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Abstract

Fatigue is the most common extraintestinal symptom in women with irritable bowel syndrome (IBS). Genetic polymorphisms of
monoamines are associated with fatigue in many chronic diseases. In this pilot exploratory study, the primary aim was to
determine whether genetic polymorphisms of tryptophan hydroxylase (TPHI/TPH2), serotonin reuptake transporter (SERT),
or catechol-O-methyltransferase (COMT) are associated with fatigue in women with IBS. Additionally, analysis explored whether
these genetic associations with fatigue would be present when controlling for abdominal pain, psychological distress, feeling
stressed, and sleepiness during the day. Secondary analysis of two randomized controlled trial baseline data sets in Caucasian
women with IBS (N = 185) was conducted. Participants kept a daily diary with one dimension (i.e., severity) for each of the 26
symptoms, including fatigue, for 28 days prior to randomization. DNA samples were tested for single-nucleotide polymorphisms
(SNPs) of TPH | (four SNPs)/TPH2 (one SNP), SERT (one SNP), and COMT (one SNP). Analysis of covariance was used to examine
associations of percentage of diary days with moderate to very severe symptoms with genetic polymorphisms. Only one SNP, TPH2
rs4570625, was significantly associated with fatigue (p = .005). T-allele (low functional) carriers of TPH2 (i.e., G/T or T/T
genotypes) reported a greater percentage of days with moderate to very severe fatigue than G/G homozygotes (p = .001). Reduced
synthesis of tryptophan in the central nervous system may contribute to reports of fatigue in women with IBS. Understanding

genetic risk factors for fatigue may elucidate preemptive strategies to reduce fatigue in individuals with IBS.
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Approximately 10-20% of all adults in the United States meet
the diagnostic criteria for irritable bowel syndrome (IBS), and
women are more frequently diagnosed with IBS than men
(Drossman, 2016). IBS is a common functional gastrointestinal
(GI) disorder characterized by abdominal pain or discomfort
accompanied by a disturbance in defecation. The etiology and
pathophysiology of IBS are complex and likely multifactorial
and include genetics. According to the Rome IV criteria, IBS is
subtyped by bowel habits (i.e., constipation-dominant [IBS-C],
diarrhea-dominant [IBS-D], a mix of constipation and diarrhea,
and IBS-unsubtyped). Individuals with IBS often report other
GI (e.g., bloating, urgency) and non-GI symptoms, such as
fatigue and psychological distress (Lackner, Gudleski,
DiMuro, Keefer, & Brenner, 2013).

Fatigue is one of the most common and disturbing extrain-
testinal symptoms reported by patients with IBS (Frindemark,
Jakobsson, Tornblom, Simrén, & Jakobsson, 2017; Lackner
et al., 2013). In a systematic review and meta-analysis of fati-
gue in IBS (24 studies), the pooled prevalence of fatigue in IBS
was 54.2% (Han & Yang, 2016). Fatigue in IBS is associated

with reduced health-related quality of life and higher health-
care costs (Lackner et al., 2013). It is positively correlated with
severity of abdominal pain (Heitkemper et al., 2011), psycho-
logical distress (i.e., depression, and anxiety; Han & Yang,
2016; Lackner et al., 2013), poor sleep and stress (Lackner
et al., 2013).
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The underlying mechanisms of fatigue (including genetics)
in IBS are unknown. However, authors have described associa-
tions between fatigue and genetic variation in monoamine neu-
rotransmitter systems in reviews of the genetics of fatigue in
other patient groups, such as patients with chronic fatigue syn-
drome (CFS), hepatitis, and breast cancer (Landmark-Heyvik
et al., 2010; Wang, Yin, Miller, & Xiao, 2017). Tryptophan
hydroxylase (TPH) is the rate-limiting enzyme in the synthesis
of serotonin. TPH1 is mostly expressed in the periphery, and
TPH2 is exclusively expressed in neurons in the central ner-
vous system (CNS; Smith, White, Aslakson, Vollmer-Conna,
& Rajeevan, 2006). Although less is known about the associa-
tions of the TPHI gene with fatigue in humans, one animal
study showed that TPHI-knockout mice exhibited behaviors
reflective of fatigue such as decreased physical activity (Coté
et al., 2003). Low expression of the TPH2 gene in the brain is
positively associated with subjective fatigue in patients with
CFS (Goertzel et al., 2006; Smith et al., 2006) and in patients
with a diagnosis of depressive disorder (Utge et al., 2010). Low
TPH2 gene expression in the brain was also associated with
negative affective traits (e.g., anxiety, depression, fatigue, and
aggression) in 420 German patients with personality disorders
(Gutknecht et al., 2007), in 334 healthy Japanese adults (Latsko
etal., 2016), and in 85 healthy Caucasian adults (Strobel et al.,
2007). Therefore, there is some support for the link between
TPHI/TPH?2 genes and fatigue. Such findings suggest there
would be value in examining the association of TPHI/TPH?2
genes with fatigue along with psychological distress in IBS.

The serotonin transporter (SERT) gene regulates the reup-
take of serotonin in the synaptic cleft. In one study, the / allele
frequency was more prevalent in 78 Japanese patients with CFS
as compared to 50 healthy volunteers (Narita et al., 2003). In a
cross-sectional study in healthy Russian men and women
reporting fatigue (N = 143), men with the // genotype had
lower levels of serum serotonin and more reports of fatigue
than those with the s genotype (Maluchenko et al., 2009). In
contrast, women with the s genotype experienced more severe
fatigue. In a systematic review of the role of antidepressants,
including serotonin-selective reuptake inhibitors (SSRIs), in
patients with CFS, the authors stated that the findings regarding
the use of SSRIs for fatigue are inconsistent, and the efficacy of
these medications in these patients needs further exploration
(Pae et al., 2009). Catechol-O-methyltransferase (COMT) is
one of the several enzymes that degrade catecholamines (Som-
merfeldt, Portilla, Jacobsen, Gjerstad, & Wyller, 2011). The
methionine (Met) allele of COMT Vall58Met polymorphism
results in a 3- to 4-fold decrease in the activity of the COMT
enzyme, compared to the valine (Val) allele. Sommerfeldt et al.
found that patients with CFS (N = 53) with the COMT Val158-
Met single-nucleotide polymorphism (SNP) rs4680 had a
higher frequency of the Met/Met genotype and a lower fre-
quency of the Val allele. Whether the polymorphisms of these
serotonin and catecholamine-related genes are associated with
fatigue in IBS remains unexplored.

Because of the established roles of these monoamine neuro-
transmitters in colonic motility, visceral pain sensitivity, and

emotional regulation, the fatigue-related genetic polymorph-
isms of TPH1/TPH2, SERT, and COMT may also be important
in IBS. Minor alleles of TPHI and TPH?2 were positively asso-
ciated with self-report of diarrhea and loose stools in Caucasian
women with IBS (Jun, Kohen, Cain, Jarrett, & Heitkemper,
2011). Other researchers found associations between the s/s
(less functional) genotype of SERT polymorphisms and
abdominal pain (Colucci et al., 2013) and depression and
anxiety (Jarrett et al., 2007) in Caucasian men and women
with IBS. Han et al. (2017) found that IBS patients with at
least one Val allele of COMT Vall58Met benefited (i.e.,
reduced psychological distress and abdominal pain) more
from comprehensive self-management than those who were
homozygous for the Met allele.

Taken together, the roles of genetic polymorphisms of 7PH,
SERT, and COMT in fatigue in other chronic diseases and in
symptoms of IBS suggest that these polymorphisms may be
potential risk factors for fatigue in patients with IBS. The pri-
mary aim of this pilot study was to explore possible associa-
tions of genetic polymorphisms of TPHI/TPH2, SERT, and
COMT genes with fatigue in women with IBS. Given the pos-
itive associations of fatigue with frequent cooccurring symp-
toms (Han & Yang, 2016; Heitkemper et al., 2011; Lackner
et al., 2013), as an exploratory aim we also sought to determine
whether the relationships of these genetic polymorphisms with
fatigue were influenced by abdominal pain, psychological dis-
tress (anxiety and depression), sleepiness, or feeling stressed.

Method
Design, Settings, and Participants

Women and men with IBS, 18-70 years of age, were recruited
from two prior randomized clinical trials on the effectiveness
of comprehensive self-management, conducted at the Univer-
sity of Washington in the Pacific Northwest (Study 1, Jarrett
et al., 2009; Study 2, Jarrett et al., 2016). Studies 1 and 2 used
similar eligibility criteria and research procedures (i.e., inclu-
sion/exclusion criteria, diagnostic criteria, recruitment), which
are described in previous publications (Jarret et al., 2009; Jarret
et al., 2016). For the current study, we used only data from the
baseline periods limited the sample to Caucasian women
because men and non-Caucasian women were not sufficiently
represented. A total of 185 Caucasian women were included in
the present study (n = 123 from Study 1, n = 62 from Study 2).

Ethical Considerations

The two parent studies received institutional review board
(IRB) approval from the University of Washington Human
Subject Division prior to recruitment. The IRB approval was
renewed annually until each study was closed. Investigators
obtained written consent, including for deoxyribonucleic acid
(DNA) genetic testing, prior to collecting baseline data.
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Procedures

In both parent studies, eligibility screening of participants
occurred over the phone. A research nurse met with parti-
cipants who met study criteria in person and obtained writ-
ten informed consent. The nurse then conducted a health
interview and completed baseline questionnaires that
included demographic data and clinical/symptom character-
istics. After the in-person visit, the participant completed a
daily diary each evening for 28 days at home. Following
the initial visit, a research nurse collected 10 ml of ethyle-
nediaminetetraacetic acid—anticoagulated blood by veni-
puncture and sent it to the university laboratory. Blood
samples were centrifuged and used for genotyping. In this
secondary data analysis, we used demographic data, clinical/
symptom characteristics, daily diary data, and DNA samples
collected as the baseline assessments before randomization
into study groups occurred.

Measures

Demographic data and clinical/lsymptom characteristics. Partici-
pants provided information regarding their age, race and ethni-
city, marital status, education, occupation, and annual personal
income levels using a demographic questionnaire. General his-
tory and IBS-specific history were assessed using a Health
History Questionnaire (mean Cronbach’s o = .93). IBS
bowel-pattern subtypes (e.g., IBS-D, IBS-C) were assessed in
Study 1 with the Rome II Diagnostic Questionnaire (mean
Cronbach’s o = .95; Drossman, Corazziari, Talley, Thompson,
& Whitehead, 2000) and in Study 2 with the Rome III Diag-
nostic Questionnaire (mean Cronbach’s o = .98; Thompson,
Drossman, Talley, Walker, & Whitehead, 2006).

Daily symptom diary. Participants completed a daily symptom
diary over 28 consecutive days during the baseline assessment
period prior to randomization. Every day, women recorded
symptom severity over the past 24 hr for each of 26 symptoms
including fatigue, abdominal pain, psychological distress (i.e.,
depression or anxiety), feeling stressed, and sleepiness during
the day. Each symptom item assessed one dimension of a
symptom. Participants rated each symptom on a Likert-type
scale of 0 (not present), 1 (mild), 2 (moderate), 3 (severe), and
4 (very severe) for 28 days. For each woman, we collapsed the
daily symptom assessments over the 28 days into the percent-
age of days with moderate to very severe symptoms (e.g.,
[numbers of days with moderate, severe, or very severe fati-
gue/28 days] x 100%). For present study, fatigue was the pri-
mary focus. We also included abdominal pain, psychological
distress, feeling stressed, and sleepiness during the day as cov-
ariates associated with fatigue.

In our prior study, the daily diary demonstrated good relia-
bility. The internal consistency had a mean Cronbach’s oo = .74
in 61 women with dysmenorrhea (Jarrett, Heitkemper, & Sha-
ver, 1995). In the current study, the internal consistency had a
mean Cronbach’s oo = . 93. For the test—retest reliability of the

current study, we measured the intraclass correlation coeffi-
cient with baseline diary data between mean symptom severity
for first 2 weeks and mean symptom severity for last 2 weeks.
The daily diary had good stability (test-retest reliability for
fatigue: r = .77, p < .001; test—retest reliability of the six
symptoms used in this analysis ranged from » = .76 to .77).
We evaluated the construct validity using a Pearson correla-
tion, that is, the correlation between the mean fatigue severity
for the 28 diary days and the mean energy-subscale score of
IBS-quality-of-life (QOL) Questionnaire. The energy-
subscale item is, “During the past 4 weeks, how much of the
time did you feel emotionally or physically worn out and tired
because of your IBS?” which respondents rated on a Likert-
type scale of 1 (every day) to 5 (none). A higher score denotes
better QOL. The mean fatigue severity of daily diary was
negatively correlated with the mean energy subscale of IBS-
QOL (r = —.34, p <.001), indicating good construct validity
because the two instruments measure opposite concepts
(i.e., fatigue vs. energy QOL).

Genotyping

DNA was isolated from whole blood using buffy coat prepara-
tions and Puregene DNA purification kits (Gentra Systems,
Inc., Minneapolis, MN, for TPH and SERT genes; Qiagen
Sciences LLC, Louisville, KY, for COMT gene) according
to the manufacturer’s instructions. TagMan protocol with a
polymerase chain reaction (PCR) was used for SNP genotyp-
ing. In the parent studies (Jarrett et al., 2016; Jarrett et al.,
2009), tagging SNPs were required to be common (defined as
having a minor-allele frequency > 0.05) in public databases
(e.g., HapMap). The quality-control filtering of all SNPs was
performed in the parent studies to exclude SNPs with call
rates of <95% or Hardy—Weinberg p values of <.001. Mea-
sures of linkage disequilibrium (LD) were computed in the
parent studies from the participants’ genotypes with Haplo-
view 4.2 (Jarrett et al., 2009, 2016). Based on the literature
(Landmark-Heyvik et al., 2010; Wang et al., 2017), we used
preselected genes and SNPs of serotonin and catecholamines
from the existing data set collected by the parent studies
(Jarrett et al., 2009, 2016), selecting TPHI/TPH2, SERT
(short/long allele), and COMT Vall58Met genes were
selected for the present study. The seven SNPs from the exist-
ing data set were rs4537731 (promoter), rs684302 (intron 2),
rs211105 (intron 3), and rs1800532 (intron 7) of TPHI,
154570625 (promoter) of TPH2; rs25531 (promoter) of SERT;
and rs4680 (exon 4) of COMT.

Statistical Analyses

Power analysis. The sample size of 185 for the current analysis
was determined by the parent studies (Jarrett et al., 2009,
2016), which were powered for the primary aims of those
studies. With this sample size (N = 185), a three-group anal-
ysis of covariance (ANCOVA) has 80% power with an
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Table I. Demographic and Clinical/Symptom Characteristics of Women With Irritable Bowel Syndrome (IBS).
Study | Study 2 Merged
Characteristic n=123 n=62 N =185 p*
Age in years, mean (SD) 449 (14.1) 41.0 (14.7) 43.4 (14.5) .187
Married/partnered, n (%) 65 (52.8) 32 (51.5) 97 (52.4) 532
>Bachelor’s degree, n (%) 77 (62.6) 39 (62.9) 116 (62.7) 488
Income >$ 60,000/year, n (%) 22 (17.9) 16 (25.0) 38 (20.5) 123
Bowel-pattern subtypes, n (%) 121
Constipation (IBS-C) 28 (22.8) 22 (35.3) 50 (26.9)
Diarrhea (IBS-D) 61 (49.6) 30 (48.5) 91 (49.2)
Mixed (IBS-M) 19 (15.4) 9 (14.7) 28 (15.1)
Unknown (IBS-U) 15(12.2) I (1.5) 16 (8.6)
% of days with moderate to very severe symptoms,” mean (SD)
Fatigue 36.2 (22.4) 36.6 (27.2) 36.4 (21.3) 267
Abdominal pain 37.3 (26.2) 40.1 (27.2) 38.1 (26.5) 487
Depression 10.6 (16.5) 10.3 (20.9) 10.5 (17.8) 917
Anxiety 19.8 (22.3) 21.6 (26.4) 20.3 (23.5) .596
Feeling stressed 25.8 (24.5) 32.3 (30.1) 27.5 (26.2) .097
Sleepiness during the day 25.6 (25.4) 31.9 (27.8) 27.4 (26.2) 1o
Duration (years) of IBS symptomology, mean
SD 9.9 (0.9) 10.1 (1.1) 10.0 (0.7) 952

Note. SD = standard deviation.

2Testing differences in demographic data and clinical/symptom characteristics between Study | and Study 2. °From a daily diary for 28 days.

a value of .05 for detecting an effect size of f = 0.30
(moderate-to-large effect size).

Data analysis. Descriptive statistics were used to calculate the
mean and standard deviation (SD) or the total number and
percentage of outcome variables. Group differences between
Study 1 and Study 2 in demographic data, clinical/symptom
characteristics, and the frequency of genetic polymorphisms
were tested for using Student’s # test and y? test. For our pri-
mary aim, ANCOVA was used to explore associations of
genetic polymorphisms with percentage of days with moderate
to very severe fatigue. Age was adjusted as a covariate because
it was associated with fatigue (» = .12, p =.023). In preliminary
analyses of these baseline data in our study (N = 185), the
percentage of days with moderate to very severe fatigue was
significantly (p < .001) and positively correlated with the per-
centage of days with moderate to very severe abdominal pain
(r = .72), anxiety (r = .66), depression (r = .69), feeling
stressed (r = .79), and sleepiness during the day (» = .54).
Therefore, for the exploratory aim the ANCOVA was repeated,
controlling for these fatigue-related symptoms as covariates. A
p value < .05 was considered statistically significant, and all
tests were two-tailed. To adjust for multiple comparisons and
correct for Type I error, we used a Bonferroni adjustment. We
tested one hypothesis (i.e., association of percentage of days
with moderate to very severe fatigue) and seven SNPs; hence,
we considered a p value < .05/7 = .007 to be significant.
Unadjusted p values were presented and compared to the
threshold of <.007. The analyses were performed with IBM
SPSS Statistics for Windows, version 22.0 (SPSS, Inc.,
Armonk, NY: IBM Corp).

Results
Demographic Data and Clinical/Symptom Characteristics

There were no statistically significant differences in demo-
graphic data or clinical/symptom characteristics (i.e., bowel-
pattern subtypes, mean daily symptoms, and duration of illness)
between Study 1 and Study 2 participants (Table 1) or in the
frequency of genetic polymorphisms of 7PH, SERT, and COMT
between the two studies (data not shown). In the merged data set,
the majority of participants had a college or graduate-level
degree (63%), and IBS-D was the most common IBS subtype
(49%). Women reported on average 36% of days with moderate
to very severe fatigue (Table 1). Medications they used included
tricyclic antidepressants (3%), SSRIs (22%), oral contraceptives
(68%), and Vitamin C as antioxidant (20%; data not shown).

Genetic Associations With Fatigue

There were significant mean differences in percentage of days
with moderate to very severe fatigue (unadjusted p = .005) by
polymorphisms of 7PH2 SNP rs4570625 (Table 2). Fatigue
severity was higher in women with G/T and T/T genotypes com-
pared to the G/G homozygotes. However, there were no statisti-
cally significant differences in fatigue between the G/T and T/T
genotypes (Table 2). We found no significant differences in fati-
gue by the other polymorphisms of TPHI SNPs, SERT, or COMT
genes. TPHI rs211105 was associated with fatigue with a trend
toward significance (unadjusted p = .051), but this became non-
significant with a Bonferroni correction (Table 2). Based on these
results, we performed a post hoc analysis, in which we combined
G/T and T/T genotype carriers into one group as T-allele carriers
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Table 2. Differences in Fatigue by Polymorphisms of TPHI, TPH2,
SERT, and COMT Genes in Women with Irritable Bowel Syndrome.

Genotype Fatigue® p° p°
TPHI (rs4537731) 857 806
AA (n =T72) 37.8 (28.0)
AG (n = 91) 35.5 (23.8)
GG (n =22) 36.1 (28.3)
TPHI (rs684302) 538 833
CC (n = 59) 34.6 (26.1)
CT (n = 94) 36.1 (25.3)
TT (n = 32) 409 (27.7)
TPHI (rs211105) .051 .060
TT (n = 109) 40.2 (27.3)
GT (n =70) 30.6 (22.8)
GG (n = 6) 39.5 (27.1)
TPHI (rs1800532) 525 923
CC (n = 63) 34.9 (26.0)
AC (n =91) 359 (25.2)
AA (n = 31) 412 (28.1)
TPH2 (rs4570625)° .005% <.001%
GG (n = 115) 31.7 (24.8)
GT (n = 6l) 43.6 (27.4)
TT(h=9) 48.9 (14.8)
SERT (rs25531)¢ 341 422
s/s (n = 36) 38.7 (28.3)
s/l (n = 84) 36.9 (25.3)
Il (n = 64) 30.9 (22.6)
COMT (rs4680) 434 286
Val/Val (n = 43) 33.6 (25.8)
Val/Met (n = 93) 35.7 (26.9)
Met/Met (n = 49) 40.4 (24.3)

Note. N = 185. Data are presented as mean (SD). All comparisons controlled
for age. COMT = catechol-O-methyltransferase; SERT = serotonin transpor-
ter; TPH = tryptophan hydroxylase.?Percentage of days with moderate to very
severe fatigue with a daily diary for 28 days. °Testing differences in fatigue by
genotype. “Testing differences in fatigue by genotype, controlling for percent-
age of days with moderate to very severe abdominal pain, depression, anxiety,
feeling stressed, and sleepiness during the day. 9Pairwise group comparisons
among genotypes: GG # GT p =.004, GG #TT p =.002, GT =TT p = .604.
°N = 184 due to missing genetic data.

(n = 70) and compared them to G/G homozygotes (n = 115).
The T-allele carriers showed a higher percentage of days with
moderate to very severe fatigue (mean + SD:31.7 + 24.5inG/G
genotype vs. 44.3 + 26.0 in T-allele carriers; unadjusted p =
.001, data not shown). The associations of TPH2 rs4570625
(either “G/G, G/T, T/T genotypes,” or “G/G and T-allele
carriers”) with fatigue were statistically significant, even after
controlling for multiple comparisons. When we controlled for
abdominal pain, psychological distress, feeling stressed, and slee-
piness during the day, the results did not change substantially
(Table 2). That is, the association of polymorphisms 7PH2 SNP
rs4570625 and fatigue remained statistically significant, when
we controlled for these covariates (p <.001).

Discussion

In this exploratory pilot study focusing on fatigue in women
with IBS, we found a significant association between

polymorphisms in the 7TPH2 SNP rs4570625 and the percent-
age of days with moderate to very severe fatigue in our sample.
The significant association of TPH2 rs4570625’s low-
expressing T allele with fatigue suggests that there may be
dysregulation of serotonin synthesis in the brain in a subset
of women with IBS.

Our TPH? finding is consistent with those of other investi-
gators who found significant associations of fatigue with minor
alleles of different 7TPH2 SNPs in other populations. Studies
reported positive associations of fatigue with other TPH2 SNPs
in Caucasian women with depression (rs1229394 in Utge et al.,
2010), in Caucasian women and men with CFS (rs1843075 in
Goertzel et al., 2006; rs 2171363, rs4760816, and rs4760750 in
Smith et al., 2006), and in Korean men and women following
stroke (rs10879355 in Choi-Kwon, Ko, Choi, & Kim, 2014).
Our findings also add to the list of symptoms in IBS for which
there may be a genetic vulnerability that involves the produc-
tion of serotonin. The T allele of TPH2 rs4570625 has been
associated with altered 7PH2 messenger RNA (mRNA)
expression (i.e., low functioning) in animal models (Chen, Val-
lender, & Miller, 2008; Scheuch et al., 2007) and humans
(Chen et al., 2008; Gutknecht et al., 2007; Latsko et al.,
2016; Markett et al., 2017). In addition, the T allele of TPH2
rs4570625 is positively associated with the risk of emotional
dysregulation in anxiety disorders (Gutknecht et al., 2007),
major depressive disorder (Gao et al., 2012), and poor impulse
and executive control (Strobel et al., 2007). Given that TPH2 is
primarily expressed by neurons in the CNS, T alleles that
reduce its expression may ultimately impact the amount of
serotonin available for neurotransmission in CNS areas associ-
ated with emotion regulation, perception, and sleep (Russo,
Kema, Bosker, Haavik, & Korf, 2009). Although the mechan-
ism of fatigue in IBS is unknown, we conjecture that the reduc-
tions in brain serotonin levels, such as may occur in T-allele
carriers, contribute either directly or indirectly (in concert with
other genetic and epigenetic factors) to fatigue.

When we adjusted for fatigue-related symptoms as covari-
ates (i.e., abdominal pain, psychological distress, feeling
stressed, and sleepiness during the day), the association of
TPH?2 rs4570625 with fatigue did not change substantially and
remained significant. This finding indicates that the link
between TPH2 polymorphisms and fatigue is not likely due
to effects of symptoms comorbid with fatigue in IBS. We pre-
viously reported that TPH2 rs4570625 is not associated with
daily abdominal pain and bowel-pattern subtypes or overall
psychological distress in IBS (Jun et al., 2011). Thus, the rela-
tionship of this SNP to fatigue may be unique or distinct from
its relationship to other symptoms reported by women with
IBS. Despite reports in the literature of possible associations
of TPHI1, SERT, and COMT with fatigue in other patient groups
(Landmark-Heyvik et al., 2010; Wang et al., 2017), we did not
find significant associations between polymorphisms of these
genes and fatigue in our IBS population. This inconsistency
could be due to the heterogeneities in participant characteristics
across studies and in fatigue measures or to the possibility that
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Gene x Environment or Gene x Drug interactions moderate
genetic associations with fatigue.

Limitations. This study had several important limitations. Over-
all, genetic association studies require large sample sizes,
which were beyond the potential of this exploratory study.
Although SNP 154570625 may be important in terms of affect-
ing the expression of TPH2 through modification of transcrip-
tion factor binding sites (Latsko et al., 2016; Markett et al.,
2017), the functional elements of the TPH2 gene remain to
be clarified. The majority of participants were middle-aged and
Caucasian women who volunteered for a self-management
intervention; thus, they may not accurately represent all
patients with IBS. Furthermore, we tested only a limited num-
ber of SNPs for the seven candidate genes and did not cover all
of the different SNPs or haplotypes of the other possible can-
didate genes (e.g., cytokines) in relation to fatigue. Lastly, we
used a one-dimension daily diary item for each symptom. A
major advantage of a one-dimension measure is the reduction
in participant burden. However, one-dimension measures are
limited in their capture of the full range of symptom charac-
teristics (Diamantopoulos, Sarstedt, Fuchs, Wilczynski, & Kai-
ser, 2012). In the current study, it is unknown whether the
fatigue item reflects physical or mental fatigue.

Research implications. Because fatigue is multidimensional
(Lackner et al., 2013), we suggest replication studies be con-
ducted that use validated multidimensional fatigue measures
such as the Fatigue Impact Scale and Patient-Reported Out-
comes Measurement Information System—Fatigue including
physical, cognitive, and social fatigue. Measures of regular
physical activity levels, antioxidant use, and objective sleep
quality may provide greater insight into factors that negatively
or positively contribute to fatigue levels. We also suggest the
use of mRNA or proteomics analyses to better describe how
alterations in serotonergic pathways relate to fatigue in IBS.

Clinical implications. Determination of unique genetic markers
would allow for identification of patients with IBS at higher
risk of fatigue. Knowledge of genetic risk factors could assist
clinicians in providing early preventive measures and more
targeted clinical or supportive-care interventions beyond
bowel-pattern regulation for those patients identified as being
vulnerable to fatigue. For example, physical activity has been
shown to increase central tryptophan and serotonin levels
(Young, 2007). However, for the present findings to be used
for meaningful clinical decision-making, additional large-scale
studies are warranted.

Conclusions

This pilot study was the first to examine the associations of
genetic polymorphisms of TPHI/TPH2, SERT, and COMT
with fatigue in women with IBS. We found a significant asso-
ciation between the TPH?2 gene and fatigue. Women with IBS
who carry the T allele (less functional) in TPH2 rs4570625 may

be at greater risk of experiencing fatigue. Increased under-
standing of the genetic mechanisms of fatigue may lead to
better prediction of risk for fatigue and personalized symptom
management in IBS.

Author Contributions

C. Han contributed to conception and design contributed to acquisi-
tion, analysis, and interpretation; drafted the manuscript; critically
revised the manuscript; gave final approval; agrees to be accountable
for all aspects of work ensuring integrity and accuracy. M. Jarrett
contributed to conception, drafted the manuscript, gave final approval,
and agrees to be accountable for all aspects of work ensuring integrity
and accuracy. K. Cain contributed to analysis and interpretation,
drafted the manuscript, gave final approval, and agrees to be accoun-
table for all aspects of work ensuring integrity and accuracy. S. Jun
contributed to acquisition, drafted the manuscript, gave final approval,
and agrees to be accountable for all aspects of work ensuring integrity
and accuracy. M. Heitkemper contributed to conception, critically
revised the manuscript, gave final approval, and agrees to be accoun-
table for all aspects of work ensuring integrity and accuracy.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: Parent
studies for this secondary data study were supported by the U.S.
National Institutes of Health, National Institute of Nursing Research
(Grant Nos. NR004142 and P30 NR04001). First author, Claire Han,
was also supported in part by the National Cancer Institute (NCI)
Biobehavioral Cancer Prevention and Control Training Program
(Grant No. 5T32CA092408-17) at the University of Washington,
Department of Public Health, and the Fred Hutchinson Cancer
Research Center, Seattle, WA.

References

Chen, G. L., Vallender, E. J., & Miller, G. M. (2008). Functional
characterization of the human TPH2 5’ regulatory region: Untrans-
lated region and polymorphisms modulate gene expression in vitro.
Human Genetics, 122, 645-657.

Choi-Kwon, S., Ko, M. H., Choi, S. Y., & Kim, J. S. (2014). Post
stroke emotional dysfunction and fatigue are related to tryptophan
hydroxylase 2 polymorphisms [Abstract]. Stroke, 45, AWMP 11.

Colucci, R., Gambaccini, D., Ghisu, N., Rossi, G., Costa, F., Tuccori,
M., ... Bellini, M. (2013). Influence of the serotonin transporter
SHTTLPR polymorphism on symptom severity in irritable bowel
syndrome. PLoS One, 8, e54831.

Coteé, F., Thévenot, E., Fligny, C., Fromes, Y., Darmon, M., Ripoche,
M. A., ... Vodjdani, G. (2003). Disruption of the nonneuronal
TPH1 gene demonstrates the importance of peripheral serotonin
in cardiac function. Proceedings of the National Academy of Sci-
ence US A, 100, 13525-13530.

Diamantopoulos, A., Sarstedt, M., Fuchs, C., Wilczynski, P., & Kai-
ser, S. (2012). Guidelines for choosing between multi-item and
single-item scales for construct measurement: A predictive validity



78

Biological Research for Nursing 21(1)

perspective. Journal of the Academy of Marketing Science, 40,
434-449.

Drossman, D. A. (2016). Functional gastrointestinal disorders: His-
tory, pathophysiology, clinical features, and Rome IV. Gastroen-
terology, 150, 1262—1279.

Drossman, D. A., Corazziari, E., Talley, N. J., Thompson, W. G., &
Whitehead, W. E. (2000). Research diagnostic questions for func-
tional gastrointestinal disorders. Rome II Modular questionnaire:
Investigator and respondent forms. In D. A. Drossman, E. Coraz-
ziari, N. J. Talley, W. G. Thompson, & W. E. Whitehead (Ed.),
Rome II: The functional gastrointestinal disorders (pp. 669—688).
Lawrence, KS: Allen Press.

Frindemark, A,, Jakobsson, E., Térnblom, H., Simrén, M., & Jakobs-
son, S. (2017). Fatigue: A distressing symptom for patients with
irritable bowel syndrome. Neurogastroenterology & Motility, 29,
€12898. doi:10.1111/nmo.12898

Gao, I, Pan, Z., Jiao, Z., Li, F., Zhao, G., Wei, Q., ... Evangelou, E.
(2012). TPH2 gene polymorphisms and major depression—A
meta-analysis. PloS One, 7, €36721.

Goertzel, B. N., Pennachin, C., Coelho, L. D., Gurbaxani, B., Mal-
oney, E. M., & Jones, J. F. (2006). Combinations of single nucleo-
tide polymorphisms in neuroendocrine effector and receptor genes
predict chronic fatigue syndrome. Pharmacogenomics, 7,
475-483.

Gutknecht, L., Jacob, C., Strobel, A., Kriegebaum, C., Miiller, J.,
Zeng, Y., ... Lesch, KP. (2007). Tryptophan hydroxylase-2 gene
variation influences personality traits and disorders related to emo-
tional dysregulation. International Journal of Neuropsychophar-
macology, 10, 309-320. doi:10.1017/s1461145706007437

Han, C. J., Kohen, R., Jun, S., Jarrett, M. E., Cain, K. C., Burr, R., &
Heitkemper, M. M. (2017). COMT Vall58Met polymorphism and
symptom improvement following a cognitively focused interven-
tion for irritable bowel syndrome. Nursing Research, 66, 75-84.

Han, C. J., & Yang, G. S. (2016). Fatigue in irritable bowel syndrome:
A systematic review and meta-analysis of pooled frequency and
severity of fatigue. Asian Nursing Research, 10, 1-10. doi:10.
1016/j.anr.2016.01.003

Heitkemper, M., Cain, K. C., Shulman, R., Burr, R., Poppe, A., &
Jarrett, M. (2011). Subtypes of irritable bowel syndrome based on
abdominal pain/discomfort severity and bowel pattern. Digestive
Diseases and Sciences, 56, 2050-2058. doi:10.1007/s10620-011-
1567-4

Jarrett, M. E., Cain, K. C., Barney, P. G., Burr, R. L., Naliboff, B. D.,
Shulman, R., ... Heitkemper, M. M. (2016). Balance of auto-
nomic nervous system predicts who benefits from a self-
management intervention program for irritable bowel syndrome.
Journal of Neurogastroenterolgy and Motility, 22, 102—111. doi:
10.5056/jnm15067

Jarrett, M. E., Cain, K. C., Burr, R. L., Hertig, V. L., Rosen, S. N., &
Heitkemper, M. M. (2009). Comprehensive self-management for
irritable bowel syndrome: Randomized trial of in-person vs. com-
bined in-person and telephone sessions. American Journal of Gas-
troenterology, 104, 3004-3014. doi:10.1038/ajg.2009.479

Jarrett, M., Heitkemper, M. M., & Shaver, J. F. (1995). Symptoms and
self-care strategies in women with and without dysmenorrhea.
Health Care for Women International, 16, 167-178.

Jarrett, M. E., Kohen, R., Cain, K. C., Burr, R. L., Poppe, A., Navaja,
G. P., & Heitkemper, M. M. (2007). Relationship of SERT poly-
morphisms to depressive and anxiety symptoms in irritable bowel
syndrome. Biological Research for Nursing, 9, 161-169.

Jun, S., Kohen, R., Cain, K. C., Jarrett, M. E., & Heitkemper, M. M.
(2011). Associations of tryptophan hydroxylase gene polymorph-
isms with irritable bowel syndrome. Journal of Neurogastroenter-
olgy and Motility, 23, 233-239.

Lackner, J. M., Gudleski, G. D., DiMuro, J., Keefer, L., & Brenner, D.
M. (2013). Psychosocial predictors of self-reported fatigue in
patients with moderate to severe irritable bowel syndrome. Beha-
viour Research and Therapy, 51, 323-331.

Landmark-Heyvik, H., Reinertsen, K. V., Loge, J. H., Kristensen,
V.N., Dumeaux, V., Fossg, S, ... Edvardsen, H. (2010). The genet-
ics and epigenetics of fatigue. Physical Medicine and Rehabilitation,
2,456-465.

Latsko, M. S., Gilman, T. L., Matt, L. M., Nylocks, K. M., Coifman,
K. G., & Jasnow, A. M. (2016). A novel interaction between tryp-
tophan hydroxylase 2 (TPH2) gene polymorphism (rs4570625) and
BDNF Val66Met predicts a high-risk emotional phenotype in
healthy subjects. PLos One, 11, ¢0162585.

Maluchenko, N. V., Schegolkova, J. V., Kulikova, M. A., Timofeeva,
M. A., Shlepcova, V. A., Sysoeva, O. V., & Tonevitsky, A. G.
(2009). Gender effects on association of serotonin transporter gene
polymorphism with symptoms of central fatigue. Bulletin of
Experimental Biology and Medicine, 147, 462—465.

Markett, S., de Reus, M. A., Reuter, M., Montag, C., Weber, B.,
Schoene-Bake, J. C., & van den Heuvel, M. P. (2017). Serotonin
and the brain’s rich club-association between molecular genetic
variation on the TPH2 gene and the structural connectome. Cere-
bral Cortex, 27, 2166-2174. doi:10.1093/cercor/bhw059

Narita, M., Nishigami, N., Narita, N., Yamaguti, K., Okado, N., Wata-
nabe, Y., & Kuratsune, H. (2003). Association between serotonin
transporter gene polymorphism and chronic fatigue syndrome. Bio-
chemical and Biophysical Research Communications, 311,264-266.

Pae, C. U., Marks, D. M., Patkar, A. A., Masand, P. S., Luyten, P., &
Serretti, A. (2009). Pharmacological treatment of chronic fatigue
syndrome: Focusing on the role of antidepressants. Expert Opinion
on Pharmacotherapy, 10, 1561-1570.

Russo, S., Kema, 1. P., Bosker, F., Haavik, J., & Korf, J. (2009).
Tryptophan as an evolutionarily conserved signal to brain seroto-
nin: Molecular evidence and psychiatric implications. World Jour-
nal of Biological Psychiatry, 10, 258-268.

Scheuch, K., Lautenschlager, M., Grohmann, M., Stahlberg, S., Kirch-
heiner, J., Zill, P., ... Priller, J. (2007). Characterization of a func-
tional promoter polymorphism of the human tryptophan
hydroxylase 2 gene in serotonergic raphe neurons. Biological Psy-
chiatry, 62, 1288-1294. doi:10.1016/j.biopsych.2007.01.015

Smith, A. K., White, P.D., Aslakson, E., Vollmer-Conna, U., & Rajee-
van, M. S. (2006). Polymorphisms in genes regulating the HPA
axis associated with empirically delineated classes of unexplained
chronic fatigue. Pharmacogenomics, 7, 387-394.

Sommerfeldt, L., Portilla, H., Jacobsen, L., Gjerstad, J., & Wyller, V.
B. (2011). Polymorphisms of adrenergic cardiovascular control
genes are associated with adolescent chronic fatigue syndrome.
Acta Paediatrica, 100, 293-298.



Han et al.

79

Strobel, A., Dreisbach, G., Miiller, J., Goschke, T., Brocke, B., &
Lesch, K. P. (2007). Genetic variation of serotonin function and
cognitive control. Journal of Cognitive Neuroscience, 19,
1923-1931.

Thompson, G., Drossman, D. A., Talley, N. J., Walker, L., & White-
head, W. E. (2006). Rome III diagnostic questionnaire for the adult
functional GI disorders (including alarm questions) and scoring
algorithm. In G. Thompson, D. A. Drossman, N. J. Talley, L.
Walker, & W. E. Whitehead (Eds.), Rome III: The functional GI
disorders (3rd ed., pp. 917-951). McLean, VA: Degnon.

Utge, S., Soronen, P., Partonen, T., Loukola, A., Kronholm, E., Pir-
kola, S., ... Paunio, T. (2010). A population-based association
study of candidate genes for depression and sleep disturbance.
American Journal of Medical Genetics Part B: Neuropsychiatric
Genetics, 153B, 468-476. doi:10.1002/ajmg.b.31002

Wang, T., Yin, J., Miller, A. H., & Xiao, C. (2017). A systematic
review of the association between fatigue and genetic polymorph-
isms. Brain, Behavior, and Immunity, 62, 230-244.

Young, S. N. (2007). How to increase serotonin in the human brain
without drugs. Journal of Psychiatry and Neuroscience, 32, 394.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


