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Abstract

Purpose—Symptoms of urinary irritation, urgency, frequency, and obstruction, known as lower
urinary tract symptoms (LUTS), are common in urological practice. However, little is known
about the etiology or pathogenesis of LUTS, especially the relative contributions of genetic and
environmental factors to development of these symptoms. We used a classical twin study design to
examine the relative contribution of genetic and environmental factors to the occurrence of LUTS
in middle-aged men.

Materials and Methods—Twins were members of the Vietnam Era Twin (VET) Registry. We
used a mail survey to collect lower urinary tract symptoms (LUTS) using the International Prostate
Symptom Score (I-PSS) instrument. Twin correlations and biometric modeling was used to
determine the relative genetic and environmental contributions to variance in I-PSS total score and
individual items.

Results—Participants were 1,002 monozygotic and 580 dizygotic middle-aged male twin pairs
(mean age = 50.2 years; S.D. = 3.0 years). Nearly 25% of the sample had an I-PSS score > 8,
indicating at least moderate LUTS. The heritability of the total I-PSS was 37% (95% CI =
32-42%). Heritability estimates ranged from 21% for nocturia to 40% for straining, with moderate
heritability (34—36%) for urinary frequency and urgency.

Conclusions—Genetic factors provide a moderate contribution (20-40%) to LUTS in middle-
aged men, suggesting that environmental factors may also contribute substantially to LUTS.
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Future research is needed to define specific genetic and environmental mechanisms that underlie
the development of these symptoms and conditions associated with LUTS.

Keywords
Lower Urinary Tract Symptoms; heritable quantitative traits; Twins

Conditions such as urinary incontinence, overactive bladder, benign prostatic hyperplasia,
interstitial cystitis/bladder pain syndrome, and chronic prostatitis/chronic pelvic pain
syndrome are prevalent, comorbid, disabling, and without clear etiology.! Non-specific
symptoms of irritation, urgency, frequency, and obstruction known as lower urinary tract
symptoms (LUTS) are common features of many of these conditions. LUTS are associated
with increased rates of depression, sleep problems, sexual dysfunction, lower work
productivity, and decreased quality of life.2 3 Prevalence of severe LUTS increases with
age,* ° such that 30-40% of men report symptoms by 80 years of age.? 6 Because of the
aging US population, it is projected that over 21 million men will have LUTS by 2025.7
Given their high prevalence and impact on daily functioning, LUTS present a significant
public health and economic burden.8

Despite their prevalence and significance, little is known about the etiology of LUTS.2: 6
Classical twin studies represent a powerful approach to identify potential mechanisms
underlying clinical syndromes and symptoms. Twin studies have provided insights into the
epidemiology, etiology, pathophysiology, and natural history of conditions as diverse as
multiple sclerosis, cardiovascular disease, schizophrenia, and type 11 diabetes.® Because
monozygotic (MZ) twins share all of their genes while dizygotic (DZ) twins share, on
average, half of their genes, twin correlations for LUTS in MZ and DZ twins provide insight
into the relative importance of genetic (i.e., heritability) and non-genetic environmental
factors.

Few twin studies have examined heritability of urinary symptoms, likely because these types
of studies require access to large registries of twin pairs. One study using data from female
twins in the Swedish Twin Registry found a moderate genetic influence for susceptibility to
urinary incontinence and nocturia (i.e., 34% heritability), but showed that shared
environmental factors seem more important for predisposition to overactive bladder.10
Another female twin study from the Swedish Twin Registry estimated heritability of stress
urinary incontinence and pelvic organ prolapse as 41% and 43%, respectively.1l A female
twin study from the Danish Twin Registry estimated the heritability of urge incontinence at
42% among middle-aged women and 49% among women 70 years and older.12 Two studies
on benign prostatic disease in male twins reported moderate heritability of symptoms but
were limited by small sample size and neither used biometric modeling.13 14 One previous
study examined concordance rates of total LUTS scores in male twins but did not evaluate
individual symptom heritability through direct biometric modeling.1®

The current study used biometric modeling techniques with data from the large Vietnam Era
Twin (VET) Registry to evaluate heritability of recent LUTS in middle-aged men. We used
this large and genetically informative twin sample to test the hypothesis that additive genetic
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factors (i.e., heritability) provide an important contribution to the occurrence of LUTS in
men.

Materials & Methods

Participants

The VET Registry was established by the U.S. Department of Veterans Affairs in the 1980°s
to evaluate the long-term consequences of service in Vietnam. The Registry consists of
nearly 7,500 male-male twin pairs born between the years 1939 and 1957 who both served
in the military during 1965-1975.16 The VET Registry is one of the largest US twin
registries with participants in all 50 states. Initial contact with the twins occurred in 1987
when basic demographic information, health assessment, and zygosity evaluation occurred.

In 1999, a male health survey was mailed to 10,762 active VET Registry members (4,636
pairs). With two mailed follow-ups, a response rate of 49.8% (5,361 individuals; 1,621 pairs)
was achieved. Consistent with other twin studies, the response rate was marginally higher
among MZ (51.2%) than DZ twins (49.1%). Pairs with complete LUTS information from
both twins were included in the present study, leading to an analytic sample of 1,582 pairs
(1,002 MZ and 580 DZ). Survey procedures were approved by the Hines VA Cooperative
Studies Program Coordinating Center Human Subjects Committee and the use of data for
this study was approved by Institutional Review Boards at VA Puget Sound Healthcare
System (where the VET Registry is now situated), the University of California, San Diego,
and the VA San Diego Healthcare System.

Zygosity assessment

Measures

Analyses

Zygosity was assigned based on childhood similarity questions using a multi-step process.
This assignment was validated against DNA assessment in a subset of twin pairs.1’

Self-reported socio-demographic factors assessed included age, race, ethnicity, and marital
status. Participants completed the International Prostate Symptom Score (1-PSS), a validated
self-report measure of LUTS that assesses seven common symptoms associated with urinary
dysfunction during the past month.18 Incomplete emptying, frequency, intermittency,
urgency, weak stream, and straining are assessed on a 0- to-5 scale, ranging from, “not at
all,” to, “almost always.” Nocturia is assessed by the number of times a person had to get up
in a typical night, with a scale ranging from 0 to 5. These seven I-PSS items are identical to
questions appearing on the American Urological Association Symptom Index and were used
in the current analyses. Total scores range from 0-to-35 (i.e., asymptomatic to very
symptomatic) and are classified as mild (< 8), moderate (8-19), or severe (20-35).

We first calculated means and standard deviations (SD) or percentages for study variables
for the entire sample and for individuals above and below an I-PSS total score of 8 (e.g.,
mild versus moderate-or-severe LUTS), to consider if any of the socio-demographic factors
should be used as covariates in further analyses. The interrelationships of the individual I-
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PSS items were examined using polychoric correlations. Biometrical genetic twin data
analysis first estimated the within pair correlations for each I-PSS items and the total I1-PSS
in MZ and DZ pairs. Greater similarity in MZ than DZ twin correlations suggests genetic
influence. Using structural equation modeling we then estimated additive genetic (A), shared
environmental (C), and non-shared environmental (E) variance components for the 1-PSS
items and total score (Figure 1). ACE estimates and 95% confidence intervals (CI) were
obtained by fitting structural equation models to the raw data. Overall model fit was
evaluated using the chi-square (Xz) goodness-of-fit statistic with non-significant XZ values
suggesting adequate fit. To obtain a parsimonious solution, nested models (AE and CE) were
fit to the data then compared to the full model (ACE). Non-significant XZ difference
suggests that the reduced model could be accepted without a substantial loss of fit to the
data. Akaike’s Information Criterion (AIC; XZ - 2df19), a measure that balances goodness-
of-fit relative to model parsimony, was used to further evaluate model fit (model fit
information is available as an on-line supplemental table). Models were fit to the raw data
using full information maximum-likelihood in OpenMx, a structural equation modeling
program.20

Table 1 presents socio-demographic findings for all twins and by I-PSS status (< 8 or =8).
The 3,164 men were middle-aged (mean = 50.2 + 3.0 years of age, range = 42 — 60). The
majority (71.5%) had some college education, were white (94.3%), and married or widowed
(80.2%). Qverall, 777 participants (24.6%) scored = 8 on the I-PSS. Twins with I-PSS scores
above and below 8 were similar in age, education, race, ethnicity, or marital status.

Table 2 shows the proportion of twins reporting each 1-PSS symptom at least half of the time
within the past month. Urinary frequency was the most common symptom (18%) and
straining was the least common (3.5%). Nocturia was reported by 15.2% as occurring three
or more times per night within the preceding month.

Table 3 provides the polychoric correlations among the 1-PSS symptoms. There were strong
correlations between the logically related symptoms of weak stream, straining, and
intermittency (r=0.75to 0.70, ps <.001). There were weaker but significant correlations
between nocturia and other I-PSS symptoms (r=0.29 to 0.39, ps < .001).

Table 4 presents the results of MZ and DZ twin correlations and the best-fitting most
parsimonious biometrical genetic models. Within-pair MZ twin correlations for each of the
individual symptoms and the I-PSS total score were twice as large as those for DZ twins,
suggesting genetic influence. Biometrical genetic models showed the strongest relative
additive genetic contribution (i.e., heritability) in the symptoms of straining (40%) and
intermittency (39%). Moderate heritability was found for symptoms of urgency (36%), weak
stream (36%), frequency (34%), and incomplete emptying (33%). Nocturia (21%) had the
lowest heritability estimate. The remaining variance for all symptoms could be attributed to
non-shared environmental influences and measurement error (E). Analyses for the total I-
PSS score showed a similar pattern with moderate heritability (37%). None of the best-
fitting models included shared environmental influences (C).
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Discussion

This is the first twin study using biometric genetic analyses to examine heritability of LUTS
in men. Classical twin studies have proven valuable in estimating the importance of genetic
and environmental influences on complex traits and diseases, comorbidity among
conditions, and the interaction between genes and environment across the life course. Only
classical twin studies with biometric model fitting approaches can provide simultaneous
estimates of the relative contribution of genes and environment to a phenotype.

Prevalence rates and correlations among LUTS symptoms in our twins closely resemble
reports from other community-based samples.* 6: 21 We found that 24.6% of the middle-
aged men in our sample reported recent moderate or severe LUTS based on the I-PSS cutoff
of =8, which is nearly identical to rates found in men of the same age group in the Boston
Area Community Health (BACH) survey.* These findings suggest that our community-based
twin sample was similar to the population-based sample of the BACH survey and support
the validity of our findings.

More importantly, we found a moderate and significant contribution of genetic factors to
phenotypic variance of recent LUTS in men, supporting our hypothesis. Estimates for these
symptoms were considered moderate compared to the heritability of conditions with known
pathophysiology such as type | diabetes (88%),22 but similar to other complex symptom-
based conditions that lack unequivocal physical examination or laboratory findings like
chronic pelvic pain (41%)23 and benign prostatic disease (39 — 49%).13: 14 The strongest
genetic effects were shown in straining, intermittency, frequency, urgency, and weak stream,
with the lowest genetic effect in nocturia. This variation in heritability combined with the
range of correlations between symptoms suggests that LUTS are related yet distinct
symptoms, perhaps with distinct etiologies. That is, genetic and environmental factors may
directly influence individual symptom differently. Given the increasing prevalence of LUTS
with age, heritability also may change over the life course with symptom variability
becoming more genetically-influenced with age. Further research should focus on
identifying shared and distinct risk factors as well as the moderating effects of age for each
symptom.

Our findings are largely consistent with the handful of studies on the heritability of urinary
problems in men and women,10-13. 24 phyt differ from one previous study that estimated a
genetic contribution of 72% based on concordance rates of total I-PSS scores in male
twins.1® Aside from methodological differences, one possibility that could account for our
differing estimates could be the age of the twin sample. The previous study estimated
heritability of LUTS in men 70 years or older, and may have been able to capture the
potentially moderating effects of age. Future longitudinal studies are necessary to be able to
evaluate this potential genetic amplification.

We found the lowest heritability for nocturia, whereas the only twin study that examined
nocturia in women found that symptom to have the greatest heritability (48%) amongst
symptoms they examined.10 It is likely that men and women with urological symptoms
differ on many characteristics. Previous studies were limited to one sex or to have used
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different assessment instruments, making direct comparisons difficult. Thus, the discrepancy
between our findings and the previous study might reflect actual differences between sexes,
in population selection, or assessment methods. The Multidisciplinary Approach to the study
of Pelvic Pain (MAPP) Research Network?> is one of very few large studies including large
numbers of men and women assessed using similar instruments and clinical approaches.
Findings from MAPP Network and other similar studies can shed light on potential sex
differences.

The etiology of LUTS is likely multifactorial and complex. Although this study does not
identify specific genetic and environmental factors that contribute to LUTS, it does provide
evidence for moderate genetic and large non-shared environmental contributions to LUTS in
men. There is some evidence that environmental factors such as diet are associated with
urinary health. For example, diets low in fat and red meat and high in vitamin C, protein and
vegetables have been linked to lower benign prostatic hyperplasia and LUTS

symptoms.26: 27 Obesity and high-energy intake have been associated with increased urinary
symptoms, with insulin and sex hormone metabolism potentially playing roles in these
relationships.28 Given the moderate heritability and substantial environmental influences,
future research should focus on identifying specific environmental risk factors that
contribute to the onset, severity, and course of LUTS. Additional studies can examine gene x
environment, epigenetic, or other biological mechanisms underlying the symptom
development and severity.

Our findings also are relevant to potential mechanisms underlying urological conditions with
unknown etiology. For example, urinary frequency and urgency are key symptoms of
interstitial cystitis/bladder pain syndrome (IC/BPS) in both men and women. There are no
twin or family studies of IC/BPS in men, but 2 recent studies in women found moderate
genetic contribution to 1C/BPS.2% 30 Future research should examine both genetic and
environmental contributions to IC/BPS and other urological conditions with LUTS in men
and women, to develop prevention and treatment strategies for these disabling conditions.

This study has important limitations. First, our sample was predominantly white, so findings
may not be relevant to other race and ethnicity groups. Second, the LUTS assessment was
based on a one-time self-report measure and provides only a snapshot in time. Given the
transient nature of LUTS and potential use of treatment at the time of our assessment, it is
possible that the rates of LUTS in our sample are conservative. Alternately, these rates were
consistent with other studies of men in their 50’s.* Examining the contribution of genes and
environment to LUTS over time would be important given potential changes in symptom
severity and potential increase with age. Third, we did not have access to data to examine
genetic and environmental overlap of LUTS with diabetes, prostate cancer, and other
conditions that are known to co-occur with LUTS. Finally, we were unable to directly
evaluate sex differences in the genetic and environmental contribution to LUTS. Future
research with large samples of both male and female twins would be important to determine
potential differences in the genetic and environmental mechanisms of LUTS.
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Conclusions

We identified a moderate contribution of genetic factors to the phenotypic variance of recent
LUTS. Environmental factors remain critical to the conceptualization and treatment of
LUTS. Understanding the heritability of these symptoms is important to elucidate the
underlying factors contributing to urinary conditions with unclear or overlapping etiology.
Future research should examine specific biological mechanisms and environmental factors
that contribute to the development of LUTS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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r(Mz) = 1.0, r(DZ) = 0.5

P1

Figure 1.

Page 10

P2

Path diagram of the classic twin design. The twin model decomposes phenotypic variance
into genetic and environmental components in monozygotic (MZ) and dizygotic (DZ) twins.
P1 represents the phenotype for the first twin and P2 the phenotype for the second twin.

Circles represent latent factors hypothesized to account for individual differences: A=

additive genetic influences, C= common, or shared, environmental influences, E = non-
shared, or unique, environmental influences. Curved, double-headed arrows represent the

correlation between twins.
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Table 1

Socio-demographics for all twins and by 1-PSS status

All Twins  Twinsw/ IPSS<8  Twins w/ IPSS > 8
(N=3,164) (n=2,387) (n=777)
Age, M £ SD 50.2+3.0 50.2+3.0 50.3+3.0
Education, %
< High School 18 18 20
HS Grad 26.7 26.9 26.0
Some College 42.3 42.0 43.3
College + 29.2 29.3 28.8
Race, %
White 94.3 94.1 94.6
Non-white 5.7 59 5.4
Ethnicity, %
Hispanic 2.7 2.8 2.6
Non-Hispanic 97.3 97.2 97.4
Marital Status, %
Married/Widowed 80.2 80.5 79.2
Not Married 19.8 19.5 20.8

1-PSS = International Prostate Symptom Score.
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Proportion of twins with 1-PSS symptoms present at least half the time during the past month

Table 2

I-PSS Symptom N

%

Incomplete emptying 215

Frequency 570
Intermittency 263
Urgency 213
Weak stream 257
Straining 110
Nocturia 479
1-PSS score > 8 77

6.8
18.0
8.3
6.7
8.1
35
15.2
24.6

1-PSS = International Prostate Symptom Score.
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