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Abstract
Objective—Interstitial cystitis/painful bladder syndrome (IC/PBS) is a chronic pain condition with
unclear underlying etiology. Our objectives were to determine if psychological distress was higher
in twins with urological symptoms commonly found in IC/PBS than twins without, and if so, did
familial influences contribute to this association.

Method—Data from 1,165 female twins in a community-based sample were used. Urological
symptoms, symptoms of posttraumatic stress disorder (PTSD), depression, anxiety, and perceived
stress were assessed with standardized questionnaires. Generalized estimating equation regression
models were used to examine the relationship between psychological distress and urological
symptoms.

Results—Compared to unaffected twins, twins with urological symptoms were more likely to report
PTSD symptoms (OR = 3.9; CI = 2.6-5.8), depression (OR = 3.1; CI = 2.0-5.0), anxiety (OR = 3.4;
CI = 2.3-5.2), and perceived stress (OR = 3.2; CI = 2.1-4.9). After adjusting for familial influences,
the within-pair effects remained significant for PTSD symptoms (OR = 2.2; CI = 1.2-3.8) and
perceived stress (OR = 2.2; CI = 1.2-3.8).

Conclusion—Familial influences partially explained the relationship between indicators of
psychological distress and urological symptoms. Future research should examine shared
environmental and genetic mechanisms that may further explain this relationship and improve
diagnosis and treatment of this unexplained clinical condition.
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INTRODUCTION
Interstitial cystitis (IC)/Painful Bladder Syndrome (PBS) is a painful and debilitating chronic
pelvic condition of unknown etiology that predominantly affects women. IC/PBS is
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characterized by increased urinary frequency and urgency, dysuria, nocturia, and pain or
discomfort in the bladder and pelvic area. The condition has been related to several comorbid
conditions, including fibromyalgia, headache, unspecified back disorder, irritable bowel
syndrome, and endometriosis[1]. Similarly, psychological distress, especially posttraumatic
stress disorder (PTSD) symptoms, depression, anxiety, and stress, is common in IC/PBS[1-4]
and has been associated with increased pain and symptom severity[5]. These associations,
however, are primarily based on studies of clinic-based or tertiary care patient samples, which
may be biased by clinical ascertainment from a treatment-seeking population.

Limited but emerging research has found that IC/PBS occurs more frequently in family
members of patients with IC/PBS[6], suggesting that genetics or shared environmental factors,
together known as familial factors, may play a role in the etiology of the condition. Consistent
with genetic influences on IC/PBS, one small twin study found greater concordance for IC/
PBS among monozygotic than dizygotic twins[7]. Further, a substantial body of literature has
documented the genetic and familial contributions to PTSD, depression, anxiety, and other
indicators of psychological distress[8-10]. However, only two studies have specifically
examined the potential familial link between IC/PBS and any measures of psychological
distress. Both studies focused on the familial association between IC/PBS symptoms and panic
disorder, a complex anxiety disorder characterized by recurrent episodes of uncontrollable fear
and other symptoms, and found that first degree relatives of IC/PBS patients were about three
times more likely than family members of controls to report panic disorder[3,11]. Likewise,
first degree relatives of patients with panic disorder were up to three times more likely than
control family members to report IC/PBS symptoms, suggesting a familial and possibly genetic
linkage between these two seemingly disparate conditions.

Taken together, previous investigations suggest substantial comorbidity between IC/PBS and
psychological distress indicators in primarily clinic-based or tertiary care patient samples.
Additionally, there is some evidence that familial factors may play a role in the relationship
between IC/PBS and panic disorder. However, to our knowledge no studies have examined if
familial influences contribute to the relationship between multiple indicators of psychological
distress and IC/PBS symptoms. The aims of the present study were to assess if indicators of
psychological distress, namely symptoms of PTSD, depression, anxiety, and perceived stress,
were associated with urological symptoms commonly found in IC/PBS among female twins
enrolled in a community-based twin registry, and elucidate the role of familial factors in this
relationship. We chose these specific distress indicators because they have most often been
studied in relation to urological symptoms in clinical samples. We hypothesized that compared
to twins without urological symptoms, twins with these symptoms would report higher levels
of psychological distress and this finding could be partially explained by familial influences.

MATERIAL AND METHODS
Sample

The University of Washington Twin Registry is a community-based sample of twins derived
from the drivers’ license applications of the Washington State Department of Licensing. Full
details of the construction and characteristics of the University of Washington Twin Registry
are described elsewhere[12]. In brief, Washington State drivers’ license numbers are derived
from a person's name and date of birth, thus, the Department of Licensing asks every new
applicant if s/he is a twin to avoid issuing duplicate license and identification numbers to twins.
Because state agencies in Washington are permitted by law to share data, the Department of
Licensing provides a list of all new drivers' license applicants who are twins to the University
of Washington. Registry staff contacts each twin to obtain informed consent, complete a brief
survey, and join the Registry on an ongoing basis. Co-twins are contacted using information
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provided by the index twin. Registry procedures have been approved by the Washington State
Attorney General and the University of Washington Human Subjects Review Committee.

Data Collection
A comprehensive health survey with information on demographics, health habits, and
psychological distress indicators was mailed to all twins in two waves. In addition, a set of
three questions asked female twins about urological symptoms commonly found in IC/PBS.

Psychological Distress—Several brief, standardized questionnaires were used to assess
psychological distress variables over the past four weeks. Symptoms of PTSD were assessed
with a 5-item scale that asked about hypervigilance, avoidance, and re-experiencing in relation
to a traumatic event. This measure was developed for use with primary care patients and has
similar characteristics to other brief screening measures for anxiety[13]. Scores range from
0-15 and have good reliability estimates (Cronbach's alpha = 0.86). Symptoms of depression
were assessed with the Patient Health Questionnaire-2 (PHQ-2)[14], a brief measure of key
depressive symptoms, with scores ranging from 0-6. The PHQ-2 has good validity and
reliability estimates (Cronbach's alpha = 0.78)[15]. To evaluate anxiety symptoms, we used
the anxiety subscale of the Brief Symptom Inventory[16], commonly administered in medical
and psychiatric populations. Scores range from 0-24, and the anxiety subscale is valid and has
good reliability estimates (Cronbach's alpha = 0.84)[17]. The Cohen Perceived Stress Scale
[18], which assesses subjective reactions to demands from stressful experiences, was used to
measure stress. This instrument yields scores ranging from 0-38 and is reliable (Cronbach's
alpha = 0.78)[19].

Although the psychological distress variables were based on continuous scales, initial
examination of the data found them to not be normally distributed. Therefore, each
psychological distress variable was categorized into four quartiles, representing increasing
levels of distress. The PTSD scores were categorized as 0, 1, 2-3, and ≥4. The depression scores
were categorized as 0, 1, 2, and ≥3. Anxiety score categorization was 0, 1-2, 3-4, and ≥5.
Perceived stress scores were categorized as 0-9, 10-14, 15-19, and ≥20.

Urological Symptoms—Three questions asked about urological symptoms commonly
found in IC/PBS. Female twins were asked if they had: 1) “pain, pressure, or discomfort in the
pelvis, groin, or upper thigh that worsens when your bladder fills?”; 2) “pain, pressure, or
discomfort in the pelvis, groin, or upper thigh that is relieved or improved by emptying your
bladder?”; and 3) if they urinated frequently. Twins were considered positive for urological
symptoms if they responded positively to the first question and positively to either the second
or third question[20].

Other Data—Demographic information consisted of age, sex, race/ethnicity, marital status,
education, and income. To assess zygosity, we used questions about childhood similarity that
reliably classify zygosity with an accuracy of 95 – 98% compared with zygosity determined
by biological indicators[21].

Statistical Analyses
Descriptive statistics for participant characteristics were calculated using means and standard
deviations for continuous variables and percentages for categorical variables. Generalized
estimating equation (GEE) regression models with the appropriate link function were used to
assess differences for demographic characteristics in twins with and without urological
symptoms. GEE models adjust standard error estimates to account for correlation within twin
pairs[22].

Wright et al. Page 3

Gen Hosp Psychiatry. Author manuscript; available in PMC 2011 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Our analytic approach was to first estimate the overall association between psychological
distress indicators and urological symptoms in all female twins, and then estimate the within-
pair effects (i.e., comparison of the twin who is positive for urological symptoms to the co-
twin who is not) that are adjusted for familial influences. Because twin pairs share a similar
family environment and a portion of their genes (100% in monozygotic and on average 50%
in dizygotic pairs), within-pair estimates are adjusted for familial and some genetic influences.
If within-pair associations are attenuated and rendered non-significant compared to the overall
effect obtained in our initial regression analyses, we can conclude that familial factors
contribute to these associations. Alternately, a within-pair association that remains robust
compared to the overall effect provides evidence that familial factors do not play a prime role
in the association between psychological distress and urological symptoms.

We used GEE ordinal logistic regression to examine the association between psychological
distress and urological symptoms. We first modeled the overall associations between
psychological distress and urological symptoms in all twins. We adjusted for age as a potential
confounder by including it as an independent variable in regression models. We report age-
adjusted odds ratios (OR) and 95% confidence intervals (CI) that compare the odds of more
versus less psychological distress in twins with urological symptoms to the odds in twins
without urological symptoms. These overall analyses did not control for shared familial factors.
Next, we conducted a second set of regression analyses that used the additional information
on familial factors available in the twin sample. We examined the within-pair associations
between psychological distress and urological symptoms after adjusting for the between-pair
effect[23]. We used Stata/SE 10.1 software (StataCorp; College Station, TX) for all statistical
analyses.

RESULTS
The health survey was mailed to 2,188 female twins, of which 1,419 (65%) returned a
completed survey. Of these, 254 were excluded from analyses because they had a male co-
twin, leaving 1,165 female twins. Table 1 describes the characteristics of the sample as a whole,
and stratified by urological symptom classification. The mean age of the twins was 36 years,
64% were monozygotic, 87% were White, 48% were married or living with a partner, 43%
obtained at least a bachelor's degree, and 26% had a household income of $80,000 or higher.
Nearly 8% of the sample was positive for urological symptoms based on two out of three
questions. Twins with urological symptoms were older (p < 0.01) and with less education (p
< 0.05) than twins without symptoms. The groups did not differ in zygosity, race/ethnicity,
marital status, or income.

Figure 1 depicts the distribution of psychological distress scores by urological symptom status.
Although the majority of twins denied any PTSD or depression symptoms, a larger proportion
of twins positive for urological symptoms were in the higher distress categories for both PTSD
(e.g., 24% versus 7% in the highest quartile) and depression (e.g., 26% versus 8% in the highest
quartile). The anxiety and perceived stress scores were more evenly distributed across distress
categories, however, twins positive for urological symptoms were overrepresented in the
highest distress categories for both anxiety (44% versus 18%) and perceived stress (45% versus
21%).

Table 2 presents the age-adjusted ORs and 95% CIs for the overall and within-pair associations
between psychological distress indicators and urological symptoms. The overall analyses
revealed significant associations of PTSD symptoms, depression, anxiety, and perceived stress
with urological symptoms. Compared to twins without urological symptoms, twins with
urological symptoms were 3.1 – 3.9 times more likely to have higher levels of psychological
distress. After adjusting for familial factors in the within-pair analyses, the relationships with
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depression and anxiety were diminished. The associations with PTSD (OR = 2.2; 95% CI =
1.3 – 3.5) and perceived stress (OR = 2.2; 95% CI = 1.2 – 3.8) were attenuated but remained
significant.

DISCUSSION
In this study, twins with urological symptoms experienced greater psychological distress,
namely higher levels of PTSD, depression, and anxiety symptoms, and perceived stress, than
their counterparts without urological symptoms. These findings from a community-based
sample are consistent with reports from clinical populations that compare rates to healthy
controls[2]. The prevalence of urological symptoms among the twins was 7.8%, falling within
the limits of previously reported estimates from community studies of women[24-26]. Further,
the twins without urological symptoms reported comparable rates of psychological distress to
the general population [27]. Because our findings from a community-based sample were
consistent with previous studies of clinical patients, it is likely that the increased rates of PTSD,
depression, anxiety, and perceived stress seen in clinical samples with IC/PBS are not an artifact
of clinical ascertainment. .

This is the first study of psychological distress and urological symptoms in twins. After
adjusting for shared familial factors, we found that the relationship between depression and
anxiety and urological symptoms were diminished, consistent with familial factors partially
explaining these relationships. These findings also are consistent with the role of familial
factors in the association of psychological distress and other unexplained pain conditions, such
as chronic widespread pain, temporomandibular joint disorder, and migraine headaches
[28-30]. Greater concordance rates for IC/PBS among monozygotic twins has been reported
[7] and common genetic factors may explain the co-occurrence between IC/PBS and anxiety
disorders[3,6]. Specifically, a chromosome 13 syndrome characterized by a mutation in one
or more genes has been described that may increase vulnerability to several conditions,
including panic and other anxiety disorders, IC/PBS, mitral valve prolapse, thyroid problems,
and chronic headaches[3]. Our findings are consistent with these reports of a familial influence
between urological symptoms and anxiety disorders; however, this was only a partial
explanation.

The associations between PTSD and perceived stress and urological symptoms remained
significant even after controlling for familial factors, suggesting that unique environmental
factors made further contributions. These significant relationships even after controlling for
familial factors indicate environmental factors such as trauma, chronic environmental stress,
or medical illness may play a role, perhaps by increasing urological symptoms or altering pain
processing. In addition, lifestyle factors, such as poor coping, deficient self-care, or reduced
physical activity may increase pain perception as well as psychological distress levels. Taken
together, these findings are consistent with prevailing theories on the multi-faceted nature of
IC/IBS[31]. Thus, our findings support the need for a comprehensive evaluation of patients'
urological symptoms as well as psychosocial and environmental needs.

This study had several limitations. First, self-reported assessment of urological symptoms was
sub-optimal and may not accurately correlate with clinical diagnosis of IC/PBS. Second, our
sample was predominately White, female, and educated, thus limiting the generalizability of
our findings to other populations. Third, brief screening measures for psychological distress
may yield false positive cases of true psychiatric conditions, especially in nonclinical
populations. While the rates of positive screens in the overall sample were comparable to results
found in primary care samples[14], our findings should be replicated by using more detailed
diagnostic interviews with independent clinician ratings. Fourth, although our findings showed
that only the association between PTSD and perceived stress and urological symptoms
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remained significant after controlling for familial factors, the within-pair findings for
depression and anxiety approached significance. This suggests that these results may have been
hampered by sample size constraints and reduced power and should be replicated with a larger
sample of twins. Fifth, the conditions assessed were based on different time scales (i.e.,
urological symptom were current, whereas psychological distress was assessed for the last four
weeks) and age of onset of these conditions were not assessed. Therefore, we were not able to
examine the temporal sequence of urological and psychological symptoms. Finally, the
psychological distress measures we used likely overlap, hence the results need to be interpreted
with caution.

In sum, in our large community-based sample of twins we found psychological distress
indicators were consistently related to urological symptoms, an observation explained by
shared familial influences and as yet undetermined environmental factors. The confluence of
psychological distress, increased symptom severity, and higher rates of disability [32] among
individuals with urological and IC/PBS symptoms highlight the need for a biopsychosocial
treatment approach. Cognitive-behavioral and self-care interventions have resulted in short-
term improvements in IC/PBS symptoms[33]. Future research should examine the possible
genetic, environmental, and central nervous system mechanisms that may explain the link
between psychological distress and IC/PBS symptoms and can contribute to improved
diagnosis and treatment in this population.
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Figure 1.
Distribution of categorized psychological distress scores by urological symptom status.

Wright et al. Page 9

Gen Hosp Psychiatry. Author manuscript; available in PMC 2011 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Wright et al. Page 10

Table 1

Characteristics of female twins in the University of Washington Twin Registry health survey.

All Twins Urological Symptoms

Characteristics (n = 1,165)
Yes

(n = 91)
No

(n = 1,074)

Age, mean years (SD)** 36 (15) 41 (17) 36 (15)

Monozygotic, % 64 73 63

White, % 87 85 87

Married or living with a partner, % 48 53 47

Education, %*

 Less than high school graduate 3 7 2

 High school graduate 10 13 9

 Some college, no degree 33 29 34

 Technical/vocation school graduate 12 20 12

 Bachelor's degree or higher 43 32 43

Annual household income, %

 < $20,000 21 26 21

 $20,000 – $39,999 22 27 21

 $40,000 – $59,999 18 20 17

 $60,000 – $79,999 13 9 14

 ≥ $80,000 26 19 27

**
p < 0.01;

*
p < 0.05 signifies significant differences between those with and without urological symptoms.
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Table 2

Odds ratios and 95% confidence intervals for the age-adjusted associations between psychological distress
indicators and urological symptoms in female twins.

Overall Within-pair*

Psychological Distress OR (95% CI) OR (95% CI)

Posttraumatic stress disorder symptoms 3.9 (2.6 – 5.8) 2.2 (1.3 – 3.5)

Depression 3.1 (2.0 – 5.0) 1.6 (0.8 – 3.0)

Anxiety 3.4 (2.3 – 5.2) 1.8 (1.0 – 3.3)

Perceived stress 3.2 (2.1 – 4.9) 2.2 (1.2 – 3.8)

OR = odds ratio; CI = confidence interval

*
Adjusted for familial contributions;
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