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Abstract

Background. Interstitial cystitis/painful bladder syndrome (IC) is a chronic pelvic pain
condition which has high comorbidity with other nociplastic, or unexplained, pain disorders
[e.g. fibromyalgia (FM), irritable bowel syndrome (IBS), and myalgic encephalomyelitis/
chronic fatigue (ME/CFS)] and some psychiatric conditions [major depressive disorder
(MDD) and panic disorder (PD)]. Here we investigated the shared familiality of IC and
these other nociplastic and psychiatric conditions.

Methods. Subjects were identified in the Utah Population Database, which links genealogy
data back to the 1800s to medical record diagnosis billing code data back to 1995. We com-
puted the relative risk of each of these disorders among first (FDR), second (SDR), and third-
degree relatives (TDR) of six proband groups: IC, FM, IBS, ME/CES, PD, and MDD. Given
the known familial aggregation of each of these disorders, we conducted our analyses to
test for heritable interrelationships using proband subgroups whose members did not have
the diagnosis assessed in their relatives.

Results. We observed strong evidence for heritable interrelationships among all six disorders.
Most analyses indicated significantly increased risk for each of the six disorders in FDR, SDR,
and TDR of all or most proband groups. Out of 30 possible bidirectional disorder interrela-
tionships, 26 were significant among FDR, 23 were significant among SDR, and 7 were sig-
nificant among TDR. Clustering was observed in both close and distant relatives.
Conclusions. Our results support a common, heritable component to IC and other nociplastic
and psychiatric conditions.

Introduction

Interstitial cystitis/painful bladder syndrome (IC) is a chronic pain condition characterized by
suprapubic pain, urinary urgency and frequency, and nocturia. IC occurs in 0.2-7% of the
population (depending on case definition). Individuals with IC have high rates of depression,
anxiety, and stress as well as increased health care utilization and costs (Tung, Hepp, Bansal, &
Devine, 2017). There are no consistently effective treatments, and most patients have a chronic
course with waxing and waning symptoms, persistent disability and repeated, inconclusive, or
failed treatment trials (Berry et al., 2011; Hanno, Erickson, Moldwin, Faraday, & American
Urological, 2015). New approaches are needed to break this recidivist cycle.

Despite extensive research, the pathophysiology of IC is poorly understood. IC is generally
considered part of a group of commonly termed ‘nociplastic’, ‘unexplained’ or ‘functional’
pain disorders (Fitzcharles et al., 2021), so called because there is no apparent anatomical
or biological explanation for their symptoms. In addition to IC, other diagnoses in this cat-
egory include (but are not limited to): irritable bowel syndrome (IBS), fibromyalgia (FM),
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS), vulvodynia, migraine, dry
eye, and temporomandibular joint disorder.

Numerous studies have documented significantly greater than expected comorbidity among
nociplastic pain disorders, (Clemens et al., 2019; Nickel et al., 2010; Rodriguez, Afari, &
Buchwald, National Institute of, Diabetes, Digestive, & Kidney Diseases Working Group on
Urological Chronic Pelvic, Pain 2009; Warren, Wesselmann, Morozov, & Langenberg,
2011), with rates of co-occurrence 3-4 times as high as those expected based on population
rates. This excess comorbidity, in combination with the absence of localized pathological find-
ings has led some to the hypothesis that IC and other nociplastic disorders comprise a pleio-
tropic syndrome with shared underlying causal mechanisms (Buffington, 2004; Clemens et al.,
2019; Mullins, Bavendam, Kirkali, & Kusek, 2015; Phillips & Clauw, 2011; Warren et al., 2009;
Yunus, 2008). This paradigm shift offers significant new pathways for research and treatment
development. However, as yet, few empirical studies have addressed the etiologic overlap of
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these disorders and the question of whether these disorders do
share some component of their etiology remains unresolved.

Some support for this hypothesis is provided by several family
studies that have found increased risk for other nociplastic disor-
ders in relatives of patients with IC (Allen-Brady, Norton, &
Cannon-Albright, 2015; Kendler, Rosmalen, Ohlsson, Sundquist,
& Sundquist, 2022; Warren, Jackson, Langenberg, Meyers, &
Xu, 2004; Weissman et al., 2004) suggesting common heritable
components. Two population-based twin studies have also
found evidence for shared genetic contributions among several
nociplastic pain disorders (Kato, Sullivan, Evengard, &
Pedersen, 2009; Vehof, Zavos, Lachance, Hammond, &
Williams, 2014), as has a family-based study using pedigree-based
genetic risk scores (Kendler et al.,, 2022), though none of these
included specific data on IC.

A related question concerns the source of the frequently
observed greater than expected comorbidity of IC and other noci-
plastic pain conditions with psychiatric disorders, (Bullones
Rodriguez, Afari, & Buchwald, National Institute of, Diabetes,
Digestive, & Kidney Diseases Working Group on Urological
Chronic Pelvic, Pain 2013; Clemens, Brown, & Calhoun, 2008;
Fond et al., 2014; Warren et al., 2011; Watkins et al., 2011), par-
ticularly major depressive disorder (MDD) and panic disorder
(PD). Longitudinal data suggest a bidirectional relationship
between chronic pain and MDD with each serving as a risk factor
for subsequent onset of the other (Bair, Robinson, Katon, &
Kroenke, 2003; Chang et al.,, 2015; Clemens, Elliott, Suttorp, &
Berry, 2012; Deidda & Biazzo, 2021; Qiu, Ma, & Huang, 2022;
Warren et al., 2009). A twin study (Kato et al., 2009) suggests
common genetic factors contributing to both some nociplastic
pain and psychiatric conditions (MDD, generalized anxiety dis-
order). In addition, previous work by our group (Allen-Brady
et al., 2015; Warren et al., 2009; Weissman et al., 2004) and others
(Hudson et al, 2003) suggests familial co-aggregation among
these disorders (PD, IC, IBS, FM and MDD) implying possible
etiologic overlap. However, further research is needed to clarify
the relationship among these disorders and whether some cases
of anxiety or affective disorders may be part of a nociplastic
pain syndrome.

Family studies are a useful strategy to examine etiologic over-
lap, particularly for disorders where pathophysiology remains
unknown (Klein, Riso, & Anderson, 1993; Rhee, Hewitt, Corley,
& Stallings, 2003; Wickramaratne & Weissman, 1993). Here we
take advantage of a unique population-based database that
includes both extensive genealogy and medical records to further
investigate the possibility of a shared causal mechanism that con-
tributes to IC, three other nociplastic pain disorders (FM, IBS,
ME/CFS) and two psychiatric disorders (MDD, PD). We
hypothesize that relatives of IC probands will have an increased
risk for each of these five disorders in their first-, second- and
third-degree relatives whether or not the disorders are present
in the proband, and that a similar pattern will be seen for each
of the other five disorders. If so, this would suggest that there is
a shared heritable component that contributes to development
of IC and each of these disorders. Additionally, if the increased
risk of these disorders is observed among second and third-degree
as well as first-degree relatives (FDR) (whether or not the disor-
ders are present in the proband), this would provide evidence
of a common, heritable component that is less likely to be attrib-
utable to interpersonal or environmental factors. This research
extends the previous twin and family studies as it includes a larger
sample, uses medical provider rather than self-report diagnoses
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and the inclusion of extended pedigrees draws data from a
wider group of relatives allowing for more generalized
conclusions.

Materials and methods
Utah population database (UPDB)

The UPDB (‘Utah Population Database’) links genealogy infor-
mation to various Utah public health and medical record data
sources by a common identifier. Specific to this project, we
used genealogy information linked to inpatient and outpatient
electronic medical records for the University of Utah Health
Sciences Center. The genealogy information extends back to the
nineteenth century for Utah pioneer founders and has been
updated to present time using parent - child relationships
obtained from birth certificates. The University of Utah serves
approximately 15% of the insured population in Utah. There
are over 11 million unique individuals in the UPDB, and approxi-
mately 1.3 million of them have genealogy information for at least
12 of 14 of their immediate ancestors (parents, all four grandpar-
ents, and 6 out of 8 great grandparents). Individuals meeting these
strict genealogy requirements were included in this analysis so
that we could ensure that we were appropriately capturing rele-
vant relatives.

Choice of disorders

The literature suggests a wider number of chronic pain disorders
that may share heritable components. We chose to focus on these
specific nociplastic pain and psychiatric disorders (MDD and PD)
for which we and others have previously observed a significantly
increased familial risk (Allen-Brady et al., 2015; Hamilton et al.,
2003) and for which there is strong evidence in the literature
for comorbidity (Hudson, Arnold, Keck, Auchenbach, & Pope,
2004; Warren et al, 2009). Of psychiatric disorders PD and
MDD have demonstrated the most consistent data on familial
transmission with the nociplastic disorders studied here. Our
objective was not to demonstrate the extent of the disorders
that may show excess familial clustering, but rather to expand pre-
vious findings of heritable overlap to more distant relatives in a
database that provides medical record diagnoses and to examine
risks of these disorders in relatives of probands without the
disorder.

Case definitions

The following International Classification of Diseases 9th revision
(ICD9) diagnosis codes were used to identify cases for these ana-
lyseS: IC: 595.1; FM: 729.1; IBS: 564.1; ME /CF: 780.71; PD:
300.01, 300.21; and MDD 296.2, 209.3. These codes will have
been assigned to patients by providers and/or by those who do
medical coding and billing. Diagnoses data were obtained from
1995 to 2014, a 19-year time span. Medical record numbers
were converted to UPDB IDs by an independent oversight
group. The UPDB IDs were linked to genealogy information
within the UPDB.

Ethics

This study was approved by the University of Utah Institutional
Review Board (IRB) and the Utah Resource for Genetic
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Epidemiological Research, which oversees the usage of
UPDB data. All of the data involved in this project were de-
identified and waivers of informed consent were granted by
the IRB.

Statistical analysis

Estimation of relative risk (RR)

RR estimates for the diseases of interest were computed for first-
degree, second-degree, and third-degree relatives of probands
involved in an analysis. FDR include parents, children, and sib-
lings; second-degree relatives (SDR) include grandparents,
grandchildren, aunts/uncles, nieces/nephews, and half-siblings;
third-degree relatives (TDR) include great grandparents, great
grandchildren, grandnieces/nephews, grand aunts/uncles and
first cousins. As these disorders are mostly diseases of middle
age and given our window of diagnosis data availability
(1995-2014), TDR mostly includes first-cousins. RR estimates
were calculated as the ratio of the observed number of cases
diagnosed with a disease of interest for a specific relative type
(e.g. FDR) compared to the expected number of cases for that
relative type. The observed number of cases was counted as
the number of affected for a specific relative type. The expected
number of cases was estimated based on population rates of a
disease of interest where the population is defined as all patients
treated at the University of Utah, grouped into the following
cohorts: sex (male/female), birth year (5-year birth cohort)
and birth state (Utah or not). Each individual of a specific rela-
tive type involved in an analysis was assigned their cohort spe-
cific rate of a disease of interest. The cohort specific rates of
disease were calculated as the total number of cases divided by
the total cohort size. The expected number of cases was deter-
mined as the sum of all cohort specific rates for all relatives
involved in the analysis. Approximate 95% confidence intervals
and hypothesis tests of the null hypothesis (RR = 1.0) were con-
structed assuming that the number of cases found among the
relatives follows a Poisson distribution, using the method of
Agresti (Agresti & Coull, 1998).

Testing the hypothesis of heritable interrelationship

We first identified probands diagnosed with each of the six disor-
ders of interest and computed RR estimates for their FDR, SDR,
and TDR for each disorder of interest. However, given both the
high rates of comorbidity and known familial aggregation of
each of these six disorders (Clemens et al., 2019; Nickel et al.,
2010; Rodriguez et al., 2009; Warren et al., 2011), risks in relatives
may reflect independent transmission of each disorder rather than
heritable interrelationships. Therefore, to test for heritable interre-
lationships we conducted analyses of familial risk using proband
subgroups whose members did not have the diagnosis assessed in
their relatives. For example, in the case of IC, we first identified
proband subgroups with each of the other five disorders who
did not have IC and determined if there was an increased risk
for IC in the relatives of each group. In the second step, we iden-
tified IC proband subgroups who did not have each of the other
disorders and looked within their relatives for excess risk of the
disorder that was not present in the proband. An increased famil-
ial risk for the disorder that was not present in the proband would
indicate a causal overlap between that disorder and the disorder(s)
present in the proband. Increased risk in both steps indicates a
bidirectional transmission and is consistent with a shared herit-
able contribution.
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Results
Sample

A total of 22 268 individuals in the UPDB had received a lifetime
diagnosis of at least one of the six hypothesized syndrome disor-
ders (IC, FM, IBS, ME/CFS, PD, or MDD). Of the 21 887 where
race and ethnicity information were available, 21348 (97.5%)
were white and 876 (4%) were Hispanic. IC cases were 97%
white, 5% Hispanic, and 91% female at birth. FM cases were
95% white, 6% Hispanic, and 67% female at birth. IBS cases
were 97% white, 6% Hispanic, and 74% female at birth.
ME/CFS cases were 96% white, 5% Hispanic, and 70% female
at birth. Cases with MDD were 96% white, 7% Hispanic, and
60% female at birth. Cases with PD were 96% white, 8%
Hispanic, and 66% female.

Comorbidity among probands

Table 1 shows the number of individuals who received each of the
six diagnoses and the rates and relative risk (RR) of comorbidity
with the other five disorders. IC probands had significantly (p <
0.0001) increased risks for comorbidity with each of the other five
disorders. Among individuals with IC the relative risk for these
disorders ranged from 5-fold for MDD to almost 12- fold for
CES. Risks for comorbidity among the other five disorders (FM,
IBS, CFS, PD, MDD) were also significantly (p <0.0001)
increased as compared to general population rates (Table 1).
Relative risk estimates for the other five disorders ranged between
5-fold for risk of MDD in probands with IBS up to 12-fold for risk
of PD in probands with MDD.

Comorbidity among relatives

Tables 2-4 show the risk in relatives of probands with each of the
hypothesized syndrome disorders with all the other disorders. RR
estimates tended to be higher and more likely to be significant
among FDR (Table 2) and lowest among TDR (Table 4). FDR
of IC probands, for example, were at increased risk of FM, IBS,
PD, and MDD. SDR of IC probands were at increased risk for
IC, FM, IBS, and MDD. TDR of IC probands were not at
increased risk for any of the disorders.

Evidence for a Heritable Interrelationship between IC with
each of the other five disorders (FM, IBS, CFS, PD, MDD)

Using only the subgroups of probands who had one of each of the
hypothesized syndrome disorders but not IC, we found signifi-
cantly increased risk for IC among FDR of all proband groups
(FM, IBS PD and MDD) except CFS (Table 5, Section 1).
Among SDR of these proband groups without IC, increased risk
for IC was found only in families of the FM and MDD probands.

Evidence for heritable interrelationships among the other
disorders (FM, IBS, CFS, PD, MDD)

To address the heritable interrelationships among the other five
hypothesized syndrome disorders, we repeated the same set of
analytic procedures described above for IC for the other disorders.
We examined probands diagnosed with one of the hypothesized
syndrome disorders, but who did not have another syndrome dis-
order present, and investigated whether their relatives were at risk
for the disorder not present in the proband. Table 5 represents a
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Table 1. Proband comorbidity: rates (%) and pairwise relative risks (RR) of additional syndrome diagnoses in probands

Rates (%) and RR? for comorbid diagnoses in probands

IC FM IBS CFS PD MDD

Proband diagnosis N® (%) RR (%) RR (%) RR (%) RR (%) RR (%) RR
Interstitial cystitis (IC) 302 29 7.8 (6.2-9.6) 14 9.8 (7.1-13.3) 4 11.7 (6.0-20.4) 5 5.4 (3.1-8.8) 17 5.0 (3.7-6.6)
Fibromyalgia (FM) 10 087 <1 8.5 (6.8-10.5) 8 7.4 (6.9-7.9) 3 9.4 (8.4-10.6) 6 6.6 (6.1-7.1) 19 5.7 (5.4-5.9)
Irritable bowel (IBS) 3478 1 11.2 (8.0-15.2) 25 7.5 (7.0-8.0) 3 11.3 (9.3-13.6) 8 8.8 (7.8-9.9) 17 5.1 (4.7-5.5)
Chronic fatigue (CFS) 899 <1 11.9 (6.2-21) 31 8.8 (7.8-9.9) 1 10.3 (8.5-12.4) 6 6.4 (4.7-8.4) 19 6.0 (5.1-6.9)
Panic disorder (PD) 2597 <1 6.5 (3.7-10.6) 23 7.5 (6.9-8.1) 10 9.6 (8.5-10.8) 2 7.8 (5.8-10.2) 42 12.2 (11.5-13.0)
Depression (MDD) 9983 <1 5.0 (3.7-6.6) 19 5.7 (5.4-5.9) 6 5.1 (4.7-5.5) 2 6.0 (5.1-6.9) 11 12.2 (11.5-13.0)

2All relative risks are significant at <0.0001.

bOverlapping groups.

Table 2. Risk for syndrome diagnoses in first degree relatives of probands with each of the hypothesized syndrome disorders

Diagnoses in first degree relatives
IC FM IBS CFS PD MDD

Proband diagnosis® Relatives® RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI
Interstitial cystitis (IC) 971 2.4 0.3-8.8 1.6** 1.2-2.1 3.1%* 2.1-4.4 2.0 0.7-4.7 1.9* 1.0-3.1 1.7 1.3-2.3
Fibromyalgia (FM) 29700 1.8%** 13-24 1.8%*** 1.8-1.9 1.8%*** 1.7-2.0 2.0%*** 1.7-2.3 1.6%*** 1.5-1.8 1.4 **** 1.4-1.5
Irritable bowel (IBS) 10767 315 2.0-4.6 1.8%*** 1.7-2.0 2.5%*** 2.2-2.9 2.2%*** 1.7-2.9 177 1.4-2.0 1.5%*** 1.4-1.7
Chronic fatigue (CFS) 2804 2.1 0.7-5.0 1.9%** 1.6-2.2 2.2%%** 1.7-2.9 3.6%*** 2.3-5.2 1.5% 1.1-2.1 2.0%*** 1.7-2.3
Panic disorder (PD) 7922 2.3** 1.3 -39 1.8%*** 1.7-2.0 1.9%%** 1.6 2.2 1.7 1.1-23 2.8%*** 2.3-3.2 2.0%*** 1.8-2.2
Depression (MDD) 28 065 1.6* 1.2-2.2 1.5%* 14-15 1.5%*** 14-1.7 1.8 1.5-2.1 1.9%* 1.7-2.1 2.0%*** 19-2.1

®Overlapping groups.

PNumber of first-degree relatives of each proband group.

*p<0.05, **p<0.01, ***p<0.001, ****p <0.0001.
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Table 3. Risk for syndrome diagnoses in second degree relatives of probands with each of the hypothesized syndrome disorders

Diagnoses in second degree relatives

IC FM IBS CFS PD MDD

Proband diagnosis® Relatives® RR 95% CI RR 95% CI RR 95% Cl RR 95% Cl RR 95% CI RR 95% CI
Interstitial cystitis (IC) 1782 4.8** 1.8-10.4 1.6%** 1.3-2.0 1.6* 1.1-23 1.5 0.6-3.3 1.0 0.5-1.8 1.3* 1.0-1.7
Fibromyalgia (FM) 50 354 1.9%%** 1.5-2.4 1.3%%** 1.2-13 1.3%%** 12-14 1.3* 1.1-1.5 1.3%*** 1.2-14 1.1%x** 1.1-1.2
Irritable bowel (IBS) 18493 1.6* 1.1-2.4 1.3 1.2-14 1.4%%** 1.2-15 1.4* 1.1-1.8 1.2%* 1.1-15 1.2%* 1.1-1.2
Chronic fatigue (CFS) 5059 1.2 0.3-2.9 1.2* 1.0-14 1.4* 1.0-1.8 2.2%** 1.4-3.3 1.4* 1.1-19 1.2 1.0-14
Panic disorder (PD) 13 357 13 0.7-2.2 1.3 1.2-14 1.4%** 1.2-1.6 1.5% 1.1-2.0 1.6%*** 1.3-1.9 1.2%x 1.1-1.3
Depression (MDD) 46 405 1.4 1.0-1.8 1.2%%** 1.1-1.2 1.2** 1.1-13 1.2* 1.0-1.4 1.2** 1.1-13 1.3%%** 1.3-14

2Overlapping groups.

PNumber of second-degree relatives of each proband group.

*p<0.05, **p <0.01, ***p <0.001, ****p <0.0001.

Table 4. Risk for syndrome diagnoses in third degree relatives of probands with each of the hypothesized syndrome disorders

Diagnoses in third degree relatives
IC FM IBS CFS PD MDD

Proband diagnosis® Relatives® RR 95% Cl RR 95% Cl RR 95% ClI RR 95% ClI RR 95% Cl RR 95% Cl
Interstitial cystitis (IC) 3713 0.8 0.1-2.7 1.0 0.8-1.2 12 0.8-1.6 14 0.8-2.5 1.0 0.7-15 1.0 0.8-1.2
Fibromyalgia (FM) 94 987 1.1 0.9-1.4 1.1%** 1.0-1.1 1.1 1.1-1.2 1.1 1.0-1.3 1.1** 1.0-1.2 1.0 1.0-1.0
Irritable bowel (IBS) 37199 11 0.8-1.6 1.1* 1.0-1.2 1.2%** 1.1-13 11 0.9-1.4 11 0.9-1.2 1.1* 1.0-1.1
Chronic fatigue (CFS) 10445 1.4 0.7-2.5 11 1.0-1.2 1.0 0.8-1.3 0.9 0.6-1.3 1.2* 1.0-1.5 1.0 0.9-1.1
Panic disorder (PD) 26 567 1.2 0.7-1.7 1.1* 1.0-1.2 11 0.9-1.2 1.3* 1.0-1.6 1.2* 1.0-1.3 1.1 1.0-1.1
Depression (MDD) 86 852 1.0 0.8-1.3 1.0 0.96-1.0 1.1 1.0-1.1 0.96 0.8-1.1 11 1.0-1.1 1.1%0 1.0-1.1

20verlapping groups. Relative risks (RR) indicate increased likelihood of having each of the comorbid disorders if an individual has each one of the other disorders.
PNumber of third-degree relatives of each proband group.

*p<0.05, **p<0.01, ***p<0.001, ****p <0.000L.

auiIpay oa1bojoysfsd

TG8.


https://doi.org/10.1017/S0033291723001885

ssaud Aisianun abpliquied Aq auluo paysiiand 588 100£7/ L6ZEE00S/£101°01/B10"10p//:sdny

Table 5. Risk of each syndrome disorder in relatives of probands with a syndrome diagnosis but without the syndrome disorder assessed® in relatives syndrome

Proband diagnosis

First degree relatives

Second degree relatives

Third degree relatives

# Probands N RR 95% Cl N RR 95% Cl N RR 95% Cl

Probands without 1C? IC risk in relatives IC risk in relatives IC risk in relatives
1 FM 9,998 29,451 N7 1.3-2.4 49,946 1.84**** 1.4-2.4 94,434 1.13 0.9-1.4
IBS 3,437 10,648 3.7 2.1-4.6 18,311 I¥58] 0.9-2.4 36,810 1.16 0.8-1.6
CFS 887 2,766 1.75 0.5-4.5 4,987 1.17 0.3-3.0 10,304 1.39 0.7-2.5
PD 2,581 7,888 2.33** 1.3-3.9 13,284 1.27 0.7-2.2 26,411 1.17 0.7-1.8
MDD 9932 27,933 1.61** 1.2-2.2 46,188 1.38* 1.0-1.8 86,502 1.01 0.8-1.3

Probands without IBS IBS risk in relatives IBS risk in relatives IBS risk in relatives
2 IC 261 836 2.39%** 1.5-3.7 1,571 1.72* 1.1-2.6 3,262 1.25 0.9-1.7
FM 9,230 27,349 1.70%*** 1.6-1.9 46,735 1.28**** 1.2-14 88,952 1.12** 1.0-1.2
CFS 789 2,452 2.21%*** 1.7-2.9 4,459 1.38* 1.0-1.8 9,272 0.95 0.8-1.2
PD 2,328 7,053 1.78**** 15-2.1 11,860 1.32** 1.1-1.6 23,738 1.08* 1.0-1.2
MDD 9399 26,432 1477 1.3-1.6 43,803 1.15* 1.0-1.3 82,683 1.04 0.97-1.1

Probands without CFS CFS risk in relatives CFS risk in relatives CFS risk in relatives
3 IC 290 934 211 0.7-4.9 1,713 1.60 0.6-3.5 3,571 1.38 0.7-2.5
FM 9,810 28,945 1.94%*** 1.6-2.3 49,243 1.28** 1.1-15 93,097 1.14* 1.0-1.3
IBS 3,368 10,431 2.23**** 1.7-2.9 17,942 1.36* 1.0-1.8 36,214 1.15 0.9-1.4
PD 2,546 7,730 1.69** 1.2-2.4 13,076 1.41* 1.0-1.9 26,076 1.27* 1.0-1.6
MDD 9,812 27,611 1.81%*** 15-2.1 45,712 1.20* 1.0-14 85,635 0.97 0.8-1.1

Probands without FM Risk for FM Risk for FM Risk for FM

4 IC 213 660 1.33 0.9-1.9 1,268 1.46* 1.1-19 2,878 1.01 0.8-1.3
IBS 2621 8,086 1.65**** 1.5-1.8 14,034 1.26%*** 1.1-14 28,916 1.08* 1.0-1.2
CFS 622 1,901 1.79%*** 1.5-2.2 3,550 1.22% 1.0-1.5 7,403 1.05 0.9-1.2
PD 2001 6,063 1.67**** 1.5-1.9 10,186 1.26**** 1.1-14 20,412 1.08 0.1-1.2
MDD 8074 22,850 1.35%*** 1.3-1.4 37,908 1.12%*** 1.1-1.2 72,565 1.0 1.0-1.0

[4%1:7
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second degree relatives the RR for IBS is 1.32.

*p<0.5, **p<0.01, ***p <0.001, ****p <0.0001.
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Figure 1. Presents a graphical summary of the significant results for second and
third-degree relatives of the six disorders listed in Table 5. The disorder in each circle
represents the disorder present in the proband. The direction of the arrow represents
the disorder not present in the proband but in significant excess among relatives of
the proband. The most distant significant relationship is represented. Thin lines
represent significant second-degree relationships. Thicker lines represent significant
third-degree relationships. For example, FDR, SDR, and TDR of probands with FM but
without IBS have an increased risk of IBS. Hence, a thicker arrow indicating a signifi-
cant third-degree relationship is illustrated. As can be seen there is extensive overlap
among the disorders with increased prevalence among more distant relatives in
families where the probands themselves do not have the disorder of interest.
Second-degree relationships exist among all the disorders with most disorders show-
ing bidirectionality (e.g. 2nd degree relatives of FM probands without IC are at
increased risk of IC and vice versa, 2nd degree relatives of IC probands without FM
are at increased risk of FM).

complete picture of the familial relatedness of these six disorders
in first-, second-, and third-degree relatives. Figure 1 illustrates the
results for SDR and TDR graphically. As shown in Table 5, there
is significant excess relatedness of almost all the disorders with
each of the other disorders in both first-and second-degree rela-
tives. Twenty-six of the 30 contrasts in FDR and 23/30 in SDR
indicated a significantly (p <0.05, two tailed) increased familial
risk as compared to population rates. A lesser degree of related-
ness is seen in the third-degree relative group with only 7/30 of
the contrasts showing significance. Figure 1 further shows the
extensive overlap among the disorders. At the disorder specific
level, there is some variation in the degree of familial overlap
and extent of bidirectional transmission with IBS, FM and
MDD showing the most and CFS and IC the least extensive
relationships.

Discussion

The results of this large study add to a growing body of evidence
that a common, heritable component contributes to the overall
lifetime risk for IC, nociplastic pain disorders (FM, IBS, CES)
and certain psychiatric disorders, specifically MDD and PD. We
observed significant comorbidity of these disorders in individuals,
these disorders clustered in both close and distant relatives, and
our investigation of disorders in relatives that were not present
in the proband showed in most analyses a significantly increased
risk in second- and often third-degree relatives. The investigation
of familial risk for disorders that were not present in the proband
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ensured that our significant findings were not due to the known
high rates of comorbidity and independent familial aggregation
that exists for these disorders (Aaron & Buchwald, 2001; Afari
et al., 2020; Clemens et al.,, 2012; Keller, Chen, & Lin, 2012;
Novi et al.,, 2005; Rodriguez et al., 2009; Watkins et al., 2011).
The observation that each of our six disorders is associated with
significant familial clustering of most or all the others even in
more distant relatives and in the absence of proband comorbidity
for the disorder assessed in relatives is consistent with previous
hypotheses that at least a subset of cases of nociceptive disorders
comprise a pleiotropic syndrome with shared underlying causal
mechanisms. The modest to moderate elevation of relative risk
observed in family members is consistent with expectations for
the assumed multifactorial etiology and complex polygenic gen-
etic architecture of these disorders.

Our findings are consistent with the previous twin (Kato et al.,
2009; Vehof et al., 2014) and family based (Kendler et al., 2022)
studies addressing the question of heritable and genetic overlap
of these disorders. Though previous studies differed in methodo-
logical aspects (e.g. type of sample, self-report v. physician diag-
nosis) all indicate a component of shared genetic heritability
among several nociplastic pain disorders and depression and/or
PD. Kato and colleagues (Kato et al., 2009) in a volunteer-based
sample from the Swedish twin registry found that the best fitting
model included two latent genetic variables. One loaded strongly
on chronic widespread pain (CWP) (0.79) and the other on MDD
(0.76) and generalized anxiety disorder (0.69). Both contributed
moderately to IBS (0.44,.54), CFS (0.58, 0.45), and recurrent head-
ache (0.33,.30). Additional specific genetic contributions were also
indicated for the pain but not the psychiatric disorders. A second
study by Vehof and colleagues (Vehof et al., 2014) conducted in a
UK volunteer twin registry found a common latent genetic vari-
able (h=0.66) contributing to CWP, chronic pelvic pain (CPP),
IBS, and dry eye. Heritability of the individual disorders ranged
from 0.19 for IBS to 0.46 for CPP. The interrelationship of genetic
risk for these disorders was also addressed in a recent study in the
Swedish national registry. Using registered ICD diagnoses,
Kendler and colleagues (Kendler et al., 2022) calculated family
genetic risk scores based on prevalence of disorders in first
through fifth-degree relatives and compared the subsequent gen-
etic risk profiles of FM, IBS, CFS, MDD and several potentially
related autoimmune (rheumatoid arthritis, Grave’s Disease,
Hashimoto’s thyroiditis) and pain disorders (e.g. back pain, head-
ache). Each of the three index disorders (FM, IBS, CFS) were
found to have increased genetic risk not only for the other noci-
plastic pain disorders but also for autoimmune and internalizing
psychiatric disorders with this effect most marked for FM.

The possibility of shared heritability is also supported by findings
of most twin and family studies that have had a more limited focus
on the relationship of PD or MDD and one or two of the nociplastic
pain disorders. Two studies (Allen-Brady et al.,, 2015; Weissman
et al., 2004) found significantly increased risk for PD among rela-
tives of individuals diagnosed with IC. Twin studies involving
both FM and CFS indicate shared genetic contributions between
these disorders and MDD (Corfield, Martin, & Nyholt, 2016). In
addition, several investigators have found significantly increased
risks for depression in the families of individuals diagnosed with
FM (Arnold et al,, 2004; Hudson et al., 2004) and IBS (Yeh et al.,
2021). However, of two twin studies that investigated IBS-MDD
comorbidity, one found evidence of a strong genetic contribution
(Bengtson, Aamodt, Vatn, & Harris, 2015), the other found no evi-
dence (Wojczynski, North, Pedersen, & Sullivan, 2007).
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To our knowledge there are as yet no molecular genetic studies
which could more definitively test this hypothesis by using a
phenotype that combines several of the nociplastic pain disorders.
Most previous molecular genetic studies of nociplastic pain have
focused on either a specific disorder (Eijsbouts et al, 2021;
Gerra et al., 2021; van Tilburg et al., 2020) or on the broader con-
cept of bodily pain (Tsepilov et al., 2020). Though the studies of
wide spread or bodily pain have demonstrated significant genetic
overlap with depression, bodily pain is a much more heteroge-
neous phenotype than we have considered in the present study
so that its relevance in this context remains to be evaluated
(Meng et al., 2020; Rahman et al, 2021). Recent large-scale
genome-wide association studies (GWAS) of PD/anxiety and
MDD have not examined relationships to pain disorders. An
early linkage study found suggestive evidence of linkage in PD
families also affected by IC. However, the findings did not
reach genome-wide significance (Weissman et al., 2004). Of inter-
est one recent GWAS of IBS identified shared loci that also con-
tributed to risk for mood and anxiety disorders (Eijsbouts et al.,
2021). Analyses of additional nociplastic disorders in this and
other existing single disorder GWAS would be of great interest
in further evaluating our hypothesis.

This study has several limitations. Many of the studies men-
tioned above include at least some of the same disorders.
However, there is significant variation as to which nociplastic
pain disorders are included. We chose FM, IBS, IC and ME/
CEFS because they had the most consistent data on familial trans-
mission and were most often included in studies about nociplastic
pain disorders. However, the boundaries of the heritable inter-
relatedness are not known and there are data supporting the
inclusion of a number of other disorders (Maixner, Fillingim,
Williams, Smith, & Slade, 2016). Though our findings of
increased familial risk in SDR and TDR are consistent with a gen-
etic overlap of these disorders, other confounding factors such as
low socioeconomic status, other disease states (e.g. inflammatory
diseases) and the family and social environment in the context of
shared, similar parenting practices as well as extended families
co-habiting or living otherwise closely enmeshed lives could
account for these observations. We used diagnosis billing codes
to identify cases. While these diagnoses are based on physician
generated encounters, coding errors are possible, and some bills
may be generated to rule-out diagnoses. These errors may lead
to misclassification of the cases. This could also lead to an over-
estimation of familial aggregation as there may be an initial bias
toward considering a diagnosis in individuals whose family mem-
bers have the disorder. However, this is likely to have a stronger
impact on close (e.g. FDR) who are more likely to share medical
diagnosis data with their relatives than for more distant relatives.
It is also possible that individuals with affected family members
may be more likely to come to treatment, thereby skewing the
sample toward familial cases, which again is likely more relevant
for close relatives. In addition, as the population is predominantly
white, our results cannot be generalized to other ethnic and racial
groups. Furthermore, individuals with more severe illness may be
more likely to seek care, and hence, our results may be biased
towards inclusion of individuals with multiple nociplastic pain
and psychiatric disorders.

In summary, our findings are consistent with a heritable over-
lap among nociplastic pain disorders, specifically IC, FM, IBS,
and ME/CFS, that also includes MDD and PD. Our data suggest
a shared genetic contribution, but there is, as yet insufficient data
and a lack of molecular genetic studies to address this question.
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The demonstration of a shared heritable contribution to the liabil-
ity for at least a subset of nociplastic pain disorder cases estab-
lishes a basis for much needed new approaches to etiological
investigation and treatment development. For example, molecular
genetic studies might consider using a combined phenotype def-
inition that includes any of these nociplastic pain disorders.
Participants could also be prospectively subtyped as to whether
they came from ‘syndrome’ families (i.e. families with increased
risk for several nociplastic pain disorders). From the research per-
spective (e.g. clinical trials or pathophysiological characterization)
prospective stratification of participants by membership or not in
a high-risk syndrome family could also be informative. From a
clinical perspective, these findings suggest that screening for fam-
ily history of nociplastic pain disorders, beyond FDR, may be a
useful addition to initial evaluation of patients presenting with
pain, anxiety or depression and could lead to earlier diagnosis
and treatment for individuals with nociplastic pain.
Identification of the mechanisms underlying the etiologic overlap
among these disorders may provide new targets for therapeutic
development, with the hope of not only treating pain, but also
disrupting the steps leading to progression and diagnoses of
additional comorbid conditions.

Conclusions

The results of this study indicate significant heritable overlap both
among IC and several other nociplastic pain disorders (FM, IBS,
and ME/CFS) and the psychiatric disorders (MDD and PD). That
this overlap was observed in both close and distant relatives sug-
gests that shared genetic factors contribute to the development of
these disorders. Future work investigating shared genetic factors
among these disorders is warranted.
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