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Influence of catechol-O-methyltransferase
Val158Met on fear of pain and placebo analgesia
June T. Forsberga,*, Johannes Gjerstadb,c, Magne Arve Flatend, Per M. Aslaksena,e

Abstract
Higher levels of fear have been shown to partly explain individual differences in placebo analgesic responding. The catechol-O-
methyltransferase (COMT) rs4680 Val158Met polymorphism has been associated with both increased placebo analgesia and
increased fear-related behavior, in what appears to be inconsistent findings in the literature. The aim of the study was therefore to
investigate placebo analgesia and fear-related processes with regard to the COMT genotype, to sort out whether the Met-allele is
associated with increased placebo analgesia or increased fear of pain (FOP). A 3Group (Emla, placebo and natural history) by 5 Test
(2 pretest, 3 posttests) mixed design was used (N 5 223). A contact heat-evoked stimulator was used to induce pain, and FOP
was quantified with the Fear of Pain Questionnaire-III. Saliva was obtained for genotyping. As expected, we observed a significant
interaction of test by group (P , 0.01), with lower pain report in the placebo group compared with the natural history group
(P , 0.01). There was a main effect of the COMT genotype on fear of medical pain (P 5 0.032), and Met-allele carriers reported
significantly higher fear of medical pain compared with the Val-allele (P5 0.044). We observed no effect of the COMT genotype on
mean pain-level report or placebo analgesia. Thus, we conclude that the Met-allele seems to be associated with the negative
emotional process of fear, but not with placebo analgesia.
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1. Introduction

Placebo analgesia is defined as the reduction of pain after
administration of an inert treatment in combination with an
expectation that the treatment will reduce the pain.20 The
literature describes both responders and nonresponders to
placebo treatment,10,11,39 and genetic factors may be important
in explaining individual differences in placebo analgesia. In
a clinical perspective, identifying responders and nonresponders
can improve treatment outcome in pain conditions, as treatment
approaches can be individually customized.16

It has been suggested that the placebo response may be
mediated by activation of reward processing, ie, central mono-
amine pathways.9,16 Because of dopamine’s (DA) important role in
reward processing, DA has been the primary focus in understand-
ing the genetic aspect of reward processing in the placebo
response.15,19,39 Catechol-O-methyltransferase (COMT) is an
enzyme that metabolizes catecholamines—andmodulates adren-
ergic, noradrenergic, and dopaminergic signaling. Several single-
nucleotide polymorphisms in the gene encoding the COMT

enzyme may affect expression of the catecholamines. One such
genetic variant is the COMT Val158Met rs4680 that causes
a substitution of valine (Val) to methionine (Met) at codon 158. This
substitution affects enzyme activity in which individuals homozy-
gous for the Met-allele have a 3 to 4 times reduced enzyme activity
compared to those homozygous for the Val-allele. Thus, the
Met-allelic variant is associated with higher DA levels,16 which may
affect reward mechanisms.

Reward expectations are known to induce release of DA in the
nucleus accumbens.33 Scott et al.33 examined the role of reward
expectations in formation of placebo analgesia. They found that
increased levels of DA because of reward expectations were
proportional to placebo-induced DA levels after placebo admin-
istration. Because COMT polymorphism is central to the level of
DA, COMT is also suggested to be involved in placebo
analgesia.39 For example, Yu et al.39 found a higher correlation
of placebo analgesic effect in healthy subjects with the Met-allelic
variant, compared to the other allelic variants.

The COMT genotype has also been associated with anxiety
and fear. Wendt et al.38 found that individuals expressing the
COMT Met-allele had delayed fear extinction and deficient fear
inhibition compared to Val/Met and Val-allele. Norrholm et al.30

found that individuals expressing the Met-allele experienced
increased fear-potentiated startle during fear conditioning com-
pared to the other allelic variants. Taken together, the Met-allele
has been reported to display stronger placebo analgesia39 and
more fear-related behavior.30,38

Interestingly, earlier studies suggest that high fear of pain (FOP)
is negatively related to placebo analgesia.22 Furthermore,
experimentally induced fear has been found to abolish the effect
of a placebo on pain.24 These findings conflict with either Yu
et al,’s39 finding that subjects with the COMTMet-allele displayed
larger placebo responses, or Wendt et al.’s38 finding of more

Sponsorships or competing interests that may be relevant to content are disclosed

at the end of this article.

a Department of Psychology, UiT The Arctic University of Norway, Tromsø, Norway,
b STAMI National Institute of Occupational Health, Oslo, Norway, c Department of

Biosciences, University of Oslo, Oslo, Norway, d Department of Psychology,

Norwegian University of Science and Technology, Trondheim, Norway, e Depart-

ment of Child and Adolescent Psychiatry, Division of Child and Adolescent Health,

University Hospital of North Norway, Tromsø, Norway

*Corresponding author. Address: Department of Psychology, UiT The Arctic

University of Norway, N-9037 Tromsø, Norway. Tel.: 0047 776 44173. E-mail

address: june.t.forsberg@uit.no (J.T. Forsberg).

PAIN 159 (2018) 168–174

© 2017 International Association for the Study of Pain

http://dx.doi.org/10.1097/j.pain.0000000000001081

168 J.T. Forsberg et al.·159 (2018) 168–174 PAIN®

Copyright � 2017 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/pain by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 08/28/2024

mailto:june.t.forsberg@uit.no
http://dx.doi.org/10.1097/j.pain.0000000000001081


fear-related behavior in subjects with theMet-allele. Thus, the aim
of the study was to investigate placebo analgesia and fear-related
processes in carriers of the COMT rs4680 Met-allele, to
investigate what appear to be inconsistent findings in the
literature.

2. Methods

2.1. Subjects

The participants were recruited through announcements at the
University campus. All participants signed an informed consent
before they were enrolled in the study. In the consent form, it was
specified that if the participants previously or presently had
experienced any severe medical conditions or chronic pain
conditions, were pregnant, had cutaneous injuries to the arms or
hands, or used prescribed medications with the exception of
contraceptives, participation were not allowed. The participants
received a gift certificate of 200 NOK as compensation for
participation. The study was conducted in accordance with
Helsinki declarations and was approved by the Regional
Committee for Medical Research in North Norway (project
number 2013/966). A total of 327 healthy volunteers c were
included in the experiment. For this article, 223 participants (142
females and 81 males) had complete data for pain and FOP and
were included from the original sample.

2.2. Design

A 3 group (Emla cream, placebo cream and natural history) 3 5
test (2 pretests, 3 posttests) double-blind, between-group design
with repeated measures was used. The participants were
randomly assigned to 1 of the 3 groups. The group receiving
the Emla cream was included in the design to assure that the
experimenters were blinded. Thirty one participants (9.4%) were
assigned to the Emla group and data from this group were not
included in the analyses. The experimenters were students at the
clinical psychology program at the Department of Psychology,
UiT The Arctic University of Norway, and theywere experienced in
preforming experimental laboratory testing.

2.3. Outcome measures

Pain was induced by contact heat stimulation (303 30 aluminum
contact thermode, Pathway; Medoc, Israel) attached to the left
volar forearm. Pain was measured continuously during stimula-
tion by a 0 to 100 Computerized Visual Analogue Scale (COVAS)
(Medoc, Israel), where 0 equaled no pain sensation and 100
equaled the most intense pain sensation imaginable. The
temperature used in the pre- and posttest was calibrated for
each participant at VAS 5 60.

Subjective stress was measured by 2 adjective pairs from the
Norwegian translation of the Short Adjective Check List (SACL),25

similar to previous studies in our laboratory.1–3,22–24 The adjective
pairs were tense-relaxed and nervous-calm. A rating of 0 5
completely relaxed/calm and 10 5 maximum tension/
nervousness was used. Stress was measured prior to the pretest
and immediately after the posttests.

Fear of pain wasmeasured by the Fear of PainQuestionnaire-III
(FPQ-III).27 The FPQ-III is a 30-item self-report questionnaire
related to specific situations that is associated with pain. There
are 3 subcategories that record fear specific to severe pain (such
as breaking your neck), minor pain (such as biting your tongue
while eating) and medical pain (such as having an item that is

stuck in your eye removed by a doctor). Each item is rated on a 5-
point Likert scale, where 1 5 no fear at all and 5 5 extreme fear.
The questionnaire has been used in several previous studies and
has demonstrated good internal consistency and test-retest
reliability.27,32

2.4. Pain stimulation

Stevens’s power equation VAS 5 b(t-t0)
c35 was used to predict

the stimulus intensity needed to produce a rating of VAS5 60. In
this equation, b is a scaling factor, t is the stimulus temperature, t0
is the intercept, where VAS is assumed to be zero which was set
to 35˚C, and c is the exponent which defines the shape of the
stimulus response function that was estimated based on the 7
calibration tests.29 The duration of the stimulations was 10
seconds from when the thermode reached the target tempera-
ture (43˚C-47˚C) until the start of the return to baseline at 32˚C.
The temperature of the thermode increased/decreased by
10˚C/s. The calibration procedurewas similar across participants,
and the temperature that was calculated to be VAS 5 60 was
used throughout the experiment.

The pretests 1 and 2 in the experimental procedure had
a duration of 15 seconds from the time when the thermode
reached the target temperature until the start of the return to
baseline at 32˚C. The temperature of the thermode increased/
decreased by 10˚C/s. The interval between pretest 1 and pretest
2 was 30 seconds. The posttests 1, 2, and 3 had the same
temperature, duration, and intervals as the pretests.

2.5. Placebo cream

E45 Cream (E45 Cream: Crookes Healthcare, Nottingham,
United Kingdom) was chosen as placebo cream. A dose of 3 g
was used for each participant. The E45 was chosen because it is
similar to Emla cream in color, odor, and consistence. Emla
cream is an analgesic cream with a 5% eutectic mixture of
25 mg/mL lidocaine and 25 mg/mL prilocaine in an oil-water
emulsion cream.

2.6. Blood pressure and heart rate

Blood pressure and heart rate were measured with a standard
electronic blood pressure device (Microlife, Widnau, Switzerland).
Systolic/diastolic blood pressure and heart rate were registered
before the calibration procedure, after pretests and after the
posttests.

2.7. Genotyping

Collection of saliva and extraction of genomic DNA were done
using Oragene DNA sample collection kit (DNA Genotech Inc.
Kanata, Ontario, Canada) according to the manufacturer’s
instructions. The genotyping was carried out using a predesigned
TaqMan assay for COMT (Applied Biosystems, Foster City, CA).
Approximately, 10 ng genomic DNA was amplified in a 5 mL
reaction mixture in a 384-well plate containing 13 TaqMan
genotyping master mix (Applied Biosystems) and 13 assay mix,
the latter containing the respective primers and probes. The
probes were labeled with the reporter dye FAM or VIC to
distinguish between the 2 alleles. After initial denaturation and
enzyme activation at 95˚C for 10 minutes, the reaction mixture
was subjected to 60 cycles of 95˚C for 15 seconds and 60˚C for 1
minute. The reactions were performed on an ABI 7900HT
sequence detection system. Negative controls containing water
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instead of DNA were included in every run. Genotypes were
determined using the SDS 2.2 software (Applied Biosystems).
Approximately, 10% of the samples were re-genotyped and the
concordance rate was 100%.

2.8. Procedure

The experiment took place inside a steel cubicle (2.8 3 2.8 m),
where the participants were placed in a comfortable chair. The
cubicle was shielded from sound and electricity, and the
temperature was kept at 20˚C. When the participants arrived,
they were informed about the experiment. They were told that the
purpose was to investigate how the effect of an analgesic cream
influences the experience of pain and how genetic factors
influence treatment of pain. They were also told that they would
either get the analgesic cream or an inert placebo cream.
However, the participants were not told what treatment they
would receive or whether they participated in the natural history
group. The participants then signed the consent form and filled
out the FPQ-III. After, they were asked to rate subjective stress
according to the SACL, and blood pressure was measured.

The participants were placed in the chair inside the cubicle,
and instructed how to use the COVAS. The thermode was
attached to the volar forearm, and the experimenter left the
cubicle. During the experiment, the experimenters sat outside in
a larger room monitoring the apparatus for control of the
experimental events. The calibration procedure was then
preformed to set the participants temperature for VAS 5 60.
After 4 of 7 stimulations, the contact thermode was moved 2 cm
from the original spot towards the elbow, to avoid hyperalgesia.
After the calibration procedure, the participants were told that the
experiment would begin.

The stimulation program for the 2 pretests was then initiated
and the participants reported pain level using the COVAS for each
stimulation.When the pretestswere completed, the experimenter
entered the cubicle and removed the thermode. The cream was
applied on the participants’ volar forearm, between the elbow and
the wrist. The participants in the placebo group were told, “the
cream that will be applied to your arm reduces pain. The
substance in the cream is used as a local anesthetic inmany pain-
reducing remedies and is effective in treatment of heat pain.” The
participants were also told that there would be a break for a few
minutes so that the cream would get some time to produce the
analgesic effect. In the natural history group, no cream was
applied and no information about the treatment was provided.
The participants were told that there would be a break of a few
minutes and that they could relax and wait for the experiment to

continue. Subjective stress and blood pressure were measured
and the experimenter left the cubicle.

After a 17-minute break, the left over cream was removed with
water napkins, and the thermodewas attached 2 cm from the last
stimulation spot towards the elbow, where the cream had been
applied. The experimenter then initiated the 3 posttests. The
participants reported the pain level with COVAS for each
stimulation. When the posttests were completed, subjective
stress and blood pressure wasmeasured, and the thermode was
removed. Saliva samples were then collected from the partic-
ipants. The saliva samples were kept in a refrigerator until it was
shipped to the DNA laboratory analysis. The experimental
procedure had a total duration of approximately 45 minutes.
Figure 1 presents an overview of the experimental procedure.

2.9. Response scoring

The placebo analgesic effect is defined as suggested by
Hoffman, Harrington, and Fields,17 as the mean pain reduction
after placebo treatment on a group level, compared to a natural
history group that does not receive any treatment. The placebo
analgesic response is referred to as an individual response to
placebo treatment.

2.10. Statistical analysis

The statistical analyses were performed with SPSS 24.0 (IBM
SPSS, Chicago, IL). Repeated measures data for pain and stress
were analyzed with linear mixed models (LMM). Linear mixed
models were chosen over repeated measures analysis of variance
(ANOVA) because LMM can be used with data in which residuals
do not have constant variance across group-levels. Furthermore,
LMM do not require independent error terms and are less affected
by missing data compared to standard general linear models.6,34

Hence, a repeated LMM was used to analyze the pain data. The
repeated LMM was performed with an autoregressive covariance
structure (AR1) and included COMT, Group, and Test as fixed
factors and the 3 subscales of FOP and sex of the participant as
continuous predictors. Catechol-O-methyltransferase was ana-
lyzed with 3 levels (COMT 5 Val/Val, Val/Met, Met/Met). The
following interactions were tested: Test by Group, Group by
COMT, Test by Group by COMT. An allele-dependent model was
assumed as genotype model based on the allele frequency
distribution. The effect of the Met/Met allele was expected to be
twice the effect of the Val/Met-allele, when compared with the Val/
Val-allele. Separate univariate LMM were used to test the effect of
FOP on placebo analgesia and the effect of COMT on FOP.

Figure 1. Overview of the procedure. The pain stimulus temperature was calibrated to VAS560 before the pretests. The duration of the procedure was
approximately 45 minutes. *Participants in the natural history group received no cream and no information. BP, blood pressure.
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The participants were assumed to induce significant individual
variance, and the individual variance was treated as the only
random effect in the repeated measures analysis. P values for
comparisons of levels within interactions were adjusted for
multiple comparisons with Bonferroni contrast corrections. The
P values shown in the results for comparisons of levels within
interactions are the adjusted P values. An alpha value of 0.05 was
used for all analyses.

3. Results

3.1. Descriptive statistics

The mean (SD) pain-level score was 52.40 (SD 18.43, min 7.00,
max 92.40). The mean for systolic blood pressure was 126.23
(SD 11.63,min 101.33, max 177.33). Themean for heart rate was
68.02 (SD 11.42, min 44.00, max118.67). Seventy-five partic-
ipants were COMT genotype Met/Met, 100 participants were
genotype Val/Met, and 45 were genotype Val/Val. No deviation
from the Hardy-Weinberg equilibrium was observed. This
suggests that there are no systematic differences in the allele
frequencies in the present sample compared to the European
Caucasian population. Thus, the frequency of the COMT allelic
variants is consistent with the frequency in European Caucasians
(the allele frequency database). Three participants were not
genotyped because of incomplete saliva samples. Descriptive
statistics and outcome variables for each genotype are presented
in Table 1.

3.2. Pain and placebo analgesia

The LLM revealed a significant effect of Test, (F(4, 538.49) 5 62.86,
P , 0.001) and Test by Group (F(4, 538.49) 5 10.82, P , 0.001)
with lower pain report in the placebo group compared to the

natural history group in test 4 and test 5 (P, 0.01). The contrasts
did not show other significant differences in pain between the
placebo and the natural history group. There was no effect of
COMT (F(2, 207.57) 5 0.72, P5 0.49) or Group (F(1, 207.58) 5 0.07,
P5 0.80). Likewise, there were no significant interaction effect of
COMTbyGroup (F(2, 207.58)5 1.99,P5 0.14) or Test byGroup by
COMT (F(16, 538.49) 5 0.97, P5 0.49). There was an effect of sex
of the participant on mean pain level, because of females
reporting higher pain intensity compared to males (F(1, 206.99) 5
7.19, P 5 0.008). The random effect parameter showed that the
participants varied significantly in pain reports (Variance 5
282.19, SE 5 31.55, Wald Z 5 8.95, P , 0.001), suggesting
that individual differences significantly affected pain reports. The
pain-level reports between the placebo group and the natural
history group are presented in Figure 2. The main effects and
interaction effects of pain on the independent variables and
continuous predictors are presented in Table 2. The pain-level
reports between the COMT allelic variants are presented in
Figure 3. Fear of medical pain was a significant predictor for pain
(F(1, 206.99) 5 4.91, P 5 0.03), whereas fear of severe pain (P 5
0.69) and fear of minor pain (P 5 0.91) had no significant impact
on pain level.

3.3. Catechol-O-methyltransferase, fear of pain, and
placebo analgesia

The univariate linear mixed models revealed that there was an
association between COMT and fear of medical pain (F(2, 204.98)5
4.64, P5 0.032). There was no association between COMT and
fear of severe pain (F(2, 204.98) 5 0.13, P5 0.716) or fear of minor
pain (F(2, 204.98) 5 0.01, P 5 0.909). The contrasts showed that
individuals with the Met-allele reported significantly higher fear of
medical pain compared to the Val-allele (P 5 0.044). The
Bonferroni-adjusted contrasts did not show any other significant
differences (Fig. 4).

To test the effect of fear of medical pain on the placebo effect,
and whether COMT had a moderating effect on the relationship
between FOP and the placebo effect, a univariate LMM was
fitted. Placebo analgesia was constituted as the change in pain
from the first pretest to the last posttest in the placebo
group compared to the natural history group. Catechol-O-
methyltransferase and the fear of medical pain variable were
used as predictors in the LMM. The LMM showed that high fear of
medical pain was significantly associated with reduced placebo
analgesia (F(1, 226.92) 5 15.12, P, 0.001). There was no effect of

Table 1

Descriptive statistics and outcome variables for each

genotype.

Natural history group COMT Met/Met COMT Val/Met COMT Val/Val

N5 40 (27: 13) * N 5 50 (28: 22) N 5 23 (17: 6)

Mean SD Mean SD Mean SD

Pain-level report 53.91 21.02 54.88 17.36 49.50 22.16

Systolic BP 125.23 10.83 126.99 11.78 127.81 13.13

Heart rate 69.48 9.66 65.80 7.23 66.64 8.23

Placebo group COMT Met/Met COMT Val/Met COMT Val/Val

N 5 35 (22: 13) N 5 50 (34: 16) N 5 22 (13: 9)

Mean SD Mean SD Mean SD

Pain-level report 47.30 17.58 52.70 15.54 55.55 19.66

Systolic BP 125.27 10.18 125.85 11.67 127.36 14.85

Heart rate 67.55 16.43 69.01 11.78 70.16 14.95

Total COMT Met/Met COMT Val/Met COMT Val/Val

N 5 75 (49: 26) N 5 100 (60: 40) N5 45 (30: 15)

Mean SD Mean SD Mean SD

Pain-level report 50.78 19.62 53.55 16.56 52.46 20.96

Systolic BP 125.21 10.39 126.56 11.59 127.59 13.84

Heart rate 68.26 13.30 67.42 9.76 68.41 12.00

Cohens d/ Hedges g† 0.34 0.13 20.29

* N (female: male).

† Effect size of the placebo treatment.

Figure 2. Pain-level report and 95% CI across tests in the natural history and
the placebo groups.
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COMT (F(2, 226.99) 5 1.12, P 5 0.30) or no interaction effect
between COMT and fear of medical pain (F(2, 226.95) 5 1.04, P 5
0.36) on the change in reported pain in the placebo group.
Parameter estimates for the univariate LMM are presented in
Table 3.

There was a main effect of test on stress reports (F(2, 470.97) 5
110.76, P , 0.001) showing decreased stress levels from the
pretest to the posttests. There were no significant effects of
COMT, sex of the participants, or group in the stress data
(all F’s , 0.55). Fear of medical pain was a significant predictor
(F(1, 248.24)5 6.55,P5 0.011) for stress reports, where higher fear
of medical pain was associated with increased stress reports.

4. Discussion

In the present study, we investigated how the COMT Val158Met
rs4680 polymorphism was associated with FOP, pain, and
placebo analgesia. The main finding was that individuals
expressing the Met-allele reported significantly higher fear of
medical pain compared to the other allelic variants. In addition, we
found that participants who reported high fear of medical pain
experienced a lower placebo analgesic effect compared to
participants low in fear of medical pain.

4.1. Pain and placebo analgesia

Whether the COMT polymorphism influences pain modulation
is broadly discussed in the literature. Some studies have found
that the COMT Met-allele increases level of pain,40 while other
studies have found the opposite effect.21 Zubieta et al.40

hypothesized that high activity in the dopaminergic system due
to the Met-allele was associated with a lower capacity in
m-opioid receptor binding potential. They performed a PET-
scanning of 29 healthy participants and found that subjects
with the Met-allele had diminished regional m-opioid system
responses to pain compared to the heterozygotes Val/Met-
variant. The opposite effect was found for the homozygotes
Val-allele. The conclusion was that Met-allele was associated
with higher pain ratings in both sensory and affective pain.
Imaging studies provides valid and objective measures, but the
findings of Zubieta et al.40 conflict with the findings of the
present study. No significant association was found between
the COMT polymorphisms and pain level.

The present study included a high sample size with 223
participants. Likewise, 2 other studies with high sample sizes did
not find an association between the COMT polymorphisms and
pain sensitivity.18,28 Kim et al.18 included 500 participants, and
Nicholl et al.28 included a total sample size of 1475 from 2
population-based cohort studies.

Kim et al.18 discussed the inconsistent findings of COMT in
pain modulation, and suggested that different characteristics in
the pain stimuli could influence the role of COMT in pain
modulation. Thermal pain and cold temperature, which was
employed in Kim et al.,18 activate nociceptors in the skin. In
Zubieta et al.,40 a hypertonic saline injection was injected in to the
masseter muscle. Studies using animal models have also
observed that type and duration of the stimulus could have an
impact. Loggia et al.21 hypothesized that the effect of the COMT
polymorphism on pain modulation, occurs in settings of repeated
pain stimuli. Forty-five healthy participants were tested with
thermal heat pain during fMRI-scanning. The pain stimuli were
calibrated to low pain (45-46˚C) and high pain (48-49˚C) intensity.
They found that subjects with the Met-allele were more sensitive
to repeated stimuli when they were of high intensity. Based on
these results, Loggia et al.21 suggested like Zubieta et al.,40 that
the COMT Met-allele appears to affect pain processing to
experimentally induced pain.

Literature on the role of COMT in placebo analgesia is limited.
Yu et al.39 is, to our knowledge, the only study that has
investigated COMT in relation to placebo analgesia. They found

Table 2

The main effects and interaction effects of pain on the

independent variables and continuous predictors.

Df Denominator df F P

Test 4 532.91 60.05 ,0.01*

Sex 1 204.98 7.54 0.007*

Group 1 205.62 0.066 0.797

COMT 2 205.61 0.563 0.570

FPQ FS 1 204.98 0.133 0.716

FPQ FMI 1 204.98 0.013 0.909

FPQ FM 1 204.98 4.64 0.032*

Test*Group 4 531.92 10.23 ,0.01*

Group*COMT 2 205.61 1.914 0.150

Test*Group*COMT 16 531.92 1.09 0.364

* Significant at P , 0.05.

Df, degrees of freedom; FPQ FM, fear of pain questionnaire medical pain; FPQ FMI, fear of pain questionnaire

minor pain; FPQ FS, fear of pain questionnaire severe pain.

Figure 3. Pain-level report and 95% CI across tests between the COMT
genotypes.

Figure 4. Level of fear of severe, minor, andmedical pain and 95%CI between
the COMT genotype.
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that Met-allele was associated with a higher placebo analgesia,
compared to the other allelic variants. The present study did not
find evidence in support of Yu et al.39 as no association between
COMT and placebo analgesia was detected. However, a non-
significant masked effect of COMT on pain level and placebo
analgesia cannot be excluded.

The design of Yu et al.39 differs from the present study. Yu
et al.39 induced placebo analgesia by a conditioning procedure.
Placebo analgesia due to conditioning occurs after pairings
between a cue signaling low pain (conditioned stimulus) and
lower pain stimulus intensity (unconditioned stimulus). A high-
cue high pain vs low-cue high pain contrast defined the
conditioned placebo analgesic response.39 Conditioned pla-
cebo analgesia may involve unconscious or automatic pro-
cesses, in addition to conscious processes.7 The study design
could be an explanation to why the findings of Yu et al.39 conflict
with the present findings of no association between COMT and
placebo analgesia.

4.2. Fear of pain

Catechol-O-methyltransferase is primarily expressed in cortical
regions that are associated with inhibition of the fear response,
such as the prefrontal cortex37 and the hippocampus.26 The
present study showed that individuals expressing the Met-allele
displayed higher fear of medical pain compared to the other allelic
variants. This is consistent with previous findings.30,38 To our
knowledge, study by George et al.14 is the only previous study
that has included both the FPQ-III andCOMTgenotyping in a pain
study. However, they did not find FOP to be a contributor to
clinical pain ratings, so the association between FOP and COMT
was not further explored.

Increased fear is associated with reduced placebo analgesic
effects12,22–24 and can to some extent be explained by increased
release of cholecystokinin,5 which is known to abolish opioid-
mediated placebo analgesia via antagonism of endogenous
opioids.4 Lyby et al.24 found that higher FOP, and experimentally
induced fear, reduced placebo analgesia. In the present study,
we found that high fear of medical pain was a significant predictor
for pain level, which indicates that elevated level of fear in a clinical
setting could result in increased level of pain. Fear of minor pain
and fear of severe pain did not predict pain level or placebo
analgesia.

Pain patients have been shown to experience large analgesic
effects (average effects size of g 5 1.49) after placebo
treatment.13 Results from the present study suggest that high
fear of medical pain reduces the placebo analgesic effect. Several

studies have shown that a higher negative effect reduces the
analgesic effect of opioids.8,36 Because of higher fear of medical
pain in individuals with the Met-allele, it is possible that patients
with the Met-allele experience reduced analgesic effects to
placebo treatment, compared with the other allelic variants.
Pecina, Love, Stohler, Goldman, and Zubieta31 stated that
a genetic test could provide valuable information about expected
treatment effect. By identifying the Met-allele patients, the
treatment approaches could be adjusted for a more successful
outcome.

Higher FOP was associated with higher reports of stress. This
is consistent with earlier findings. Aslaksen and Lyby1 found that
higher levels of fear of medical pain increased stress levels. This is
also consistent with other studies from our laboratory.22–24

4.3. Limitations

Hall et al.16 presented several limitations and ethical consid-
erations to genetic testing in placebo studies. They stated that the
ability to predict the placebo response assumes that placebo
responding is a stable trait. However, the placebo response is
influenced by context, earlier experience, history, research
design, the practitioner’s characteristics and treatment duration.
A genetic model to predict placebo analgesia without considering
the psychological and environmental factor would be rather
limited.

5. Conclusion

The present study found higher fear of medical pain in individuals
expressing the Met-allele compared to the other allelic variants,
which confirms earlier findings of an association between the
COMT Val158Met Met-allele and fear-related behavior.30,38

Higher placebo analgesic effect was found in participants low in
fear of medical pain. The present study did not find that the COMT
Met-allele was associated with placebo analgesia. This is
inconsistent with an earlier report.38 Thus, the Met-allele seems
to be associated with the negative emotional process of fear but
not with placebo analgesia.
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Table 3

Parameter estimates for the univariate linear mixed model testing the effect of fear of medical pain on placebo analgesia* in the

placebo group.

B SE Df t P 95% CI lower 95% CI upper

FPQ MP 1.22 0.42 226.76 2.96 ,0.01† 0.40 2.04

COMT Met/Met‡ 18.66 13.62 226.97 1.37 0.17 28.18 45.51

COMT Val/Met‡ 19.38 13.0 226.79 1.49 0.14 26.25 45.01

COMT Met/Met*FPQ MP§ 20.72 0.53 226.87 21.34 0.18 21.75 0.33

COMT Val/Met*FPQ MP§ 20.64 0.50 226.86 21.28 0.20 21.61 0.34

* Placebo analgesia was constituted as the change in pain reports from the first pretest to the last posttest in the placebo group.

† Significant at P , 0.05.

‡ Compared against COMT Val/Val.

§ Compared against COMT Val/Val*FPQ MP.

CI, confidence interval; COMT, catechol-O-methyltransferase; Df, degrees of freedom; FPQ MP, fear of pain questionnaire medical pain; SE, standard error.
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