean births only 370 (9.3) 324 (9.1) 46 (11.7)

Parity 21*16 21=*16 26*19 <0.0001
Postmenopausal 2,611(66.0) 2,275(63.9) 336 (85.5) <0.0001
Hormone use NS

None 2,101 (53.8) 1,900 (53.9) 201 (53.0)

Past 1,234 (31.6) 1,108 (31.4) 126 (33.3)

Current 572 (14.6) 520 (14.7) 52 (13.7)
Hysterectomy 1,104 (28.0) 956 (26.9) 148 (37.9) <0.0001
Cigarette smoker <0.0005

Never 2403 (61.4) 2,181(61.9) 222 (57.2)

Past 1,150 29.4) 1,005 (28.5) 145 (37.4)

Current 360 (9.2) 339 (9.6) 21 (5.4)

Any caffeine use 2,205 (56.0) 1,979 (55.8) 226 (57.7) NS

History of depression 756 (20.2) 663 (19.4) 93 (28.0) <0.0005
Neurological disease 96 (2.6) 74 (2.2) 22 (6.8) <0.0001
Lung disease or asthma 512 (13.6) 433 (12.6) 79 (23.3) <0.0001

Data are means = SD or n (%). Women with missing data are excluded from these analyses. NS, not

significant.

women with diabetes, over half (56%)
were obese; 17% were on insulin, 63%
were treated with oral hypoglycemic
agents only, and 20% were not on any
diabetes medications. Over two-thirds
(n = 271) had an A1C test in the 6
months before or after their survey com-
pletion, with a mean value of 7.0%. Of
these women, 24% were in borderline
control (7.0-8.5%) and 12% were in
poor control (>8.5%). Women with dia-
betes were 90% more likely to have SUT or
OAB, 50% were more likely to have Al,
and 68% were more likely to have any
PFD than women without diabetes (Table
3).

Women with obesity and prevalence
of PFDs

Obese women were over twice as likely
to experience SUI and OAB, >40%

were more likely to have Al, and 92%
more likely to have any PFD than
women who were not obese (Table 3).
When we restricted our analysis to
women with diabetes, as shown at the
bottom of Table 3, we found that being
obese was positively associated with all
conditions, but the relationship with Al
was not significant.

Other risk factors associated with
PFDs under study

When we examined the associations be-
tween other common risk factors for
PFDs (shown in Table 1) and each and
any PFD, we found that age, race/
ethnicity, smoking status, mode of deliv-
ery, parity, hormone use, menopause,
previous hysterectomy, history of depres-
sion, neurological disease, lung disease,
and caffeine consumption were signifi-
cantly associated with each and any PFD,
with the following exception: caffeine
consumption was not associated with
OAB (data not shown).

Unadjusted and adjusted odds ratios
for contributions of diabetes and
obesity
When diabetes and obesity were com-
bined hierarchically into a four-category
exposure variable (nonobese/nondiabetic
[reference], nonobese/diabetic, obese/
nondiabetic, and obese/diabetic), we
found that the unadjusted odds of having
SUL, OAB, Al or any PFD progressively
increased with each category (Table 3).
There was no statistical interaction be-
tween having diabetes and being obese for
any of the four outcomes (data not shown).
After controlling for age, race/
ethnicity, mode of delivery, and other
known risk factors for PFDs that were sig-
nificant in the bivariate analysis, we found
that women categorized as obese/diabetic
had the highest probability of having SUIT,
Al, and any PFD, whereas women who
were obese/nondiabetic were as likely as
obese/diabetic women to have OAB (Ta-
ble 4). Women categorized as nonobese/
diabetic did not differ significantly in their
prevalence of OAB, Al, or any condition
than nonobese/nondiabetic women (refer-
ence), whereas nonobese/diabetic women
were significantly more likely to have SUI
than nonobese/nondiabetic women.

CONCLUSIONS — n our sample of

community-dwelling women, we found
that being obese, regardless of having di-

Table 2—Prevalence of PFDs in 3,962 women aged 25-84 years with and without diabetes

All women  Nondiabetic women  Diabetic women P value
n 3,962 3,569 393
SUI (n = 3,912) 589 (15.1) 497 (14.1) 02 (23.8) <0.0001
OAB (n = 3,877) 518 (13.4) 438 (12.5) 80 (21.4) <0.0001
Al (n = 3,823) 959 (25.1) 839 (24.3) 120 (32.5) <0.0005
Any PFD (n = 3,785) 1,324 (35.0) 1,157 (33.8) 167 (46.1) <0.0001

Data are n (%). Women with missing data are excluded from these analyses.
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Table 3—Crude odds ratios (95% CI) for the associations between obesity and diabetes and PFDs

SUL OAB Al Any PFD
All women (n = 3,962)
n 589 518 959 1,324
Diabetes
Yes 1.91 (1.48-2.46) 1.90 (1.46-2.49) 1.50 (1.19-1.89) 1.68 (1.35-2.09)
No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Obese

Yes (BMI =30 kg/m?)
No (BMI <30 kg/m?)
Obesity and diabetes
Obese/diabetic
Obese/nondiabetic
Nonobese/diabetic
Nonobese/nondiabetic
Women with diabetes (n = 393)
n
Obese
Yes (BMI =30 kg/m?)
No (BMI <30 kg/m?)

2.58 (2.15-3.09)
1.00 (Reference)

3.24 (2.36-4.45)
2.56 (2.10-3.11)
1.77 (1.17-2.68)
1.00 (Reference)

1.83(1.12-2.99)
1.00 (Reference)

2.67 (2.20-3.22)
1.00 (Reference)

3.31 (2.37-4.63)
2.65(2.16-3.27)
1.78 (1.15-2.75)
1.00 (Reference)

98 90

1.86 (1.11-3.14)
1.00 (Reference)

1.46 (1.25-1.71)
1.00 (Reference)

1.92 (1.66-2.22)
1.00 (Reference)

1.90 (1.41-2.56)
1.40 (1.17-1.66)
1.33(0.93-1.90)
1.00 (Reference)

2.42 (1.82-3.22)
1.87 (1.59-2.19)
1.50 (1.07-2.09)
1.00 (Reference)

132 184

1.43(0.92-2.23)
1.00 (Reference)

1.62 (1.06-2.47)
1.00 (Reference)

abetes, increased the likelihood of having
a PFD compared with nonobese women.
The prevalence of SUIL, Al, and any PFD
increased in the following manner: nono-
bese/nondiabetic (lowest), nonobese/
diabetic, obese/nondiabetic, and obese/
diabetic (highest), while women who
were obese, regardless of whether they
had diabetes, were most likely to have
OAB.

Our approach to these analyses dif-
fered from others, as we directly exam-
ined the associations between PDFs and
diabetes with or without obesity using
women with neither condition as the ref-
erence group instead of examining the as-
sociation between one of these conditions
while controlling for the other (9-11).
We were able to examine these associa-
tions across three different conditions,
whereas many reports (7,9,10,12,28)
limit their analysis to one condition, and

unlike some studies (7,12), we were able
to include premenopausal women in our
cohort. As with most other studies, we
found an association between PFDs and
both diabetes and obesity.

While studies (14,15) of the relation-
ship between Al and diabetes have had
conflicting results, we found that Al was
associated with having diabetes among
obese women only, whereas the relation-
ship between Al and diabetes in women
who were not obese was not statistically
significant.

The strength of this study includes
using a carefully validated instrument to
assess a spectrum of PFDs in a large, ra-
cially and ethnically diverse population
distributed across a wide age range in-
cluding obese and nonobese women. In
addition, we were able to characterize the
women in our sample with diabetes by
linking clinical information about glyce-

mic control and diabetes treatment regi-
men to the survey responses closest to the
time of the survey.

Our response rate was lower than an-
ticipated despite considerable effort to in-
crease it, particularly among younger
health plan members. We found that
younger members were hardest to reach;
the likelihood of not having a valid ad-
dress on file decreased with age, from
11% of 25- to 39-year-old subjects to 3%
of 70- to 84-year-old subjects. When we
compared women in the final analytic
sample (n = 3,962) with all other women
originally surveyed (n = 8,238), 10% of
the women in the sample and 11% of the
remaining women had diabetes (P <
0.05). Among women with diabetes,
there was no difference in mean A1C per-
cent (P = 0.76) nor a difference in the
racial/ethnic distribution (P = 0.26)
when women in the analytic sample were

Table 4—Adjusted odds ratios (95% CI) for the associations between obesity and diabetes-related factors and PFDs

AT*§ Any PFD*||

SUL* OAB*%
Obesity and diabetes
Obese/diabetic 3.67 (2.48-5.43) 2.97 (2.03-4.36)
Obese/nondiabetic 2.62 (2.09-3.30) 2.93 (2.33-3.68)
Nonobese/diabetic 1.81 (1.09-3.00) 1.45 (0.88-2.38)
Nonobese/nondiabetic 1.00 (Reference) 1.00 (Reference)
n in adjusted model 3,353 3,574
n with PFD 484 453

2.09 (1.48-2.97)
1.45 (1.20-1.76)
1.33 (0.89-2.00)
1.00 (Reference) 1.00 (Reference)
3,478 3,446
866 1,257

2.62 (1.87-3.67)
1.83(1.54-2.18)
1.32 (0.90-1.94)

*All models are adjusted for age, race/ethnicity, mode of delivery, and parity (base model). ¥Base model plus hormone therapy use, menopause status, hysterectomy,
smoking, caffeine use, history of depression, lung disease/asthma, and neurological disease. ¥Base model plus hysterectomy and lung disease/asthma. §Base model
plus hormone therapy use, menopause status, and history of depression. |[Base model plus hormone therapy use, menopause status, hysterectomy, and history of
depression. Obese is considered BMI =30 kg/m?. Any PFD = one or more of the three PFDs (SUL, OAB, or Al).
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compared with all others originally sur-
veyed. Data on the prevalence of obesity
were not available for comparison. Given
that our overall prevalence of obesity and
diabetes was consistent with what we
would have anticipated given national es-
timates, we do not believe that our re-
sponse rate biased the result of this study.

As this was a secondary analysis of
data gathered primarily to evaluate the as-
sociations between pregnancy, mode of
delivery, and PFDs (31), we did not have
enough power to assess the relationship
between glycemic control, diabetes treat-
ment, and PFDs. Finally, we could only
examine associations between prevalent
PFDs and obesity and diabetes without
information on the temporal sequence the
onset of these conditions, since this was a
cross-sectional study.

The findings from this study suggest
that being obese may be a modifiable risk
factor for PFDs. Women who are obese,
regardless of whether they have diabetes,
are more likely to have SUI, OAB, and Al,
whereas nonobese/diabetic women had
similar odds of each and any PFD as
nonobese/nondiabetic women. Other
published studies have suggested that
weight loss may reduce the prevalence of
incontinence among this group of high-
risk women. Given the aging of the pop-
ulation, the increased prevalence of
obesity, and the concurrent increase in
the prevalence of diabetes in the U.S.,,
women and health care professionals
should be made aware of the associations
between PFDs and obesity and diabetes.
Women who are obese, regardless of
whether they have diabetes, should be
advised that they may be more likely to
develop a PFD associated with their
weight and should be encouraged to
adopt patterns of physical activity and
dietary intake to promote healthy
weight loss and maintenance of a

healthy weight.
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