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SUMMARY

Background—The beta-2 adrenergic receptor (ADRB2) is an important target for epinephrine, a
neurotransmitter in pain signalling. ADRB2 haplotypes affect receptor expression and ligand
response, and have been linked to painful non-GI disorders.

Aims—To assess whether ADRB2 polymorphisms (rs1042713, rs1042714) are risk alleles for
functional GI (FGID) and extraintestinal functional (EIFD) diagnoses, and whether ADRB2
predicts GI symptoms and health-related quality of life (HRQOL).

Methods—Of 398 subjects (49.6 + 2.9 years, 68.0% female), 170 (42.5%) met Rome IlI criteria
for =21 FGID [IBS (n = 139, 34.9%); functional dyspepsia (FD, n = 136, 34.1%), functional chest
pain (FCP, n = 25, 6.2%)], while 228 were healthy controls. FGID subjects reported on bowel
symptom severity and burden (10-cm VAS), frequency (days/last 2 weeks), EIFD, psychiatric
diagnoses and HRQOL (SF 36). Multivariable models determined the contribution of ADRB2
polymorphisms to HRQOL, and mediational analyses assessed functional diagnoses as potential
intermediates.

Results—rs1042714 minor G alleles were associated with FGID diagnoses (OR 1.8; 95% ClI
1.2-2.7; P =0.009), particularly FD (OR 2.1, 95% CI 1.3-3.3), with trends towards IBS (P = 0.19)
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Additional Supporting Information may be found in the online version of this article:
Figure S1. Number of recorded functional Gl disorder (FGID) diagnoses by rs1042714 haplotype. F = 5.08, P = 0.007 across groups.
Figure S2. Odds ratios for functional GI (FGID) and extraintestinal functional disorder (EIFD) diagnoses in rs1042714 G allele
carriers.

Figure S3. Health-related quality of life (HRQOL) on SF 36 by rs1042714 ADRB2 genotype. Minor allele homozygotes reported
worse QOL than ADRB2 heterozygotes on total SF 36 (P = 0.009), mental (P = 0.003) and physical (P = 0.04) scores.
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and FCP (P = 0.06) diagnoses. Within IBS, G allele carriers had more severe bowel symptoms (P

= 0.025), and symptomatic days (P = 0.009). G allele carriers had greater numbers of EIFD (1.0 £
0.1vs. 0.4 £0.07, P <0.001) and poorer HRQOL. The effect of ADRB2 on HRQOL was partially
mediated by FGID, EIFD and psychiatric diagnoses.

Conclusions—ADRB2 minor alleles at rs1042714 predict FGID and EIFD, and may influence
bowel symptom severity and HRQOL. These findings provide indirect evidence of sympathetic
nervous system role in FGID pathophysiology.

INTRODUCTION

Functional gastrointestinal disorders (FGID) consist of a heterogeneous group of conditions
with chronic, painful symptoms not explained by structural abnormalities.! Pathogenesis of
FGIDs is incompletely understood, although genetic factors, low-grade inflammation,
intestinal dysbiosis, visceral hypersensitivity and brain—gut axis dysfunction all have been
postulated to contribute.2 3 Development of effective FGID management strategies have
been hampered by a poor understanding of precise pathophysiological mechanisms;
therefore, identification of genetic risk factors might be an important step towards
recognition of phenotypically distinct IBS subgroups. The genetic subtyping of IBS
phenotypes ultimately could facilitate the implementation of symptom-and pattern-specific
treatment trials.* °

Recent preclinical and clinical studies demonstrate evidence linking stress-related
neuroendocrine factors to aberrations within the brain-gut axis.* 8 An abnormal stress
response has also been implicated in the pathogenesis of painful extraintestinal functional
disorders (EIF-Ds), such as fibromyalgia and chronic fatigue syndrome, which can overlap
with FGID in perhaps 50% of cases.” In the setting of stress, the central nervous system
(CNS) augments sympathetic nervous system (SNS) activity, with parallel suppression of
parasympathetic nervous system (PNS) activity. The prime mediator of this stress response
is the autonomic nervous system (ANS), which, via regions including the locus coeruleus in
the brainstem, also is an integral component of the brain—gut axis. The SNS and PNS
modulate gastrointestinal function via a third branch of the ANS, the enteric nervous plexus.
ANS deregulation, with increased sympathetic and decreased parasympathetic activity
similar to the stress response, is known to occur in FGID.5: 8 Catecholamines, the primary
neurotransmitters of the SNS, are elevated in both FGID and EIFD,8 2 and have been shown
to augment pain signalling in both the ANS and CNS.8 10 Therefore, there is evidence
supporting aberrant ANS activity and abnormal stress response in both FGID and EIFD, and
some symptoms, particularly pain, could be mediated by excess catecholamine signalling.

The beta-2-adrenergic receptor (ADRB?2) is the main target of the catecholamine
epinephrine, and a primary mediator of the stress response. Blocking ADRB2 decreases pain
sensitivity in both humans and animals.11: 12 ADRB2 is widely expressed both in the
gastrointestinal tract and in the CNS.13 Recently, adrenergic receptor gene polymorphisms
(e.g. rs1042713, rs1383914) have been linked to fibromyalgia and temporomandibular joint
disorder, two EIFDs that are frequently encountered in FGID patients.13-1° Single-
nucleotide polymorphisms (SNPs) located in the coding region of the ADRB2 gene have
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been shown to be associated with increased altered receptor response to catecholamines as
well as altered receptor expression, mediated by catechol-amine-induced receptor
internalisation (Figure 1).13 It is unknown, however, whether ADRB2 polymorphisms are
present at a higher frequency in FGID.

In this study, we hypothesised that ADRB2 receptor polymorphisms are associated with
both FGID and EIFD. Our primary aim was to determine whether common variants within
the ADRB2 gene serve as risk factors for FGIDs. Additionally, we sought to evaluate
whether these polymorphisms may influence (i) bowel symptom severity; (ii) health-related
quality of life (HRQOL); and (iii) burden of comorbid EIFDs and psychiatric diagnoses in
an FGID population.

METHODS

Subjects and clinical characteristics

Instruments

The subjects in this report were identified from a prospectively maintained databank and
tissue repository at our institution from 2006 to 2010, yielding a total of 170 FGID patients
and 228 healthy controls to study. All participants completed a comprehensive
multidimensional symptom, affective state and quality-of-life questionnaire as part of the
study, including the Rome 111 diagnostic questionnaire.18 Sputum and/or blood samples
were collected for DNA analysis at the time of enrolment. Blood was collected in the
instances where the patient was to undergo phlebotomy for clinical purposes; if a blood
specimen was not required for other laboratory testing, a sputum sample was collected. In
cases where blood was available, this sample was analysed preferentially, given the overall
higher DNA yields with this specimen. All participants provided written informed consent
prior to collection of biological specimens and clinical data. The study protocol was
approved by the Human Research Protection Office (institutional review board) at
Washington University School of Medicine and Barnes-Jewish Hospital, St. Louis,
Missouri.

The FGID group was composed of adult subjects (=18 years old) who carried a clinical
FGID diagnosis, and met Rome 11 criteria for at least one FGID. Prior to enrolment in the
study, all FGID subjects had organic bowel disease excluded with a comprehensive
evaluation, including, but not limited to, laboratory, endoscopic and radiographic testing,
performed at the discretion of the treating gastroenterologist. The control group comprised
patients undergoing screening endoscopy in the absence of ongoing gastrointestinal
diagnoses or symptoms at the time of enrolment, and without evidence for FGID using
Rome 111 criteria. With the exception of three subjects (one mother and two daughters in the
FGID group), to our knowledge, all of the participants were genetically unrelated.

Bowel symptom assessment—The burden of gastrointestinal symptoms within the 2
weeks proceeding enrolment in the study was evaluated in terms of symptom severity,
bother and frequency. The severity and bother of gastrointestinal symptoms were assessed
with 10-cm visual analogue scales (VAS), using previously described methods.1” Symptom
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frequency (number of symptomatic days) within the proceeding 2 weeks also was quantified
(0-14 days).

Extraintestinal functional and mood disorders—As part of the multidimensional
questionnaire, the prior diagnoses of EIFDs were quantified. Subjects were asked to indicate
whether they had past diagnoses, and a single, blinded investigator (BC) reviewed medical
records to confirm the presence of the following disorders: chronic pelvic pain, interstitial
cystitis (spastic bladder), chronic fatigue syndrome, fibromyalgia, migraine headache,
chronic headache (other than migraine), chronic back pain, palpitations, premenstrual
syndrome, dysmenorrhoeal, dyspareunia and temporomandibular joint disorder. Similarly,
historical psychiatric diagnoses were determined by subject self-report and medical record
review (depression, generalised anxiety, bipolar disorder, panic disorder and somatisation
disorder).

The short form health survey (SF 36)—The SF 36 was used as a validated assessment
of health status and its impact on health-related quality of life (HRQOL).1” The SF 36 is
divided into physical and mental domains and assesses the role that medical conditions and
pain on physical and emotional well-being and limitation of day-to-day and pleasurable
activities. Given the mechanism of subject recruitment, this information was collected only
in a subset (n = 71) of the healthy controls.

DNA sample collection and genotyping—Sputum or blood samples were collected
for DNA extraction and were frozen and banked by the Biobank Core of the Washington
University Digestive Diseases Research Center. DNA was extracted from these samples
using Qiagen Gentra Puregene Reagents (Qiagen Inc., Valencia, CA, USA). Two SNPs
associated with ADRB2 were analysed (rs1042713, rs1042714). These SNPs were chosen
on the basis of prior studies in which they have been associated with altered ADRB2
function as well as findings that these SNPs are as risk alleles for EIFDs.13-15 Genotyping
was performed using Sequenom MassARRAY technology (Sequenom Inc., San Diego, CA,
USA) in a single batch run containing all of the study samples (cases and controls). The
laboratory staff was blinded to both the study subject group assignment and the study
hypotheses.

Statistical analysis

Chi-squared testing was used to calculate Hardy—Wein-berg equilibrium for each
polymorphism using previously described methods.1® Grouped values are reported as mean,
standard error of mean and 95% confidence intervals (CI) unless otherwise indicated.
Between-group comparisons were performed using Student’s t-tests for continuous
variables, and chi-squared analyses were performed for all genotype frequency data, and for
binomial data as appropriate. One-way ANOVA analyses allowed for the determination of
between-group differences in measures based on ADRB2 genotype. In each case, P < 0.05
was required for statistical significance. Statistical analysis was carried out using SPSS
Statistics v.20 (IBM, Armonk, NY, USA). Multivariate linear regression models were
developed using an ‘enter method’ to establish the independent contributions of ROME IlI
diagnoses, EIFD and psychiatric diagnoses, demographics (age, gender) and ADRB2 minor
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allele carrier status on health-related quality of life in the FGID patient subgroup. These
models were then incorporated into separate Sobel mediational analyses, which included
EIFD, psychiatric, and FGID diagnoses to explore whether any effect of ADRB2 genotype
on HRQOL in FGID patients might be partially mediated by the presence of EIFD or
psychiatric diagnoses. Preconditionally, all of the variables to be included in the analysis
were required to be significantly correlated using Pearson correlations, and linear regression
models were developed in including the independent (ADRB2 minor allele carrier) and
dependent variables (HRQOL) of interest, followed by second order models, which included
the mediational variables of interest (e.g. FGID, EIFD, psychiatric diagnoses) to determine
the unstandardised regression coefficients and their standard errors. Ratios of model
estimated indirect: total effects of the independent variables on HRQOL were determined as
estimates of the amount of the correlative relationship between ADRB2 genotype and
HRQOL accounted for via the mediating diagnoses.

Subject demographic and clinical characteristics

Over a 5-year period, 170 subjects with FGID (mean age 43.9 * 6.3 years) were identified,
reporting an average of 1.6 + 0.04 FGIDs per subject using Rome 111 criteria (Table 1).
During the same period, 228 controls were enrolled (mean age 54.2 + 1.1 years), none with
FGID according to our inclusion criteria. Gender proportions reflected the female
predisposition typically seen with FGIDs (79.4% in FGID group vs. 60.5% in control group,
P < 0.001). Furthermore, EIFDs were more common in the FGID group (1.5 = 0.2 EIFDs
per subject) than in the control group (0.7 £ 0.02, P < 0.001). Within the FGID group, Rome
I11 criteria for IBS were met by 139 (34.9%) subjects, while criteria for functional dyspepsia
(FD) and functional chest pain (FCP) were met by 136 (34.1%) and 25 (6.2%) subjects
respectively. One-fourth of the subjects had multiple FGIDs: 92 (23.1%) subjects had 2
FGIDs and 9 (2.3%) had =3 FGID.

In the FGID cohort, subjects reported 9.7 + 0.3 symptomatic days in the previous 2 weeks.
Symptom severity was rated 7.1 + 0.2 and symptom bother 7.2 + 0.2 on 10-cm VAS scales.
These values were similar within FGID subgroups (e.g. IBS vs. FD, P > 0.05 for each).

Genotype data

The observed and expected frequencies of the two SNPs (rs1042713, rs1042714) associated
with ADRB2 were in Hardy—Weinberg equilibrium with a X2 P > 0.05 for each. Genotyping
was not successful in 15 (5.0%) subjects for rs1042714, and in 25 (8.3%) subjects for
rs1042713. The failure of genotyping was likely a result of one of two issues: insufficient
DNA quality/quantity or failure of PCR amplification. In 7 of the 15 cases of failed
rs1042714 genotyping, the subject also failed to genotype for rs1042713 (presumably as a
result of issues with DNA quality/quantity). In the remaining eight cases, interpretable
genotypes for rs1042713 were obtained, suggesting PCR amplification failure in these cases.
The genotype differences between FGID and control subjects for rs1042714 remained
significant when missing cases were imputed as having a major allele homozygote (CC)
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genotype (F = 6.28, P = 0.013). Duplicate analyses were not performed and, as such,
inconsistency rates are not reported.

When allele frequencies were analysed, G allele carrier status within rs1042714 was
significantly associated with the presence of FGIDs (P = 0.009) with an odds ratio (OR) of
1.8 (95% CI 1.2-2.7). Within the rs1042714 genotype, both GG homozygotes and CG
heterozygotes demonstrated higher burdens of FGID compared with CC homozygotes
(Figure S1).

When FGIDs were analysed individually, rs1042714 G allele carrier status was significantly
associated with FD, [OR 2.1, 95% CI 1.3-3.3; P = 0.001]. Furthermore, there was a trend
towards higher rates of IBS [OR 1.3, 95% CI 0.9-2.1; P = 0.19] and FCP [OR 2.6, 95% ClI
0.9-7.1; P =0.06] in G allele carriers (Figure S2). In contrast, with rs1042713, the A allele
was not associated with an increased rate of FGID as a whole, or with individual functional
diagnoses. IBS [OR 0.9, 95% CI 0.6-1.4, P = 0.64], FD [OR 0.7, 0.5-1.1, P = 0.17] or FCP
[OR 0.6, 0.3-1.5, P = 0.27].

Symptom burden and rs1042714

As a significant association was found between rs1042714 and FGIDs, further analysis was
undertaken to evaluate the relationship between this SNP and symptom burden. In the IBS
group as a whole, G allele carriers had a higher gastrointestinal symptom severity, bother
and frequency when compared with CC homozygotes (Figure 2). In contrast, within the FCP
and FD subgroups, the G allele did not conspicuously affect gastrointestinal symptom
burden.

Health-related quality of life (HRQOL) and rs1042714

The influence of rs1042714 on HRQOL was assessed within the patient cohort. In the FGID
group as a whole, G allele carrier status was associated with lower HRQOL within the
mental health, physical health and global domains (Figure 3). When individual FGIDs were
analysed, lower HRQOL within all dimensions of the SF 36 were noted to be associated
with rs1042714 in the IBS (P < 0.03 for each) and FCP subgroups (P < 0.001 for each). A
similar trend was seen in the FD group, although these observations did not reach statistical
significance (P > 0.05 for each). A ‘dose effect” was observed, wherein CC homozygotes
had the highest SF 36 scores across all three domains, and further decremental loss of
HRQOL in individuals with additional ADRB2 minor alleles (Figure S3).

Extraintestinal functional disorders and ADRB2 polymorphisms

In the study population as a whole, rs1042714 G allele carriers had a higher burden of
EIFDs regardless of FGID status, with G allele carriers having an average of 1.0 £ 0.1 EIFD
per subject, compared to 0.4 + 0.07 EIFD per CC homozygous subject (P < 0.001). Overall,
the most common EIFDs endorsed by participants were chronic back pain (17.8%), migraine
headache (16.1%), fibromyalgia (7.5%) and chronic pelvic pain (6.3%). While the FGID
subjects as a whole had greater numbers of EIFDs compared with controls subjects, G allele
carriers meeting Rome 111 criteria for at least one FGID had nearly twice as many EIFD
diagnoses (1.5 £ 0.2 EIFDs, compared to 0.7 + 0.2 EIFD with CC homozygosity, P = 0.001)
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(Figure 4). FGID carriers of the A allele at rs1042713, had a similar rate of EIFDs when
compared to GG homozygotes (P = 0.6); given this, no further analysis of the impact of this
single nucleotide polymorphism was pursued.

Psychiatric diagnoses and ADRB2 polymorphism

Study participants with an rs1042714 G allele were significantly more likely to have a
historical psychiatric diagnosis (OR 1.8, 95% CI 1.1-2.8; P = 0.01) compared with their
major allele homozygous counterparts. Anxiety accounted for a substantial portion of this
observation, with ADRB2 minor allele carriers having more than twice the rates of anxiety
(25.0% vs. 11.9%, P = 0.002); modestly higher rates of depression (30.6% vs. 23.8%, P =
0.15) also were noted those with at least one G allele.

Multivariate regression analysis and mediational analysis

Multivariate regression analysis performed to assess factors influencing HRQOL in the
FGID cohort led to the creation of three linear regression models, all with SF 36 as the
dependent variable. In the first model, variables included age, gender, rs1042714 G allele
carrier status (present or absent) and the number of ROME 11l FGID diagnoses satisfied.
Here, only the presence of FGID diagnoses (B = =8.5, P < 0.001) and carrier status of the G
allele at rs1042714 (B = -9.6, P = 0.003) were significantly associated with lower HRQOL.
The second model expanded upon the first, but now also included the number of endorsed
EIFDs; age and gender again were not predictive of significant impact with HRQOL.
However, FGIDs (B = -6.9, P < 0.001), EIFDs (B = -4.8, P = 0.001) and carrier status of
the G allele at rs1042714 (B = 6.2, P = 0.045) all were associated with poorer HRQOL. A
final model now adding psychiatric diagnoses again found that mood disorders (B = -8.0, P
< 0.001), FGID diagnoses (B =-5.9, P < 0.001) and EIFD (B = -12.9, P = 0.002)
independently predicted HRQOL, while ADRB2 G allele status no longer retained statistical
significance (B = -5.5, P = 0.056). Mediational analyses demonstrated that the effect of
ADRB2 G allele positivity on HRQOL was indirectly mediated by the presence of FGIDs
(13.5% effect), EIFDs (43.2% effect) and psychiatric comorbidity (33.3% effect). These
models suggest a partial mediation of the direct effect of ADRB2 on HRQOL via the
presence of psychiatric and/or functional comorbidity (Figure 5).

DISCUSSION

The sympathetic branch of the autonomic nervous system and its catecholaminergic
neurotransmission increasingly is gaining appreciation as an important mechanistic factor in
the development of functional pain disorders, and is an attractive putative target for future
FGID therapeutic strategies. This study is the first to identify a functional polymorphism
within the beta-2-adrenergic receptor gene as a risk factor for FGID. Our results suggest that
G allele carrier status portends a more severe phenotype in subjects with IBS. Furthermore,
this study confirms a link between a specific ADRB2 polymorphism and EIFD, with greater
number of EIFD in minor allele carriers within the rs1042714 polymorphism. This SNP also
was associated with poorer HRQOL, an effect that appears to be at least partially mediated
by the presence of a greater burden of EIFD and psychiatric comorbidity.!
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This work provides further evidence supporting the role of the ANS, and more particularly
the sympathetic branch, in symptom origination and presentation in both FGID and EIFD.
Prior studies evaluating cardioautonomic function in subjects with 1BS subjects have
demonstrated that lower heart rate variability, a marker of increased sympathetic activity,
correlates with increased pain severity.1% 20 Moreover, elevated basal levels of nor-
epinephrine have been found in the plasma of IBS patients when compared with controls.2:
Similar alterations in ANS activity, specifically an increased SNS activity, have been
observed in individuals with EIFDs.% 22 We speculate that due to increases in ADRB2
receptor affinity for norepinephrine resulting from the SNP examined in this study, minor
(G) allele carriers are more sensitive to endogenous catecholamines.13 As a result, minor
allele carriers may have greater susceptibility to stress-induced augmentation of visceral and
somatic sensory function. This enhanced sensory function might result from up-regulation of
afferent pain neurotransmission in the periphery, as well as greater central responsiveness to
these signals.

Still, this observation explains a small portion of the complex pathogenesis of FGID. Low-
grade inflammation, intestinal dysbiosis, visceral hypersensitivity and brain—gut axis
dysfunction all may be relevant to pathogenesis and/or symptomatic presentations. 3 The
contribution of genetic variation to these factors to this process has been a focus of
considerable research interest, first described in epidemiological observations demonstrating
a familial clustering of FGIDs.23 24 This has led to studies involving over 50 SNPs for links
to FGIDs,®> many of which have focused on the serotonin neurotransmission or gut-related
immune pathways. Individual studies have had variable results, however, and associations
between these genetic loci and FGIDs have been inconsistent.> 25-28 However, a limited
number of these studies have been hypothesis driven, and fewer still explored the
association of gene variants with bowel symptom expression, extraintestinal and psychiatric
comorbidity and HRQOL.

In recent years, efforts to gain insight into FGID pathophysiology have shifted partially to
sympathetic nervous system dysfunction, and several investigators have focused on the role
of polymorphisms within the adrenergic pathway. For instance, Kim et al. identified a
polymorphism within the alpha 2 adrenergic receptor (ADRAZ2A) in constipation-
predominant IBS and demonstrated an association between this polymorphism and somatic
symptom burden.25 However, the relationships between polymorphisms within the ADRB2
have not been explored and, several factors make the examined polymorphisms within the
coding region of the ADRB2 gene (rs1042713, rs1042714) attractive targets for
investigation in FGID subjects: firstly, ADRB2 is widely expressed both in the
gastrointestinal tract and in the central nervous system; second, blockade of this receptor
decreases sensitivity to painful stimulil®: 12; furthermore, the ADRB2 polymorphisms
examined appear to be functional polymorphisms, which alter ligand responsiveness.13
Finally, there is evidence that these polymorphisms are associated with fibromyalgia and
temporomandibular joint disorder, both of which are EIFDs frequently encountered in FGID
patients.13-15

Our results indicate that ADRB2 polymorphisms, in particular rs1042714, may have a role
in the pathogenesis of FGIDs. Clinically, this polymorphism was associated with higher
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FGID and EIFD burden, especially in IBS patients. Importantly, the presence of a minor G
allele in the FGID cohort translated into significantly greater IBS symptom severity, bother
and more symptomatic days. These findings indirectly suggest that changes in sympathetic
tone related to this polymorphism may have a role in heightened awareness of both
gastrointestinal and extraintestinal symptoms in FGID patients. Alterations in ANS function
have been implicated in somatisation states and traits, which too may be associated with
both gastrointestinal (FGID) and extraintestinal (EIFD) diagnoses. Furthermore, conditions
such as fibromyalgia and chronic fatigue (which fall into the broad category of EIFD) often
are seen often in FGID patients.2’- 28 Qur results implicate genetic variations in autonomic
response as a potential link between FGIDs and somatic extraintestinal disorders. The
relationship between FGIDs and EIFDs is further supported by our observations regarding
HRQOL with respect to ADRB2 polymorphisms. Univariate and multivariate analysis
revealed a strong influence of the rs1042714 polymorphism on HRQOL in FGID subjects.
However, a multivariate model that included EIFDs and psychiatric comorbidity no longer
showed a similar relationship between this ADRB2 polymorphism and HRQOL. This
observation was informed by our mediational analyses, which suggest that the effect of this
ADRB2 polymorphism on HRQOL is partially mediated by its independent influence on
several clinical features, including FGIDs, EIFDs and psychiatric comorbidity. Lending
further indirect support of this hypothesis is our finding of parallel rises in the burden of
EIFDs and FGIDs among carriers of the rs1042714 risk allele.

Our study has several notable limitations. As with most genetic studies of a similar design
using a modest sample size, a false-positive association is always a consideration. This is
somewhat mitigated by the fact that we only evaluated two SNPs, which have both been
associated with other functional disorders in observational studies as well as alterations in
ADRB2 function at a cellular level. It has been suggested that genetic association studies in
common disorders, such as FGIDs, should have a sample size well over 1000 patients to
fully evaluate individual SNPs, emphasising the need for these results to be confirmed in
larger, multisite population-based studies. However, our results underscore the importance
of continued hypothesis-driven genetic work, which will both inform and inspire future
prospective studies. Second, the control group was composed of a convenience sample
rather than age- and gender-matched controls. This potentially introduces confounding
demographic variables within our control group; we feel that the likelihood of this is low, as,
on multivariable analysis, neither age nor gender was found to influence our findings. Also,
we did not collect data on specific FGID treatments at the time of GI symptom assessments;
this could have confounded the patient symptom ratings. Furthermore, it should be
emphasised that this cohort has been derived from a tertiary referral centre where subjects
generally demonstrate a high degree of both FGID and EIFD comorbidity. This may limit
the generalisability of our findings, and it may be that the observations relating to ADRB2
may be particularly relevant to this highly comorbid subset of FGID patients.

It might be anticipated based on the observations in the current work that the use of beta-
antagonist pharmacotherapies could be useful in the management of IBS-associated
abdominal pain. Indeed, such approaches have been shown to be effective in preventing and
improving pain symptoms among other chronic nongastrointestinal pain conditions, such as
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fibromyalgia, temporomandibular joint disorder and migraine headaches.2% 30 The results in
using beta-blockers to treat IBS are mixed, albeit in small trials and case reports using both
selective and nonselective beta-antagonists.31: 32 Additional work is needed to clarify
whether beta-blockade is more effective in patients with enhanced susceptibility (e.g. those
with up-regulated adrenergic responses resulting from genetic variations in receptor
regulation and configuration).

In conclusion, the results of our study implicate the rs1042714 ADRB2 polymorphism as a
risk factor for the development of FGIDs and EIFDs. Furthermore, this ADRB2
polymorphism portends a more symptomatic FGID phenotype, which reports poorer
HRQOL. These findings lend further evidence of a role of genetic factors, and more
specifically the key role of autonomic nervous system dysfunction in the pathogenesis,
symptom experiences and quality of life in FGID patients.
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Figure 1.
Beta-2 adrenergic receptor (ADRB2) polymorphisms. The ADRB2 extracellular domain

contains two polymorphisms, Argl6Gly (rs1042713; B16) and Glu27GIn (rs1042714; B27).
Both are missense polymorphisms (orange), which lead to alterations in amino acid
sequence. In the case of rs1042714, this may lead to decreased receptor degradation and
down-regulation, in turn enhancing adrenergic response. The silent polymorphisms (green)
have no known effect on amino acid sequence.
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Gastrointestinal symptom burden among functional Gl disorder (FGID) subgroups by
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Figure 3.

Health-related quality of life (HRQOL) in functional Gl disorder (FGID) by rs1042714
genotype. *P < 0.03 for each.
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Figure 4.
Extraintestinal functional disorders (EIFDs) and Beta-2 adrenergic receptor (ADRB2)

rs1042714 polymorphisms. Minor G allele carriers were at an increased risk for EIFDs, with
the number of EIFDs increased in parallel with the number of FGIDs detected in the
individual.
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Figurebs.
Mediational analyses. The effect of Beta-2 adrenergic receptor (ADRB2) rs1042714

genotype on health-related quality of life (HRQOL). Standard correlation coefficients for
each of the variables are shown, with unstandardised regression coefficients reported in
parentheses. Sobel tests provide the overall significance of the putative mediational model
(*P < 0.05; **P < 0.01; ***P < 0.001).
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FGID (n=170) Healthy controls(n=228) P value
Age, mean = S.E.M. 43.9+6.3 542+11 0.08
Female gender (%) 135 (79.4) 138 (60.5) <0.001
Total no. Rome 111 diagnoses 1.6+0.04 N/A
Irritable bowel syndrome (IBS)” 139 (34.9)
IBS-D 44 (11.0)
IBS-C 18 (4.5)
IBS-M 77 (19.3)
Functional dyspepsia (FD) 136 (34.1)
Postprandial distress (PDS) 85 (21.3)
Epigastric pain syndrome (EPS) 92 (23.1)
Functional chest pain 25 (6.2)
G| symptom severity [VAS] 72+0.1
G| Symptom bother [VAS] 71+0.2
G| Symptom frequency [days/last 2 weeks] 9.7+0.3
SF36 totalt 49.0+1.7 700£23 <0.001
SF36 physical 428+18 63.9+2.6 <0.001
SF36 mental 50.7+1.8 704+1.8 <0.001
Any extraintestinal functional diagnoses (EIFD)I 100 (59.9) 45(19.9) <0.001
No. extraintestinal functional diagnoses (EIFDs), mean 1.5+0.2 0.7+£0.2 <0.001
Any psychiatric diagnosis* 90 (53.9) 60(26.5) <0.001
Depression 70 (41.9) 44 (19.5) <0.001
Anxiety disorder 55 (32.9) 27 (11.9) <0.001
ADRB2 genotypes§
rs1042713
AA 24 (14.9) 44 (20.8) 0.15
AG 82 (50.9) 105 (49.5)
GG 55 (34.2) 63 (29.7)
rs1042714
GG 29 (18.0) 24 (10.8) 0.004
CG 81 (50.3) 99 (44.6)
cc 51 (31.7) 99 (44.6)

*
Percentages listed for individual FGIDs reflect an overall percentage within the entire study cohort.

TSF36 data were available in most FGID subjects (n = 165), but only in a subset (n = 71) of healthy controls.

iEIFD and psychiatric diagnosis data were unavailable in 5 individuals (3 healthy controls, and 2 FGID subjects).
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§ADRBZ genotyping was unsuccessful for rs1042714 in 15 subjects (9 FGID, 6 controls) and for rs1042713 in 25 subjects (9 FGID and 16
controls). Percentages shown apply the total number of individuals successfully genotyped as the denominator.
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