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Abstract

Objectives—Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) is characterized by
pain and voiding symptoms in the absence of an obvious infection or other cause. CP/CPPS
frequently occurs with non-urological chronic overlapping pain conditions (COPCs) of unknown
etiology. We conducted a co-twin control study in men discordant for chronic prostatitis (CP), an
overarching diagnosis of which approximately 90% is CP/CPPS. The primary aim was to
investigate the contribution of familial factors, including shared genetic and common
environmental factors, to the comorbidity of CP and COPCs.

Methods—Data from 6824 male twins in the Vietnam Era Twin Registry were examined to
evaluate the association between self-reported lifetime physician diagnosis of CP with COPCs
including fibromyalgia, chronic fatigue syndrome, irritable bowel syndrome, temporomandibular
disorder, tension headaches, and migraine headaches. Random effects logistic regression models
were used and within-pair analyses evaluated confounding effects of familial factors on the
associations.

Results—There were significant associations between CP and all 6 examined COPCs. After
adjusting for shared familial influences in within twin pair analyses, the associations for all
COPCs diminished but remained significant. Familial confounding was strongest for the
association of CP with fibromyalgia and temporomandibular disorder and smallest for irritable
bowel syndrome.
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Conclusions—CP and COPCs are highly comorbid. These associations can be partially
explained by familial factors. The mechanisms underlying these relationships are likely diverse
and multifactorial. Future longitudinal research can help to further elucidate specific genetic and
environmental mechanisms and determine potentially causal relationships between CP and its
comorbidities.

Keywords

chronic prostatitis; chronic pelvic pain syndrome; lower urinary tract symptoms; discordant twins;
comorbidity; twin research; chronic fatigue syndrome; temporomandibular joint disorder;
fibromyalgia; irritable bowel syndrome; migraine headaches

Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) is characterized by pain in the
pelvis, genitals, perineum, and pubic area, and is frequently associated with various urinary,
ejaculatory, or sexual disturbances (1-3). CP/CPPS symptoms affect 1.8-10.4% of men in
different populations worldwide (4-8), representing the leading reason for urological
outpatient consultations for men under age 50 (9). Men with CP/CPPS have a poor quality of
life that is similar to men following acute myocardial infarction or suffering from
inflammatory bowel disease (10, 11). CP/CPPS is associated with lower functional status as
measured by the Short Form -12 (12), with patients having scores lower than those of
patients with severe diabetes or congestive heart failure (10), and similar to those with
Crohn’s disease, angina, or myocardial infarction (11).

Factors such as infection, inflammation, neurological and immune dysfunction, and prostatic
obstruction or edema have been linked to CP/CPPS (13, 14), but none of these factors has
been established as the etiology of the vast majority of cases. A small number of studies
directly linked CP/CPPS with other unexplained urological syndromes and non-urological
chronic overlapping pain conditions (COPCs), finding high levels of comorbidity (15).
Recent research suggests that COPCs, particularly fibromyalgia (FM), chronic fatigue
syndrome (CFS), and irritable bowel syndrome (IBS), share many demographic, clinical,
and psychosocial features, as well as pain-related subjective and objective features, possibly
reflecting common underlying mechanisms and/or pathophysiology (15, 16).

Studies that explicate mechanisms underlying the association of CP/CPPS and COPCs
represent one approach to better understand CP/CPPS (17). While the source of the
association between CP/CPPS and COPCs is not fully understood, one hypothesis is that
there is a common underlying familial liability to CP/CPPS and many of the COPCs.
Because twin pairs discordant for a condition are matched on a large number of potential
confounders (i.e., 100% shared common family environment in both monozygotic (MZ) and
dizygotic (DZ); 100% shared genes in MZ, and an average of 50% shared genes in DZ), co-
twin control studies provide a powerful method for investigating the potential role of familial
(shared genetic and common environmental) factors in the association between the condition
and its comorbidities. We conducted a co-twin control study in male twins discordant for
chronic prostatitis (CP), an overarching diagnosis of which approximately 90% is CP/CPPS
(18). The aims of this study were to: 1) examine the association of CP with COPCs in
middle-aged male twins; and 2) examine the influence of familial factors on the CP-COPCs
associations through a within-pair co-twin control analysis. Associations of CP with chronic
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back and joint pain were conducted to contextualize the findings. We hypothesized that the
comorbidity between CP and COPCs would be at least partially explained by familial
factors.

Materials & Methods

Population

Procedures

Measures

The Vietnam Era Twin (VET) Registry is an ongoing study of male twin pairs born between
1939 and 1957 who both served in the U.S. military from 1965-1975 (19, 20). In the 1980’s
U.S. Department of Veterans Affairs established the VET Registry to evaluate the health-
related consequences of Vietnam service. With approximately 7,500 twin pairs, the Registry
is one of the largest twin registries in the U.S. Initial contact occurred in 1987 when
demographic information, health assessment, and zygosity evaluation occurred. The VET
Reqgistry has been described in detail previously (20, 21).

Between 2010 and 2012, living VET Registry twins were contacted for participation in VA
Cooperative Study #569, “The course and consequences of post-traumatic stress disorder in
Vietnam-era Veteran twins.” This study’s primary purpose was to examine long-term health
many decades after discharge from active duty. A wide-range of physical and mental health
dimensions were obtained using a mailed questionnaire, including questions on CP and
COPCs. An initial contact letter was mailed to eligible twins inviting participation in the
study. Because of the size and scope of the study, data collection was done under contract by
Abt SRBI, Inc., a survey research organization. The Veterans Administration Central
Institutional Review Board approved the protocol and participants provided informed
consent. The Research and Development Committee at VA San Diego Healthcare System
approved the current analyses.

Demographics and Zygosity—Age, race (White versus non-White), and Hispanic
ethnicity were available from the Registry database. Current marital status, and years of
education were obtained as part of the mailed questionnaire. Zygosity was assigned using an
algorithm based on childhood similarity questions that have been shown to be more than
95% accurate compared to DNA-based zygosity (22).

Self-Reported CP and COPCs—The questionnaire assessed physical health conditions
related to functioning and disabilities commonly seen in middle-aged men. Due to concerns
regarding questionnaire length that might reduce response rate, we focused on self-reported
lifetime physician-diagnosed CP and COPCs as opposed to symptom-based standardized
questionnaires. As a result, we were able to assess the more general diagnostic category of
CP instead of CP/CPPS. Twins were asked, “Have you ever been told by a doctor or other
health professional that you had ...” followed by a list of conditions including CP, FM, CFS,
IBS, temporomandibular disorder (TMD), tension headaches, and migraine headaches.
COPCs were based on those of interest to the Multidisciplinary Approach to the Study of
Chronic Pelvic Pain (MAPP) Research Network (23). Additional health conditions were
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assessed by asking, “Have you ever had any of the following health problems...,” followed
by a list of conditions including chronic back and joint pain.

Data Analyses

Results

Means and standard deviations (SD) were calculated for continuous variables and
percentages for categorical variables. Since MZ and DZ twins did not differ in their
prevalence rates of CP or any of the COPCs or chronic pain conditions, all study analyses
were conducted with MZ and DZ pairs combined. Combining MZ and DZ twins in the
absence of zygosity differences is common in discordant twin studies (24, 25). We followed
a multiple step analytic procedure to examine the association of CP and COPCs and
determine if evidence of familial confounding exists (26). First, we evaluated the association
between CP and COPCs treating twins as individuals. A series of random effects logistic
regression models were used to account for the lack of independence of twin pair members.
This “individual- level” analysis produced measures of association equivalent to that seen in
unrelated singletons. Odds ratios (OR) and 95% confidence intervals (95% CI) were
calculated after adjusting for the potential confounding influence of age. Next, using twin
pairs discordant for CP we conducted within-pair analyses of the association of CP and each
of the COPCs, estimating matched -pair ORs and 95% Cls for each association of CP with
COPCs.

Importantly, the within-pair ORs are free from confounding due to familial factors (genetic
and common environmental factors shared by co-twins) while individual- level ORs are
unadjusted for these influences. Examining the within-pair and individual-level estimates
can reveal the influence of familial factors on the comorbidity between CP and COPCs. If
individual-level and within-pair results are of a similar magnitude, then little to no familial
confounding is inferred. A pattern of smaller within-pair effects in comparison to individual-
level effects would be consistent with the interpretation that familial factors play a
confounding role in the relationship between CP and COPCs.

The confounding risk ratio (RR), a ratio of the individual- level OR to the within-pair OR,
was calculated to provide an indication of the magnitude of confounding by genetic/shared
familial factors. A confounding RR = 0 reflects the extent that familial confounding factors
account for the individual- level association, while a value of 1 suggests that confounding
factors have no effect on the individual- level association. All analyses were conducted using
R version 3.3.1 (27).

Of 10,539 twins who were alive, locatable, and eligible, 7,079 (67%) returned completed
questionnaires. The analytic dataset included 6,824 individuals with known zygosity (4,025
MZ; 2,799 DZ) and 6,133 had CP data; 4,680 individuals were members of complete pairs.
Table 1 presents the demographic characteristics of the analytic sample and by CP status.
Consistent with the VET Registry sample, participants were predominantly middle-aged
(mean = 61.1 years, SD = 3.1, range 53-73), White (92.9%), and non-Hispanic (97%). Most
were either married or widowed (79.8%) and had at least some college education (70%).
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Table 2 presents the lifetime physician-diagnosed prevalence rates for the complete sample
and according to CP status. A total of 94 individuals (1.5%) reported a lifetime diagnosis of
CP. The lifetime prevalence for COPCs ranged from 1.6% for FM to 9.4% for tension
headaches. Approximately one quarter reported chronic back and joint pain. Individuals with
CP reported higher rates for each of the COPCs than individuals without CP.

Overall, 59 twin pairs were discordant for CP, meaning that one member reported a lifetime
CP diagnosis while the other member did not. Table 3 presents the ORs and Cls for the
overall individual- level and within- discordant pair association of CP with COPCs.
Individual-level analyses produced highly significant associations of CP with all 6 COPCs.
Compared with non-CP individuals, twins with CP were 18-121 times more likely to report
COPCs. The largest associations were seen for FM (OR: 121.21, 95% CI: 72.49 — 202.65)
and CFS (OR: 106.72, 95% CI: 31.72 — 359.08); smaller, but still large association, was
observed for tension headaches (OR: 18.12, 95% CI: 9.81 — 33.47). These results were
replicated in a subsample of all 4,680 complete twin pairs (not presented). Within-pair
analyses revealed ORs that remained significant but were substantially attenuated.
Compared to their non-CP co-twins, CP co-twins were 6-to >30 times more likely to report
COPCs. CFS analyses could not be carried out due to empty cells. Familial confounding
RRs indicated substantial confounding for FM and TMD and modest confounding for IBS.
In contrast to the COPCs, the individual- level and within-pair associations of CP with
chronic back and chronic joint pain were not significant, though still evidenced modest
familial confounding.

Discussion

In this sample of nearly 7,000 middle-aged male twins, we found that twins with self-
reported lifetime physician-diagnosed CP were more likely to report each of the examined
COPCs than twins without CP. These substantial associations of CP with COPCs are
consistent with previous research suggesting a high degree of comorbidity for unexplained
somatic syndromes in women (15). Availability of the VET Registry data, allowed us to
extend this body of research to include comorbidity of COPCs and CP in men, especially
with regards to comorbidity with conditions like TMD that have not been previously
examined in men. Our results also are unique because our co-twin control design allowed us
to control for shared familial factors in these associations. We found evidence that familial
factors, either genetic or shared environmental risk factors, may play a large role in the
relationship of CP and COPCs.

Our findings on the robust link between CP and COPCs in middle-aged men are consistent
with community and clinic-based studies that suggest substantial comorbidity between CP/
CPPS and COPCs, especially IBS (15). Recent studies from the MAPP Research Network
also indicate that patients with comorbid urological chronic pelvic pain (including CP/CPPS
and interstitial cystitis/painful bladder syndrome) and COPCs have worse urological
symptoms than those with urological chronic pelvic pain alone (28). Although COPCs are
typically more common in women (28), our results combined with the literature on the
potentially increased morbidity of comorbid CP and COPCs highlight the need to
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comprehensively evaluate multiple conditions in men with urological chronic pelvic pain
who present for clinical care.

We found a consistent pattern of attenuated associations for within-pair estimates compared
to the individual- level estimates in all examined COPCs, suggesting that either genetic or
shared environmental risk influences may partially explain the relationship of CP and
COPC:s. It should be noted that while some of the ORs were very large, and should be
interpreted with some caution, the 95% Cls capture a wide range of possible population
values due to the low prevalence of CP and COPCs in our sample. Despite this, a
conservative comparison of the lower values of the Cls across individual- level and within-
pair results maintain a similar pattern of attenuation. This pattern of attenuated within-pair
findings is consistent with the interpretation that familial factors play a significant role in the
relationship between CP and FM, IBS, TMD, tension headaches, and migraine headaches.
Although there are no heritability studies of CP/CPPS, heritability of chronic pelvic pain has
been estimated at 46% (29). Genetic influences also have been reported for most COPCs
examined in this study, with heritability estimates ranging from 25% for IBS to 27% for
TMD, and 49% for migraine headaches (30, 31). Our results on the attenuation of within-
pair effects are consistent with recent twin studies examining the association of COPCs and
urological chronic pain conditions in women (29, 32). We found the highest confounding
RRs for FM and TMD, providing evidence that the associations of CP with FM and TMD
were substantially confounded by familial factors. The lowest confounding RR was for IBS,
where despite some attenuation of effects indicating partial familial confounding, the within-
pair estimate of the association between CP and IBS remained. Within-twin pair associations
that persist suggest that a causal effect of exposure on the outcome is possible given other
conditions of causation are met (33). These findings suggest that future research is needed to
better understand genetic and environmental mechanisms underlying the comorbidity of CP/
CPPS and other urological chronic pelvic pain conditions with COPCs, and to determine
potentially causal relationships.

One potential explanation for the familial liability between CP and COPCs is central
sensitization, or hyper-responsiveness of the central nervous system to a variety of inputs
such as pressure, temperature, light, and medication. Central sensitization may involve
several ‘top-down’ and ‘bottom-up’ mechanisms, and is increasingly viewed as the basis of
much chronic pain (34). Unlike acute pain, which is a response to potential or actual tissue
damage, chronic pain is often characterized by altered central nervous system function that
amplifies pain perception in the absence of tissue injury (35, 36). Evidence of central
sensitization has been observed in FM, CFS, TMD, and migraine headache (37, 38). Some
studies suggest that neurogenic inflammation and central sensitization, rather than ongoing
prostate disease, may be important in the pathophysiology of CP/CPPS (38). Our findings fit
with these potential pathogenic mechanisms. Future research is needed to estimate the
heritability of central sensitization, CP and COPCs. Clinical studies also are needed to
determine if therapies to treat COPCs and central sensitization improve outcomes for
selected patients with urological chronic pelvic pain syndromes.

This study has important limitations. Our findings are limited by the use of self-reported
physician diagnoses of CP and COPCs which may have underestimated prevalence of the
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conditions. Future studies should validate our findings with more rigorously-defined patient
populations. Twins in this sample were 61 years old on average and may not have passed
through the risk period for CP/CPPS, which is known to be more prevalent with age (39).
Thus, some of the discordant pairs may become concordant with age, and some of the non-
CP pairs may become discordant with time. Rates of COPCs may also increase with age. We
do not have information on whether diagnosis of COPCs preceded diagnosis of CP or vice-
versa. Future studies should examine the association of CP and COPCs over time. Finally,
the number of discordant MZ and DZ twins was too small to allow evaluation of the relative
contribution of genetic versus shared environmental factors contributing to the comorbidity
between CP and COPCs. Discordant twin designs of low prevalence conditions such as CP
face an inherent challenge of identifying a sufficient number of informative twin pairs.
Combining data across studies is one potential way of addressing this limitation in the
future.

In summary, we found a high level of comorbidity and familial confounding for CP and
multiple COPCs. These results suggest that the relationship between CP and COPCs may be
partially a function of familial liability suggesting that these conditions may have some
overlap in the genetic or shared environmental factors that contribute to their comorbidity.
Shared environmental influences which contribute to similarities in developmental outcomes
among the twins may include /n utero environment and early life factors such as family
environment, diet, and socioeconomic status. The mechanisms underlying these
relationships between genetic and environmental influences are likely diverse and
multifactorial and could, in theory, contribute to the central sensitization processes discussed
earlier. Future longitudinal research is needed to elucidate genetic and environmental
mechanisms and to determine potential causal relationships between CP and its
comorbidities. Finding a high degree of comorbidity among CP and COPCs in this large
population of middle-aged twins underscores the need to comprehensively evaluate and
address multiple conditions in patients presenting with chronic pelvic pain.
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Highlight
. Chronic prostatitis and non-urological chronic overlapping pain conditions
are comorbid.
. These associations can be partially explained by familial factors.
. Potential shared genetic influence should be investigated in the future.
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Demographic characteristics for the entire sample and by chronic prostatitis (CP) status.

Table 1

Overall Sample CP no CP yes *
N = 6824 n = 6039 n=94

Age as of Jan 2011, M + SD 61.1+3.1 61.0+31 62.0%3.2 0.007

Education, % 0.01
< High School 5.0 4.8 4.4
HS Grad 25.0 24.7 19.8
Some College 31.0 31.1 154
College + 39.0 39.4 60.4

Race, % 0.17
White 92.9 93.2 96.8
Non-white 7.1 6.8 3.2

Ethnicity, % 0.16
Hispanic 3.0 2.9 5.3
Non-Hispanic 97.0 97.1 94.7

Marital Status, % 0.92
Married/Widowed 79.8 80.2 80.6
Not Married 20.2 19.8 19.4

Note:

*
p-values are from 2-sided T-test for means, and - 2 tests for binary or categorical variables
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Table 2

Overall prevalence rates of lifetime self-reported physician-diagnosed conditions for the entire sample and by
chronic prostatitis status.

Prevalence (%)

Diagnosis Overall Sample CP no CP yes P
N = 6824" n=6039" n=94"

Chronic Prostatitis 94/6133 (1.5) - - -

COPCs
FM 101/6148 (1.6) 53/6012 (0.9)  44/91 (48.4) <.001
CFS 14216161 (2.3) 96/6025 (1.6)  43/92 (46.7) <.001
IBS 268/6163 (4.3)  212/6025 (3.5)  47/92 (51.1) <.001
TMD 217/6164 (3.5) 162/6024 (2.7) ~ 47/92 (51.1) <.001

Tension Headaches 580/6172 (9.4) 510/6018 (8.5) 43/92 (46.7) <.001

Migraine Headaches ~ 474/6174 (7.7) 412/6025 (6.8)  41/92 (44.6) <.001
Other Pain Conditions

Chronic Back Pain ~ 1733/6444 (26.9)  1552/5954 (26.1)  33/93 (35.5)  0.04

Chronic Joint Pain ~ 1532/6413 (23.9)  1374/5939 (23.1)  29/92 (31.5)  0.06

Note: CP = chronic prostatitis; FM = fibromyalgia; CFS = chronic fatigue syndrome; IBS = irritable bowel syndrome; TMD = temporomandibular
disorder; COPCs= chronic overlapping pain conditions.
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*

Denominators differ from total N due to missing data.
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