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Associations between serotonin transporter gene
polymorphisms and heat pain perception in
adults with chronic pain
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Abstract

Background: The triallelic serotonin transporter gene linked polymorphic region (5-HTTLPR) has been associated
with alterations in thermal pain perception. The primary aim of this study was to investigate the associations
between heat pain (HP) perception and the triallelic 5-HTTLPR in a large cohort of adults with chronic pain.

Methods: The cohort included 277 adults with chronic pain who met inclusion criteria, and were consecutively
admitted to an outpatient pain rehabilitation program from March 2009 through March 2010. Individuals were
genotyped for the triallelic 5-HTTLPR (including rs25531) and categorized as high, intermediate, or low expressors of
the serotonin transporter. Standardized measures of HP perception were obtained using a validated quantitative
sensory test method of levels.

Results: The distribution of the high, intermediate, and low expressing genotypes was 61 (22%), 149 (54%) and 67
(24%), respectively. The Hardy-Weinberg P-value was 0.204 which indicated no departure from equilibrium. A
significant effect of genotype was observed for values of HP threshold (P = 0.029). Individual group comparisons
showed that values of HP threshold were significantly greater in the intermediate compared to the high expressing
group (P = 0.009) but not the low expressing group (P > 0.1). In a multiple variable linear regression model, the
intermediate group (P = 0.034) and male sex (P = 0.021) were associated with significantly greater values of HP 0.5,
but no significant genotype-by-sex interaction effect was observed.

Conclusions: In this study that involved adults with chronic pain, the intermediate triallelic 5-HTTLPR expressing
group, but not the low expressing group, was associated with greater HP thresholds compared to the high
expressing group.
Background
The effects of serotonin (5-HT) on pain are influenced by
the 5-HT transporter (5-HTT) which facilitates 5-HT
reuptake from the synaptic cleft [1]. The gene coding for
5-HTT (SLC6A4) has a 43 base-pair insertion/deletion in
the 5’- regulatory promoter region which is commonly
referred to as the 5-HTT linked polymorphic region
(5-HTTLPR) [2,3]. The 5-HTTLPR consists of a long (l)
and a short (s) allele. The s-allele variant has been associ-
ated with reduced transcription efficiency with resultant
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reductions in 5-HTT expression and 5-HT reuptake. An
A to G substitution (rs25531) in the 5-HTT promoter has
also been described [4,5]. This single nucleotide poly-
morphism (SNP) has been found to influence 5-HTT gene
expression such that the minor G-allele, which is nearly
always in phase with the l-allele, reduces the efficiency of
5-HTT transcription to s-allele levels. These two polymor-
phisms, when studied jointly, have been referred to as the
triallelic 5-HTTLPR, and individuals can be categorized
as high (LA/LA), intermediate (SA/LA, LA/LG), or low ex-
pressors (SA/SA, LG/SA) of 5-HTT. Previous investigators
have suggested that 5-HTTLPR polymorphisms may ac-
count for a two-fold difference in mRNA levels [6,7].
The 5-HTT has important effects on thermal pain

perception in preclinical studies [8,9]. In human studies,
5-HTTLPR polymorphisms have been associated with
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differences in thermal pain perception in some, but
not all, investigations that have predominately involved
healthy volunteers [10-14]. However, the associations be-
tween heat pain perception and the triallelic 5-HTTLPR
polymorphism have not been reported for a large cohort
of adults with chronic pain. This is of particular impor-
tance because individuals with chronic pain have alter-
ations in thermal perception [15-17], and the previously
reported associations between thermal pain perception
and the triallelic 5-HTTLPR polymorphism may be
varied among adults with chronic pain. Thus, the pri-
mary aim of this study was to investigate the asso-
ciations between heat pain (HP) perception and the
triallelic 5-HTTLPR polymorphism in a cohort of adults
with chronic pain.

Methods
Participants
The study protocol was approved by the Mayo Foundation
Institutional Review Board, and written informed consent
was provided by all patients prior to study participation.
All adults consecutively admitted to the Mayo Com-
prehensive Pain Rehabilitation Center from March 2009
to March 2010 were eligible for study recruitment. During
this time period, 524 patients were admitted, and 300 met
inclusion criteria and were successfully recruited for study
participation. Inclusion criteria included admission to the
outpatient pain treatment program, chronic non-cancer
pain greater than 3 months duration, and age ≥ 18 years.
Exclusion criteria included the presence of a major me-
dical (e.g., severe cardiac or pulmonary disease), surgical
(e.g., spine or intraabdominal surgery within 6 months of
admission) or psychiatric disorder (e.g., schizophrenia, de-
mentia) that precluded full participation in the 3-week
outpatient treatment program.
The genotype of one subject could not be determined,

and baseline quantitative sensory test (QST) results were
not obtained on 22 subjects due to lack of available
study personnel. The distribution of high, intermediate
and low expressing genotypes among the 22 subjects
who did not have baseline sensory testing was 6 (27%), 9
(41%) and 7 (32%), respectively. Thus, the study cohort
was comprised of 277 subjects for whom both genotype
and QST data were available.

Study setting
The outpatient pain rehabilitation program was of 3-
weeks duration, and patients attended 8-hours daily. The
clinical setting has been previously described [18]. To
briefly summarize, a cognitive behavioral model served
as the basis for treatment, and the primary goal of the
outpatient program was restoration of physical and
emotional functioning. The majority of patients have
previously used multiple trials of analgesic medications,
undergone surgeries, and utilized various interventional
pain procedures with incomplete pain relief. Examples of
common admitting diagnoses include low back pain,
fibromyalgia and chronic headache. Patients were involved
in daily physical and occupational therapy, and all patients
attended daily educational group sessions related to man-
agement of depressive symptoms, relaxation training,
stress management, activity moderation, and elimination
of pain behaviors.

Demographic and clinical characteristics
Baseline demographic and clinical characteristics were
collected at admission including age, sex, pain duration,
marital status, years of education, employment status,
primary pain site, and smoking status.

Determination of morphine equivalent dose
Upon admission, the daily opioid dose of each patient
was determined by self-report and review of pharmacy re-
cords, as previously described [19]. The daily opioid dose
was converted to daily morphine equivalents using an
equianalgesic conversion software program [20] that has
been used at our outpatient treatment center [19,21,22].

Measures
Pain severity
Pain severity was assessed using the pain severity
subscale of the Multidimensional Pain Inventory [23].
This self-report questionnaire has proven reliability and
construct validity [24]. The pain severity subscale is
quantified from the responses to the following three
questions: 1) “Rate the level of your pain at the present
moment”; 2) “On the average, how severe has your pain
been during the last week”; and 3) “How much suffering
do you experience because of your pain.” Raw scores
were converted to standardized t-scores with a norma-
tive value of 50 (range 0–100) and a SD of 10 [25].

Heat pain perception
Heat pain perception was assessed using the automated
Computer Aided Sensory Evaluator IV (CASE IV; WR
Electronics, Stillwater, MN) system based on the method
of levels [26-28], as previously described [16]. The CASE
IV system delivers discrete magnitudes of heat stimuli,
in units termed “just noticeable difference” (JND), inter-
spersed with null stimuli in random order through a
thermode with a surface area of 10 cm2. The baseline
temperature was 34°C, and the thermal rise rate was 4°C
per second. The levels of stimuli increased exponentially
and achieved a maximal peak at 48°C at level 21. For
levels 22, 23 and 24, the temperature of the thermode
was raised to 48°C for a duration of 1.5, 5 and 10 sec-
onds, respectively. At level 25, which was the maximal
heat stimulus, the temperature was raised to 49°C for a
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10 second duration. The subject was masked to the
magnitude of the heat stimulus and whether or not a
null stimulus was delivered. After each stimulus, inclu-
ding all null stimuli, the subject was asked to grade the
intensity of the stimulus on an 11-point rating scale
where 0 denoted no pain and 10 signified the most pos-
sible intense pain. The test was completed when either
the subject rated the intensity of a heat stimulus ≥ 5 or
when the maximum stimulus had been delivered, which
avoids tissue injury. A quadratic regression equation was
then fitted to the pain ratings from which HP 0.5, HP 5
and HP 5–0.5 were calculated by the CASE IV software
program (WR TestWorks, version 2.0) [29,30]. Heat pain
0.5 was the midpoint between a nonpainful stimulus and
the least stimulus magnitude necessary to elicit a thresh-
old sensation of pain (Additional file 1: Figure S1). Heat
pain 5 was the stimulus magnitude necessary to elicit a
pain rating of 5 from the subject. It is important to note
that HP 5 was a measure of intermediately intense pain,
and not a measure of maximal heat pain tolerance. Heat
pain 5–0.5 was the difference between HP 5 and HP 0.5,
and has been termed the pain-stimulus response slope.
The standardized test procedures, stimulus waveform,
null stimulus, and the non-repeating stepping algorithm
between the different levels of heat stimuli have been
validated, and the HP test algorithm requires less than
5 minutes to complete [26-28,31].
Quantitative sensory testing was performed in a specif-

ically designated room. All patients using opioids were
on stable dosages at the time of testing. All study partici-
pants were tested using the dorsum of the nondominant
hand. This particular anatomical site was chosen because
of easy accessibility which was an important feasibility
consideration with regards to conducting QST in an am-
bulatory care setting.

Genotyping
DNA was extracted from whole blood at the Biospecimens
Accessioning Processing Laboratory at Mayo Clinic
Rochester using an automated platform (AutoGen
FlexStar Qiagen Chemistries), quantification was by UV
absorbance and quality was accessed by 260/280 OD
ratio. The simultaneous determination of the long and
short form of the 5-HTT promoter region and rs25531
was performed by PCR amplification of the promoter
region of 5-HTT using primers 5’-TCCTCCGCTTTGG
CGCCTCTTCC and 5’-TGGGGGTTGCAGGGGAGA
TCCTG, followed by Hpa II digestion of the resulting
amplicon as described by Wendlend et al. [5,32]. Sam-
ples were denatured for 1 cycle of 2 min at 94°C, annealed
for 30 cycles at 94°C for 30 sec, 58°C for 30 sec, 72°C for
1 min, and elongated for 10 min at 72°C. Digested
fragment sizes of 512 and 469 bp correspond to LA and
SA (long or short allele with “A” present at rs25531),
respectively. The presence of G at rs25531 is indicative of
a digested fragment of 402 bp, and an additional fragment
of 69 or 100 bp for the short and long allele, respectively.

Statistical analyses
Demographics (age, sex, ethnicity, marital status, employ-
ment status, educational status) and clinical characteristics
(pain duration, smoking status, body mass index, primary
pain site, and daily morphine equivalent dose) were sum-
marized for the three 5-HTTLPR genotype groups. The
Hardy–Weinberg equilibrium (HWE) for genotypic distri-
bution was determined using the χ2 test for each group
[33]. Mean and standard deviation were reported for
continuous variables, and count and proportion were
reported for categorical variables. Group comparisons for
demographic and clinical characteristics were made using
unpaired t-tests for continuous variables and chi-square
tests for categorical variables. The normal distribution of
all QST measures was assessed using the Kolmogorov-
Smirnov test, and the median and interquartile range
(IQR) was reported. Nonparametric tests (Kruskal-Wallis
test) were used to assess for the main effect of the three
5-HTTLPR genotype groups on HP perception, and in-
dividual group comparisons were performed using the
Mann–Whitney U test.
Linear regression analyses were performed using HP

perception as the dependent variable. Univariate regres-
sions were performed separately on 5-HTTLPR genotype
and sex, where the 5-HTTLPR high expressing category
was the reference group and the intermediate and low
expressing categories were the comparison groups. To test
for interactions between genotype and sex, interaction
terms, which were calculated as the product of the geno-
type group and sex, were entered in a multiple variable
regression model as new variables. The final multiple vari-
able model contained both genotype and sex as independ-
ent variables. The residual plots of all regression analyses
were reviewed. The level of significance for all tests was
set at P < 0.05, and all analyses were completed using
PASW (IBM, Inc., Chicago, Il, Version 18.0).

Results
Sample characteristics
The study included 277 adults with chronic pain. The
distribution of the high, intermediate and low expressing
genotypes was 61 (22%), 149 (54%) and 67 (24%), respec-
tively. The Hardy-Weinberg P-value was 0.204 which
indicated no departure from equilibrium. Additional file
2: Table S1 contains a summary of demographic and
clinical characteristics. Fifty-two percent (n = 143) of the
cohort used daily opioids, and the mean morphine
equivalent dose was 46.1 ± 77.9 mg/day. No significant
differences were observed for opioid use, daily morphine
equivalent dose, or pain severity.
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Heat pain perception
Additional file 3: Figure S2 contains the distribution of
values for the parameters of HP perception. The values
of HP 5 (Kolmogorov-Smirnov Z = 0.90, P = 0.386) were
normally distributed, but HP 0.5 and HP 5–0.5 were not
normally distributed (P values for Kolmogorov-Smirnov
Z < 0.05).
Additional file 4: Table S2 contains the median and IQR

for values of HP 0.5, HP 5, and HP 5–0.5. A significant
effect of 5-HTTLPR genotype group on HP 0.5 was
observed (Kruskal Wallis = 7.074, P = 0.029). Individual
group comparisons showed that HP 0.5 was significantly
greater in the intermediate expressing group compared to
the high expressing group (Mann Whitney U = 3477.00,
Z = −2.67, P = 0.009), but no significant differences were
found between the intermediate and low expressing
groups (P > 0.10) (Additional file 5: Figure S3).
In univariable linear regression analysis with HP 0.5 as

the dependent variable, the intermediate expressing group
was associated with significantly greater values of HP 0.5
compared to the high expressing group, and male sex was
associated with significantly greater values of HP 0.5 com-
pared to females (Additional file 6: Table S3). In a multiple
variable linear regression analysis, an interaction effect
between genotype and sex was investigated; however, the
interaction terms were removed from the model due to
lack of significance (P values > 0.10). In the final multiple
variable regression model that included genotype and
sex as independent variables, the intermediate expressing
group was associated with significantly greater values of
HP 0.5 compared to the high expressing group, and male
sex was associated with significantly greater values of HP
0.5 compared to females (Additional file 6: Table S3).

Discussion
The main finding of this study was that individuals in
the intermediate expressing triallelic 5-HTTLPR poly-
morphism group had significantly greater HP thresholds
compared to individuals in the high expressing group.
This finding suggests that the intermediate expressing
group was less sensitive to threshold-level HP stimuli
compared to the high expressing group. No significant
difference in HP 0.5 was observed between the inter-
mediate and low expressing groups. In a multiple vari-
able linear regression model that included HP 0.5 as the
dependent variable and genotype and sex as independent
variables, the intermediate expressing group and male
sex were associated with significantly greater values of
HP 0.5. However, no significant genotype-by-sex inter-
action effect was observed, which suggested the inter-
mediate 5-HTTLPR genotype and sex had significant,
but independent, effects on HP 0.5. Additionally, no sig-
nificant differences in HP 5 or HP 5–0.5 were observed,
and the demographic and clinical characteristics of the
cohort were similar among the three genotype groups
including sex, age, pain duration, primary pain diagnosis,
opioid use, daily morphine equivalent dose, and pain
severity.
Significantly greater HP thresholds among individuals

in the intermediate expressing group compared to the
high expressing group, but not the low expressing group,
has not been reported in previous studies. In an experi-
mental investigation that involved 44 healthy volunteers
of “European descent”, subjects in the high triallelic 5-
HTTLPR expressing group (n = 23) had significantly
lower HP thresholds (i.e., were more sensitive to heat
stimuli) compared to subjects in the low expressing
group (n = 21) [12]. However, subjects from the triallelic
5-HTTLPR intermediate expressing group were not
included in this particular study. In other studies
conducted by the same group of investigators, no
significant differences were found between the triallelic
5-HTTLPR genotype groups [10,11]. These findings
were partly consistent with the observations from an
experimental study that involved 58 patients with fibro-
myalgia and 60 healthy controls who were “Caucasian,
French-speaking” residents of Quebec province, Canada
[13]. In this particular study, the 5-HTTLPR poly-
morphism was not associated with differences in HP
thresholds, but subjects were not genotyped for the
rs25531 SNP which further influences the transcrip-
tional efficiency of 5-HTT [4,5]. In a final study that
involved 529 healthy subjects (72% Ashkenazi Jews of
Eastern European “origin”, 20% Sephardic Jews of North
African or Asian “origin”), the low expressing 5-HTTLPR
genotype was associated with decreased pain inhibition
compared to the high and intermediate groups [14]. Aside
from differences in genotyping, variations in HP percep-
tion among previous studies, including the findings of our
study, could be partly attributed to; 1) chronic pain asso-
ciated neuroplastic changes in 5-HT pathways, and 2) dif-
ferences in the methods used to assess thermal pain
perception.
The effects of 5-HT on pain perception are varied. In

the periphery, 5-HT has pro-nociceptive effects following
tissue injury [34], and exogenous administration of 5-HT
has been associated with hyperalgesia in preclinical and
clinical studies [35-37]. At the spinal level, 5-HT trans-
mission may either enhance descending inhibitory me-
chanisms or augment descending facilitatory pathways,
and the balance between inhibition and facilitation may be
partly influenced by neuroplastic changes that occur in re-
sponse to persistent pathological pain [38]. For instance,
decreases in 5-HT basal release have been observed in
preclinical studies using a neuropathic pain model [39,40],
but increases in 5-HT release have been reported in
chronic inflammatory models of pain [41,42]. Neuroplastic
changes in descending 5-HT pathways may also occur at
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the receptor level where alterations in 5-HT2A and 5-HT3

receptor function have been observed in both central and
peripheral tissues [43,44], and upregulation of 5-HT1, 5-
HT2, 5-HT3 receptor subtypes have been reported in the
spinal cord [44-46]. Neuroplastic changes in 5-HT path-
ways have also been associated with alterations in 5-HTT
expression [47], which is consistent with previous studies
that document a role for 5-HTT in thermal nociception
[8,9]. Collectively, these studies suggest that neuroplastic
changes in 5-HT pathways, in response to persistent
pathological pain, could alter the effects of the 5-HTTLPR
polymorphism on HP perception. Therefore, neuroplastic
changes attributed to chronic pain could explain, in part,
why the findings of our study, which were derived from a
cohort of adults with chronic pain, differed from previous
studies that predominately involved healthy volunteers.
Differences in the methods used to assess thermal pain

perception could partly account for the disparate findings
of previous studies. In the method of limits, a thermal
stimulus is applied to the skin and increased, or decreased,
at a steady rate of 1°C/s. The HP threshold is the
temperature at which pain is experienced, and HP to-
lerance is the temperature at which the thermal stimuli
can no longer be tolerated. The test is typically repeated
three times, and the thermal pain threshold and tolerance
are calculated by averaging the temperatures from the re-
peated trials. The test procedures for the method of limits
have been validated [17,48], and have good reproducibility
over time [49]. However, several variations in the method
of limits were used in the previous studies. The Lindstedt
et al., [12] study most closely adhered to previously
published methodologies, and significant differences in
thermal pain thresholds were observed between the high
and low expressing groups. In this particular study, the
heat stimulus was changed at a rate of 1.5°C/s, and three
tests of HP and cold pain were performed. However, in a
separate study by Lindstedt et al. [11], subjects were
exposed to heat stimuli at temperatures of 46°C, 47°C, and
48°C for 15 seconds. Testing was repeated twice at each
temperature, and the application of each heat stimulus
was separated by a 30 second interval. In the Kosek et al.
[10] study, subjects were exposed twice to a temperature
of 48°C for 30 seconds, and a 10 minute interval separated
each temperature exposure. The rate of rise of the heat
stimuli was 0.3°C/s in the Potvin et al. study [13] where 3
tests were performed, and the rate of rise in the Treister
et al. study [14] was 10°C/s where 5 tests were performed.
The varying methods used to assess pain thresholds and
tolerances in these studies limits the ability to draw
more definitive conclusions about the effects of 5-
HTTLPR polymorphism on thermal pain perception
because exposure to different temperatures, or different
rates of temperature change, for varying durations of
time may have differential effects on the various 5-
HTTLPR genotypes. However, despite these methodo-
logical variations, the effect size of the difference in ther-
mal pain threshold between the low and high expressing
5-HTTLPR groups ranged from 0.60 to 0.32 in 3 studies
that reported mean data. This range is comparable to the
effect size of 0.37 for the difference in HP threshold
between the intermediate and high expressing groups as
observed in our current study.
In this cohort of adults with chronic pain, no significant

group differences in demographic or clinical characte-
ristics were observed based on the triallelic 5-HTTLPR
genotype. This observation was similar to the findings of
previous studies where no consistent differences in demo-
graphic or clinical characteristics based on 5-HTTLPR
genotype have been observed in subgroups of adults with
chronic pain including fibromyalgia [50-52] and chronic
headache disorders [53-56]. However, various genotype-
by-sex interaction effects have been reported for the
5-HTTLPR polymorphism and thermal pain perception.
For example, a significant genotype-by-sex interaction
effect was reported by Lindstedt et al. [12] where low 5-
HTTLPR expressing females were less sensitive to cold
pain, but no significant genotype-by-sex interaction was
observed for HP perception. Alternatively, low express-
ing males had higher pain thresholds and tolerances in
response to electrocutaneous stimuli in a study that in-
volved 144 healthy volunteers of predominately “white
non-Hispanic” descent who were genotyped for the 5-
HTTLPR polymorphism but not the rs25531 SNP [57].
In our study, no significant genotype-by-sex interaction
effect was observed; rather the intermediate expressing
5-HTTLPR genotype and male sex were independently
associated with greater values of HP 0.5.
This study has limitations. The demographics and

clinical characteristics of the cohort could limit the
generalization of our observations. More specifically,
the majority of study participants were Caucasian
women residing in the United States, and only 5% were
from minority populations. However, in a study that
involved a random sample (N = 3,575) of community
dwelling adults with chronic pain derived from the
catchment area of our institution, 96% of individuals
were self-identified as “white” and 56% were female
[58]. Despite these demographic similarities, the clinical
characteristics of patients referred for multidisciplinary
pain rehabilitation at a tertiary referral medical center
could be different from the clinical characteristics of
a random sample of community dwelling adults with
chronic pain, as previously reported [15,16]. Thus, the
risk of referral bias can not be excluded, and the associ-
ations between HP perception and 5-HTTLPR polymor-
phisms may not be fully applicable in other populations
of adults with chronic pain. Although significant differ-
ences in thermal pain perception were found among the



Hooten et al. BMC Medical Genetics 2013, 14:78 Page 6 of 7
http://www.biomedcentral.com/1471-2350/14/78
three 5-HTTLPR genotypes in adults with chronic pain,
the lack of a control group could also limit the genera-
lization of our study findings.

Conclusions
In this study that involved a large sample of adults with
chronic pain, the three 5-HTTLPR genotypes had a sig-
nificant influence on thermal pain perception. Ongoing
research is warranted in order to further delineate the
effects of the triallelic 5-HTTLPR genotype on pain per-
ception in other large samples and subgroups of indivi-
duals with chronic pain.

Additional files

Additional file 1: Figure S1. The patient grades the intensity of the
stimulus from 0 to 10 where 0 indicates no pain.

Additional file 2: Table S1. Demographic and clinical characteristics of
study participants.

Additional file 3: Figure S2. Distribution of QST values for HP 0.5 (A), HP
5 (B) and HP 5-0.5 (C) expressed in units of just noticeable difference (JND).

Additional file 4: Table S2. Median values and interquartile range (IQR)
of heat pain (HP) perception for the triallelic 5-HTTLPR Polymorphism.

Additional file 5: Figure S3. Median value of HP 0.5 and 95%
confidence interval for the 5-HTTLPR genotype groups in units of just
noticeable difference (JND).

Additional file 6: Table S3. Linear regression analyses with HP 0.5 as
the dependent variable.

Competing interests
The authors state that they have no financial or non-financial competing
interests.

Authors’ contributions
WMH, WRH and JLB designed the study. WMH, WRH, JLB, HJL and DLW
performed the data analysis. WMH, WRH, JLB, HJL and DLW wrote the
manuscript. All authors critically revised the manuscript and approved the
final form of the manuscript. All authors read and approved the final
manuscript.

Acknowledgements
The authors would like to thank the staff members of the Mayo Pain
Rehabilitation Center and the Translational Research Unit for Chronic and
Acute Pain.
The research was conducted at the Mayo Pain Rehabilitation Center,
Department of Psychiatry and Psychology, and the Translational Research
Unit for Chronic and Acute Pain, Department of Anesthesiology, Mayo Clinic,
Rochester, MN.

Author details
1Department of Anesthesiology, Mayo Clinic College of Medicine, Rochester,
MN 55905, USA. 2Department of Laboratory Medicine and Pathology, Mayo
Clinic College of Medicine, Rochester, MN 55902, USA. 3Department of
Anesthesiology Division of Pain Medicine, Mayo Clinic College of Medicine,
200 First St SW, Rochester, MN 55905, USA.

Received: 11 September 2012 Accepted: 23 July 2013
Published: 30 July 2013

References
1. Daws LC, Gould GG: Ontogeny and regulation of the serotonin

transporter: providing insights into human disorders. Pharmacol Ther
2011, 131:61–79.
2. Heils A, Teufel A, Petri S, Stober G, Riederer P, et al: Allelic variation of
human serotonin transporter gene expression. J Neurochem 1996,
66:2621–2624.

3. Ramamoorthy S, Bauman AL, Moore KR, Han H, Yang-Feng T, et al:
Antidepressant- and cocaine-sensitive human serotonin transporter:
molecular cloning, expression, and chromosomal localization. Proc Natl
Acad Sci USA 1993, 90:2542–2546.

4. Hu X, Oroszi G, Chun J, Smith TL, Goldman D, et al: An expanded
evaluation of the relationship of four alleles to the level of response to
alcohol and the alcoholism risk. Alcohol Clin Exp Res 2005, 29:8–16.

5. Wendland JR, Martin BJ, Kruse MR, Lesch KP, Murphy DL: Simultaneous
genotyping of four functional loci of human SLC6A4, with a reappraisal
of 5-HTTLPR and rs25531. Mol Psychiatry 2006, 11:224–226.

6. Murphy DL, Lesch KP: Targeting the murine serotonin transporter:
insights into human neurobiology. Nat Rev Neurosci 2008, 9:85–96.

7. Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg BD, et al: Association of
anxiety-related traits with a polymorphism in the serotonin transporter
gene regulatory region. Science 1996, 274:1527–1531.

8. Palm F, Mossner R, Chen Y, He L, Gerlach M, et al: Reduced thermal
hyperalgesia and enhanced peripheral nerve injury after hind paw
inflammation in mice lacking the serotonin-transporter. Eur J Pain 2008,
12:790–797.

9. Vogel C, Mossner R, Gerlach M, Heinemann T, Murphy DL, et al: Absence of
thermal hyperalgesia in serotonin transporter-deficient mice. J Neurosci
2003, 23:708–715.

10. Kosek E, Jensen KB, Lonsdorf TB, Schalling M, Ingvar M: Genetic variation in
the serotonin transporter gene (5-HTTLPR, rs25531) influences the
analgesic response to the short acting opioid remifentanil in humans.
Mol Pain 2009, 5:37.

11. Lindstedt F, Berrebi J, Greayer E, Lonsdorf TB, Schalling M, et al: Conditioned
pain modulation is associated with common polymorphisms in the
serotonin transporter gene. PLoS One 2011, 6:e18252.

12. Lindstedt F, Lonsdorf TB, Schalling M, Kosek E, Ingvar M: Perception of
thermal pain and the thermal grill illusion is associated with
polymorphisms in the serotonin transporter gene. PLoS One 2011,
6:e17752.

13. Potvin S, Larouche A, Normand E, de Souza JB, Gaumond I, et al: No
relationship between the ins del polymorphism of the serotonin
transporter promoter and pain perception in fibromyalgia patients and
healthy controls. Eur J Pain 2010, 14:742–746.

14. Treister R, Pud D, Ebstein RP, Laiba E, Raz Y, et al: Association between
polymorphisms in serotonin and dopamine-related genes and
endogenous pain modulation. J Pain 2011, 12:875–883.

15. Hooten WM, Mantilla CB, Sandroni P, Townsend CO: Associations between
heat pain perception and opioid dose among patients with chronic pain
undergoing opioid tapering. Pain Med 2010, 11:1587–1598.

16. Hooten WM, Sandroni P, Mantilla CB, Townsend CO: Associations between
heat pain perception and pain severity among patients with chronic
pain. Pain Med 2010, 11:1554–1563.

17. Rolke R, Baron R, Maier C, Tolle TR, Treede RD, et al: Quantitative sensory
testing in the German Research Network on Neuropathic Pain (DFNS):
standardized protocol and reference values. Pain 2006, 123:231–243.

18. Townsend CO, Bruce BK, Hooten WM, Rome JD: The role of mental health
professionals in multidisciplinary pain rehabilitation programs.
J Clin Psychol 2006, 62:1433–1443.

19. Cunningham JL, Rome JD, Kerkvliet JL, Townsend CO: Reduction in
medication costs for patients with chronic nonmalignant pain
completing a pain rehabilitation program: a prospective analysis of
admission, discharge, and 6-month follow-up medication costs. Pain Med
2009, 10:787–796.

20. DuPen S, DuPen A: Opioid conversion calculator. Poulsbo, WA: Cynergy
Group; 2000.

21. Hooten WM, Townsend CO, Bruce BK, Warner DO: The effects of smoking
status on opioid tapering among patients with chronic pain.
Anesth Analg 2009, 108:308–315.

22. Townsend CO, Kerkvliet JL, Bruce BK, Rome JD, Michael Hooten W, et al: A
longitudinal study of the efficacy of a comprehensive pain rehabilitation
program with opioid withdrawal: comparison of treatment outcomes
based on opioid use status at admission. Pain 2008, 140:177–189.

23. Kerns RD, Turk DC, Rudy TE: The West Haven-Yale Multidimensional Pain
Inventory (WHYMPI). Pain 1985, 23:345–356.

http://www.biomedcentral.com/content/supplementary/1471-2350-14-78-S1.pptx
http://www.biomedcentral.com/content/supplementary/1471-2350-14-78-S2.pdf
http://www.biomedcentral.com/content/supplementary/1471-2350-14-78-S3.pptx
http://www.biomedcentral.com/content/supplementary/1471-2350-14-78-S4.docx
http://www.biomedcentral.com/content/supplementary/1471-2350-14-78-S5.pptx
http://www.biomedcentral.com/content/supplementary/1471-2350-14-78-S6.docx


Hooten et al. BMC Medical Genetics 2013, 14:78 Page 7 of 7
http://www.biomedcentral.com/1471-2350/14/78
24. Bernstein IH, Jaremko ME, Hinkley BS: On the utility of the West haven-yale
multidimensional pain inventory. Spine 1995, 20:956–963. Phila Pa 1976.

25. Rudy TE, Rudy TE: Multiaxial assessment of multidimensional pain inventory:
computer program User's manual. Pittsburgh, PA: University of Pittsburgh; 1989.

26. Dyck PJ, Zimmerman IR, O'Brien PC, Ness A, Caskey PE, et al: Introduction
of automated systems to evaluate touch-pressure, vibration, and thermal
cutaneous sensation in man. Ann Neurol 1978, 4:502–510.

27. Dyck PJ, Zimmerman I, Gillen DA, Johnson D, Karnes JL, et al: Cool, warm,
and heat-pain detection thresholds: testing methods and inferences
about anatomic distribution of receptors. Neurology 1993, 43:1500–1508.

28. Dyck PJ, Zimmerman IR, Johnson DM, Gillen D, Hokanson JL, et al: A
standard test of heat-pain responses using CASE IV. J Neurol Sci 1996,
136:54–63.

29. O'Brien PC, Dyck PJ: Procedures for setting normal values. Neurology 1995,
45:17–23.

30. Dyck PJ, O'Brien PC, Litchy WJ, Harper CM, Daube JR: Use of percentiles
and normal deviates to express nerve conduction and other test
abnormalities. Muscle Nerve 2001, 24:307–310.

31. Dyck PJ, O'Brien PC, Kosanke JL, Gillen DA, Karnes JL: A 4, 2, and 1
stepping algorithm for quick and accurate estimation of cutaneous
sensation threshold. Neurology 1993, 43:1508–1512.

32. Wendland JR, Moya PR, Kruse MR, Ren-Patterson RF, Jensen CL, et al: A
novel, putative gain-of-function haplotype at SLC6A4 associates with
obsessive-compulsive disorder. Hum Mol Genet 2008, 17:717–723.

33. Weir BS: Genetic data analysis II: methods for discrete population genetic data.
Sunderland, MA: Sinauer Associates, Incorporated Publishers; 1997.

34. Sommer C: Serotonin in pain and analgesia: actions in the periphery.
Mol Neurobiol 2004, 30:117–125.

35. Lang PM, Moalem-Taylor G, Tracey DJ, Bostock H, Grafe P: Activity-
dependent modulation of axonal excitability in unmyelinated peripheral
rat nerve fibers by the 5-HT(3) serotonin receptor. J Neurophysiol 2006,
96:2963–2971.

36. Lischetzki G, Rukwied R, Handwerker HO, Schmelz M: Nociceptor activation
and protein extravasation induced by inflammatory mediators in human
skin. Eur J Pain 2001, 5:49–57.

37. Ernberg M, Lundeberg T, Kopp S: Pain and allodynia/hyperalgesia induced
by intramuscular injection of serotonin in patients with fibromyalgia and
healthy individuals. Pain 2000, 85:31–39.

38. Vanegas H, Schaible HG: Descending control of persistent pain: inhibitory
or facilitatory? Brain Res Brain Res Rev 2004, 46:295–309.

39. Liu FY, Qu XX, Ding X, Cai J, Jiang H, et al: Decrease in the descending
inhibitory 5-HT system in rats with spinal nerve ligation. Brain Res 2010,
1330:45–60.

40. Sounvoravong S, Nakashima MN, Wada M, Nakashima K: Decrease in
serotonin concentration in raphe magnus nucleus and attenuation of
morphine analgesia in two mice models of neuropathic pain.
Eur J Pharmacol 2004, 484:217–223.

41. Palazzo E, Genovese R, Mariani L, Siniscalco D, Marabese I, et al:
Metabotropic glutamate receptor 5 and dorsal raphe serotonin release
in inflammatory pain in rat. Eur J Pharmacol 2004, 492:169–176.

42. Zhang YQ, Gao X, Zhang LM, Wu GC: The release of serotonin in rat spinal
dorsal horn and periaqueductal gray following carrageenan
inflammation. Neuroreport 2000, 11:3539–3543.

43. Zeitz KP, Guy N, Malmberg AB, Dirajlal S, Martin WJ, et al: The 5-HT3
subtype of serotonin receptor contributes to nociceptive processing via
a novel subset of myelinated and unmyelinated nociceptors. J Neurosci
2002, 22:1010–1019.

44. Silveira JW, Dias QM, Del Bel EA, Prado WA: Serotonin receptors are
involved in the spinal mediation of descending facilitation of surgical
incision-induced increase of Fos-like immunoreactivity in rats. Mol Pain
2010, 6:17.

45. Liu XY, Wu SX, Wang YY, Wang W, Zhou L, et al: Changes of 5-HT receptor
subtype mRNAs in rat dorsal root ganglion by bee venom-induced
inflammatory pain. Neurosci Lett 2005, 375:42–46.

46. Wu S, Zhu M, Wang W, Wang Y, Li Y, et al: Changes of the expression of
5-HT receptor subtype mRNAs in rat dorsal root ganglion by complete
Freund's adjuvant-induced inflammation. Neurosci Lett 2001, 307:183–186.

47. Hains BC, Everhart AW, Fullwood SD, Hulsebosch CE: Changes in serotonin,
serotonin transporter expression and serotonin denervation
supersensitivity: involvement in chronic central pain after spinal
hemisection in the rat. Exp Neurol 2002, 175:347–362.
48. Rolke R, Magerl W, Campbell KA, Schalber C, Caspari S, et al: Quantitative
sensory testing: a comprehensive protocol for clinical trials. Eur J Pain
2006, 10:77–88.

49. Wasner GL, Brock JA: Determinants of thermal pain thresholds in normal
subjects. Clin Neurophysiol 2008, 119:2389–2395.

50. Offenbaecher M, Bondy B, de Jonge S, Glatzeder K, Kruger M, et al: Possible
association of fibromyalgia with a polymorphism in the serotonin
transporter gene regulatory region. Arthritis Rheum 1999, 42:2482–2488.

51. Cohen H, Buskila D, Neumann L, Ebstein RP: Confirmation of an
association between fibromyalgia and serotonin transporter promoter
region (5- HTTLPR) polymorphism, and relationship to anxiety-related
personality traits. Arthritis Rheum 2002, 46:845–847.

52. Gursoy S: Absence of association of the serotonin transporter gene
polymorphism with the mentally healthy subset of fibromyalgia
patients. Clin Rheumatol 2002, 21:194–197.

53. Park JW, Kim JS, Kim YI, Lee KS: Serotonergic activity contributes to
analgesic overuse in chronic tension-type headache. Headache 2005,
45:1229–1235.

54. Cevoli S, Marzocchi N, Capellari S, Scapoli C, Pierangeli G, et al: Lack of
association between five serotonin metabolism-related genes and
medication overuse headache. J Headache Pain 2010, 11:53–58.

55. Kotani K, Shimomura T, Shimomura F, Ikawa S, Nanba E: A polymorphism
in the serotonin transporter gene regulatory region and frequency of
migraine attacks. Headache 2002, 42:893–895.

56. Liu H, Liu M, Wang Y, Wang XM, Qiu Y, et al: Association of 5-HTT gene
polymorphisms with migraine: a systematic review and meta-analysis.
J Neurol Sci 2011, 305:57–66.

57. Palit S, Sheaff RJ, France CR, McGlone ST, Potter WT, et al: Serotonin
transporter gene (5-HTTLPR) polymorphisms are associated with
emotional modulation of pain but not emotional modulation of spinal
nociception. Biol Psychol 2011, 86:360–369.

58. Watkins EA, Wollan PC, Melton LJ 3rd, Yawn BP: A population in pain:
report from the Olmsted county health study. Pain Med 2008, 9:166–174.

doi:10.1186/1471-2350-14-78
Cite this article as: Hooten et al.: Associations between serotonin
transporter gene polymorphisms and heat pain perception in adults
with chronic pain. BMC Medical Genetics 2013 14:78.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Study setting
	Demographic and clinical characteristics
	Determination of morphine equivalent dose
	Measures
	Pain severity
	Heat pain perception

	Genotyping
	Statistical analyses

	Results
	Sample characteristics
	Heat pain perception

	Discussion
	Conclusions
	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


