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Abstract

Background: Treatment outcome of low back pain (LBP) is associated with inter-individual variations in pain relief
and functional disability. Genetic variants of catechol-O-methyltransferase (COMT) gene have previously been shown
to be associated with pain sensitivity and pain medication. This study examines the association between COMT
polymorphisms and 7–11 year change in Oswestry Disability Index (ODI) and Visual Analog Score (VAS) for LBP as
clinical outcome variables in patients treated with surgical instrumented lumbar fusion or cognitive intervention
and exercise.

Methods: 93 unrelated patients with chronic LBP for duration of >1 year and lumbar disc degeneration (LDD) were
treated with lumbar fusion (N= 60) or cognitive therapy and exercises (N= 33). Standardised questionnaires
assessing the ODI, VAS LBP, psychological factors and use of analgesics, were answered by patients both at baseline
and at 7–11 years follow-up. Four SNPs in the COMT gene were successfully genotyped. Single marker as well as
haplotype association with change in ODI and VAS LBP, were analyzed using Haploview, linear regression and
R-package Haplostats. P-values were not formally corrected for multiple testing as this was an explorative study.

Results: Association analysis of individual SNPs adjusted for covariates revealed association of rs4633 and rs4680
with post treatment improvement in VAS LBP (p= 0.02, mean difference (β)= 13.5 and p= 0.02, β= 14.2
respectively). SNPs, rs4633 and rs4680 were found to be genotypically similar and in strong linkage disequilibrium
(LD). A significant association was found with covariates, analgesics (p= 0.001, β= 18.6); anxiety and depression
(p= 0.008, β= 15.4) and age (p= 0.03, mean difference per year (β)= 0.7) at follow-up. There was a tendency for
better improvement among heterozygous patients compared to the homozygous. No association was observed for
the analysis of the common haplotypes, these SNPs were situated on.

Conclusions: Results suggest an influence of genetic variants of COMT gene in describing the variation in pain
after treatment for low back pain. Replication in large samples with testing for other pain related genes is
warranted.
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Background
Lumbar disc degeneration (LDD) represents a cause of
the low back pain (LBP) [1]. A strong correlation be-
tween the severity of degeneration and LBP has not been
established. Some studies have found a relationship be-
tween the radiological findings of LDD and LBP [2],
while others indicate a high prevalence of abnormal
radiological changes in asymptomatic individuals [3,4].
A substantial inter-individual variation among LDD
patients with regard to the pain sensitivity and the re-
quirement of post-operative analgesia has been recog-
nized. Thirty five to 68 percent of the LBP susceptibi-
lity has been reported to be accounted for by the genetic
factors [5].
Variation in certain genes encoding proteins involved

in pain modulation, transduction, transmission, and con-
duction pathways (pain-genes), could be helpful in clas-
sifying the LDD patients experiencing varying degrees of
pain. With regard to the variation in human pain pheno-
types, associations have been reported with single nu-
cleotide polymorphisms (SNPs) in genes coding for
catechol-O-methyltransferase (COMT), opioid receptors
(OPRM1, OPRD1), transient receptor potential (TRPV1,
TRPA1), fatty acid amide hydrolase (FAAH) and α-subunit
of voltage gated sodium channel (SCN9A)[6-11].
Among these, COMT gene variations (more than 30
SNPs) are the most studied in both human and ex-
perimental models.
COMT is an enzyme that mediates the O-methylation

of certain catecholic pain pathway neurotransmitters in-
cluding catecholamines (adrenaline and noradrenaline),
dopamine, catecholestrogens and their hydroxylated
metabolites [12-14], thereby eliminating their biological
activity and toxicity. COMT is highly expressed in liver,
kidney, brain, adrenal and lungs [15]. Although the
exact mechanism is unclear, it has been proposed
that it acts by effecting the adrenergic, noradrenergic
and dopaminergic pain modulating and processing
mechanisms [16,17].
The COMT gene is located on chromosome 22q11.2

[18]; with a 1.3 kb transcript producing the low affinity
soluble S-COMT and a 1.5 kb transcript producing both
soluble and high affinity membrane bound MB-COMT
[15]. Polymorphisms of the COMT gene have been
shown to contribute to the inter-individual variations in
sensitivity, severity and chronicity of pain as well as its
response to analgesics [8,19]. Pain intensity is also influ-
enced by psychological factors and use of pain medica-
tion. Anxiety and depression are often associated with
chronic pain [20].
The most studied COMT SNP (rs4680. Val158Met)

is located in the coding region, where a non-
synonymous A to G single nucleotide change causes
replacement of valine (Val) to methionine (Met) at
codon 158 in MB-COMT and 108 in S-COMT [21].
Met158 has lower thermo-stability and hence a
decreased enzyme activity at normal body temperature
as compared to the Val158 [22]. With regard to the
genotypes, it has been shown that Val158 homozygous
individuals have three-fourfold increased activity of
COMT compared to the Met158 homozygotes, and an
intermediate COMT activity with heterozygotes [23].
The COMT activity showed an inverse correlation
with pain sensitivity. It has also been reported that in
response to muscular pain, individuals homozygous
for the 158Met allele possessed decreased activation
and higher density of μ-opioid receptors in brain com-
pared to 158Val homozygotes [24]. In another study in-
volving cancer pain patients, it was reported that 158Val
homozygotes required a 50% higher morphine dose than
the 158Met homozygotes in [25].
An allele at another coding COMT polymorphism

rs6267, also encodes a substantially less active enzyme
but its prevalence is much lower [26]. In the non-coding
region of the COMT gene, rs2075507 has been shown to
impart a minor effect on the enzyme activity through
altering mRNA expression [27].
A recent study found an association of a COMT SNP

rs4633, as well as of a haplotype containing rs4633,
rs4680, rs6269 and rs4818 with greater improvement in
1 year post-operative Oswestry Disability Index (ODI)
score in patients who had fusion for persistent LBP [28].
On the basis of variation in experimental pain sensi-

tivity; a study has identified a high pain sensitivity
(HPS) or low COMT activity haplotype, a low pain sen-
sitivity (LPS) or higher COMT activity haplotype, both
including the similar amino acid sequence of Val158Met
polymorphisms and differing in a synonymous SNP [8].
The APS/HPS diplotype causing the low COMT activity
was also found to be associated with higher pre-
operative pain scores and increased risk for post-
operative pain [29].
In light of the broad spectrum of pain ratings in

patients with LDD treated for LBP, we aimed to investi-
gate the effect of the genetic variation in COMT gene on
the pain and disability scores among patients treated
with lumbar instrumental fusion or cognitive interven-
tion and exercises.
Methods
Study design
This study is a prospective genetic association study.
The cohort used was originally designed as a rando-
mized control trial and the prospective design was used
for obtaining data at follow up but results are given for
the whole cohort with adjustment for the treatment
received.
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Patient sample
124 unrelated Norwegian patients with chronic LBP and
age ranging from 25–60 years, who were recruited from
two randomized control trials (RCTs) published previ-
ously, were invited to participate. Results from the two
RCTs showed no difference among groups randomized
to surgical and cognitive intervention and exercises and
the studies were merged at long term follow-up [30-33].
At baseline, each patient was examined by at least one
spine surgeon and one specialist in physical and rehabili-
tation medicine. All patients underwent plain radiog-
raphy of lumbar spine. The inclusion criteria were:
age ≥ 25 years; LBP, duration >1 year despite of undergo-
ing supervised non operative treatment; ODI score > 30
of 100 points; and disc degeneration at no more than
two levels i.e. L4-L5 and/or L5-S1 as assessed by
plain radiography. Exclusion criteria were: widespread
myofascial pain; spinal stenosis with reduced walking dis-
tance and associated neurological signs; recurrent disc
herniation or lateral recess stenosis with clinical signs of
rediculopathy; inflammatory disease; previous spinal frac-
ture; previous surgical fusion of spine; pelvic pain; general-
ized disc degeneration on plain radiographic assessment;
ongoing serious somatic or psychiatric disease that could
exclude treatment alternatives; registered medical abuse
and reluctance in accepting either one or both treatment
modalities of this study.
Ninety nine patients responded to the follow-up exam-

ination at mean 8.5 years (range 7–11 years). Ninety three
patients were ethnically West European and hence 6 were
excluded due to a non European ethnicity. Fifty one were
randomized to lumbar instrumented fusion and 42 to cog-
nitive intervention and exercises. Five patients randomized
to fusion did not undergo surgery and 14 patients rando-
mized to cognitive treatment had later undergone fusion.
Demographics and pain characteristics of the 93 patients
Table 1 Demographics and pain characteristics of 93 patients
means [SD]

Treatment

Number of patients

Gender (M/F)

Age at follow-up, years

Baseline ODI

Follow-up ODI

Change in ODI

BaselineVAS LBP

Follow-up VAS LBP

Change in VAS LBP

Percentage patients taking daily analgesics at follow-up

Percentage patients reported moderate to severe anxiety and depression at
with LBP, according to the treatment received are given in
Table 1. Among the 19 patients who did not receive the
treatment they were randomized to, 7 were males and 12
were females, mean age was 53.5 years and ODI and VAS
LBP change given as mean [SD] were – 22.6 [24.8]
and – 26.3 [30.0] respectively.
The eligible patients were informed orally as well as in

writing about the study procedures before consenting.
The Regional Committee for Medical Research Ethics
in Health Region South-East Norway approved the
study. It was also recommended by Biobank register
at the Norwegian Institute of Public Health and by
patient’s ombudsman at Oslo University Hospital.

Study interventions
The surgery was postero-lateral fusion with transpendi-
cular screws at L4-L5 and /or L5-S1. Cognitive interven-
tion and exercises were given by physiotherapists and a
specialist in physical and rehabilitation medicine, and
involved one week plus two weeks at outpatient facility
interrupted by two weeks at home.

Predictors and outcome variables
The clinical data regarding age, ethnicity, gender, and
co-morbidity was obtained at baseline. At baseline and
follow-up, these patients filled in standardised question-
naires for assessing the ODI and VAS (Visual Analog
Scale) LBP scores. ODI comprised of 10 questions about
pain and pain related disability, each having six verbal
response alternatives. The sum of the response score is
calculated and presented as percentage where 0% repre-
sents no pain and disability, and 100% represents the
worst possible pain and disability [34].
Low back pain intensity was scored on three vertical

visual analog scales, ranging from 0 (no pain) to 100
(worst pain imaginable). Patients scored their maximum
with low back pain given as numbers or percentages or

Lumbar fusion Cognitive-exercises

60 33

20/40 15/18

52.3 [8.0] 51.1 [8.0]

46.0 [11.8] 40.6 [8.5]

23.8 [18.6] 24.6 [15.9]

- 22.2 [23.0] −16 [15.4]

63.4 [14.6] 60.6 [11.6]

35.6 [27.0] 41.8 [22.1]

- 27.8 [29.2] −18.8 [23.2]

51 24

follow-up 31 35
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pain, minimum pain and current pain at last week, re-
spectively. The mean of these three measurements was
calculated [35].
Information on the use of analgesics was reported by

patients as four response alternatives: daily; weekly;
monthly and less often [36]. Pain medication was
dichotomized into using daily pain medication and less
often.
Information on anxiety and depression was acquired

through EuroQol questionnaire EQ-5D [37,38] and Hop-
kins Symptom Check List (HSCL-25) [39]. These vari-
ables were correlated (r= 0.7). In the present study we
used the domain from EQ-5D, dichotomized into no
anxiety and depression and moderate to severe anxiety
and depression.
Clinical outcome variables used were the change in

ODI and VAS LBP scores from baseline to 7–11 year
follow-up (post treatment value – pre treatment value),
that is the change for the whole cohort overtime and not
the difference in change between treatment groups.

Genotyping
Genomic DNA from 87 patients was extracted from 9 ml
of venous blood by salting out method [40] and for the
remaining 6 patients from 2 ml of saliva using a collection
kit (DNA genotek, kanata, Ontario Canada). Based on the
previously proposed association between genetic variations
of catechol-O-methyltransferase (COMT) and difference in
pain sensitivity, five SNPs (rs4633, rs4680, rs4818, rs6269
and rs2097603) were selected for genotyping [28]. Genotyp-
ing for these SNPs was performed by SequenomTM system,
using matrix-assisted laser desorption/ionization time-of-
flight (MALDI-TOF) mass spectrometry at the Centre for
interactive genetics; Cigene, Norwegian University of Life
Sciences (UMB) Aas.

Statistical Analysis
Hardy-Weinberg equilibrium, pair wise linkage dis-
equilibrium (LD), genotype success rate and minor
allele frequency were calculated using the statistical
programme Haploview version 4.2 [41]. The cut off
value for divergence from Hardy-Weinberg equilib-
rium was (p ≥ 0.001). Inclusion of SNPs in this study
was subject to the threshold for genotype success rate
(GSR) set to be > 95%.
Linear regression analysis was performed for assessing

the effect of each individual SNP on the ODI and VAS
LBP change as dependent variables, along with control-
ling for covariates such as age, gender, fusion, analgesics
and psychological factors. Normality was tested by histo-
grams and Q-Q plots of residuals and was found to be
acceptable for regression analysis.
Analysis was performed by using both recessive and

additive genetic models. In the recessive model, we
assumed that the change in post treatment pain scores
was increased / decreased when having two copies of a
specific allele compared to having only one or zero cop-
ies of the specific allele. Mean difference in pain score
(β) between patients having two copies and those having
one or zero copies was estimated in regression analysis.
In the additive model, we assumed that the change in
the post treatment pain scores was increased two fold by
possessing two copies of the specific allele, compared to
having a single copy. A p-value ≤0.05 was considered
statistically significant. This was an explorative study
and therefore the p-values were not formally corrected
for multiple testing. The effect size for power 0.8 and
significance level of 0.05 for rs4633 and rs4680 was 0.65
and a conservative estimate for smallest difference for
VAS LBP change was calculated to be 17.4.
Association analysis between the common haplotypes

of the SNPs with frequency > 0.02 and ODI and VAS
LBP change, along with effect of covariates was per-
formed on data from the whole cohort of 93 patients
using the R package Haplostats [42]. The estimated
frequencies and regression coefficients were computed
by the function haplo.glm using an additive model by
default. The reference haplotype was selected to be the
most frequent haplotype as a baseline for linear regres-
sion by the software.

Results
The genotype success rate was≥ 97% for all SNPs
(Table 2), except rs2097603 (71%), which was therefore
excluded. No divergence from Hardy-Weinberg equilib-
rium was observed for any of the tested markers
(Table 2). The minor allele frequencies observed for each
SNP in our population were comparable to what has
been reported for European Hap Map samples (Table 2).

Single marker association analysis
In order to test an association of individual SNPs with
the 7–11 years change in ODI and VAS LBP scores, a re-
cessive genetic model was used in addition to the addi-
tive genetic model due to the restricted power of our
sample. In the presence of age, gender and fusion as cov-
ariates, recessive model analysis of 93 patients (both
surgical and cognitive-exercise) revealed associations
between COMT polymorphisms rs4633 and rs4680 and
post treatment reduction in pain (p=0.05, β=12.1 and
p=0.04, β=12.7 respectively). These covariates were
found to be non significant. No association was observed
for the remaining two SNPs.
The association between rs4633 and rs4680 and reduc-

tion in pain was statistically significant (p= 0.02) after
adjustment for consumption of analgesics, and anxiety
and depression. These covariates were found to be sig-
nificantly associated with reduction in pain (Table 3).



Table 2 Overview of the selected COMT SNPs

SNP* Location HWE** p-val GSR %† Alleles { MAF} cases MAF reported

rs4633 Exon 3 0.92 97.8 C/T 0.46 0.52

rs4680 Exon 4 1.0 100 G/A 0.46 0.52

rs4818 Exon 4 1.0 100 G/C 0.41 0.48

rs6269 Intron 2 0.91 100 G/A 0.42 0.49

* Single nucleotide polymorphism; ** Hardy-Weinberg equilibrium; † Genotype success rate;
{ Minor/Major alleles; } Minor allele frequency.
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Reduction in pain was largest among patients who
reported to take analgesics weekly or less often at
follow-up and in patients who reported no anxiety and
depression at follow-up. SNPs explained 3% of the vari-
ation and 11% with age, gender and fusion. When
analgesics and anxiety and depression were entered into
the model, the explained variance increased from 11 to
31%. No association was observed for any of the SNPs
with ODI change, although the ODI change explained
60% of variance in pain change.
A sensitivity analysis performed according to intention

to treat, revealed associations similar to the analysis
based on treatment received. In the additive genetic
model we observed no significant association between
the tested markers and the follow-up ODI and VAS LBP
change.
The two polymorphisms rs4680 and rs4633 were in

strong linkage disequilibrium [LD] (D'= 1 and r2= 1) and
hence A/A, A/G and G/G of rs4680 corresponded to the
T/T, T/C and C/C of rs4633. Among the total group of
93 patients, two patients lacked rs4633 data while none
lacked results for rs4680. Therefore, as these two SNPs
were perfectly correlated (r2= 1), we chose to focus on
rs4680 in further analysis. We observed that patients
heterozygous for rs4680 alleles had a greater improve-
ment in pain at long term follow-up (Figures 1 and 2).
The reduction in pain (given as mean [SD] of change

in VAS LBP score) was largest among A/G heterozygotes
(−32.2 [25.4]), followed by a nearly equal reduction
among A/A homozygotes (−17.5 [25.3]) and G/G
homozygotes (− 16.7 [31.0]) (Table 4).
Table 3 Single marker association analysis of COMT SNPs and
recessive genetic model

rs4633

Mean difference (β)† (95% CI)

SNP*} 13.5 (1.9, 25.0)

Age 0.7 (0.05, 1.3)

Gender 6.9 (−3.9, 17.7)

Fusion 11.82 (0.8, 22.8)

Analgesics 18.4 (7.2, 29.6)

Anxiety and depression 14.6 (3.2, 26.0)

* Single nucleotide polymorphism, † mean difference in pain score (for age β is the
rs4680: A/A).
Associations for rs4633 and rs4680 with improve-
ment in pain among the fused group were also statis-
tically significant, both in the absence and when
controlled for covariates.

Haplotype association analysis
In view of the previously proposed associations of differ-
ent COMT haplotypes with pain sensitivity and the fact
that more haplotypes have shown associations compared
to the individual SNPs, we constructed haplotypes. All
four SNPs were in strong LD, and the three most com-
mon haplotypes accounted for more than 96.6% of all
observed haplotypes (Table 5). No association was
observed for any of the haplotypes, with reduction in
pain and disability at long term.

Discussion
In the present study we found significant associa-
tions between the COMT polymorphisms rs4633 and
rs4680 (Val158Met) and pain reduction at long term
follow-up among fused and non-fused patients with
chronic LBP. The polymorphism rs4633 was in
complete linkage disequilibrium (LD) with rs4680
and hence showed similar results.
Dai et al were the first to test the association between

COMT variants and surgical outcome with regard to pain
and disability in 69 patients with lumbar fusion. They
reported an association between improvement in ODI
score and both a single marker (rs4633) and a COMT
haplotype [28]. Our results are in line with Dai et al. with
regard to the associations observed between success
7–11 years follow-up VAS LBP change in 93 patients, a

rs4680

p value Mean difference (β) (95% CI) p value

0.02 14.2 (2.7, 25.6) 0.02

0.04 0.7 (0.08, 1.4) 0.03

0.21 7.8 (−2.8, 18.5) 0.15

0.04 10.9 (0.1, 21.6) 0.05

0.002 18.6 (7.5, 29.7) 0.001

0.01 15.4 (4.1, 26.7) 0.008

mean difference in pain score per year); } Recessive genotype (rs4633: T/T;



Figure 1 Bar plot diagram of 93 patients for post treatment
VAS LBP change. Bar plot diagram of 93 patients for post
treatment VAS LBP change (given as mean) in three genotypes (A/A,
A/G, G/G) of rs4680. The error bar denotes the standard error of the
mean; N denotes the number of patients for each genotype and the
height of the filled rectangle boxes denotes the mean.
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of treatment and rs4633 but do not replicate their
findings, as our associations were with pain reduction
and not with ODI. In addition we reported associ-
ation for rs4680 as well, which was not found in the
study by Dai et al.
Figure 2 Scatter plot diagram of 93 patients for post treatment VAS L
change in three genotypes (A/A, A/G, G/G) of rs4680. The dashed line represen
Although the pain genes could only explain 3.0% of the
variance in pain change, association remained significant
after adjustment for covariates. The most important cov-
ariates were the reported use of pain medication and anx-
iety and depression at follow-up, as the explained variance
increased from about 11% for the pain gene with age, gen-
der and treatment to about 31% with addition of pain
medication and anxiety and depression. Twice as many
fused patients (51%) used analgesics daily at follow up,
compared with the cognitive intervention and exercises
(24%) and although the co linearity and correlation statis-
tics was acceptable for performing multiple regression
analysis, fusion was both negatively (with pain medication)
and positively associated with change in pain (Table 3).
The observed associations suggest that it seems unlikely
that treatment responses can be predicted solely by the
analysis of COMT gene polymorphisms and it may be
recommended to assess the influence of candidate genes
for both disc degeneration and pain in a larger cohort.
In the present study the largest improvement was

observed for A/G heterozygous patients using the reces-
sive genetic model. These results are contrary to the
dose effect of the SNP and along with lack of association
observed in the additive model, suggest that the effect is
not increasing. Studies have shown that the three geno-
types of the rs4680 influence the human experience of
pain differently, with Met/Met homozygous patients
being more pain sensitive compared to the Val/Val and
those heterozygous possessed an intermediate pain sen-
sitivity [24]. Increased enzyme activity is inversely
related with the pain sensitivity and it has been reported
BP change. Scattergram of 93 patients for post treatment VAS LBP
ts the mean value and continuous lines denote standard error of mean.



Table 4 Characteristics of the patients (N= 93) after
stratification on rs4680 genotypes (Mean [SD])

Variable A/A A/G G/G

No of patients 27 46 20

Gender (M / F) 6 / 21 18 / 28 11 / 9

Age at follow-up 51.8 [8.3] 52.0 [8.2] 51.7 [7.3]

Fusion / Cognitive 19 / 8 30 / 16 11 / 9

Baseline ODI 43.7 [10.2] 46.1 [11.9] 39.9 [9.2]

Follow-up ODI 26.1 [17.4] 22.1 [19.7] 25.8 [18.1]

ODI change - 17.6 [17.0] - 24.0 [22.6] - 14.1 [19.7]

Baseline VAS LBP 59.9 [14.1] 64.4 [13.4] 61.3 [13.6]

Follow-up VAS LBP 42.5 [18.3] 32.1 [26.6] 44.6 [29.0]

VAS LBP change - 17.5 [25.3] - 32.2 [25.4] - 16.7 [31.0]

VAS LBP change [Median] - 19.3 - 24.7 - 4.3
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that Val/Val homozygotes produce an effective enzyme
and vice versa, while the heterozygotes express an inter-
mediate COMT activity [14]. Lotsch et al. reported that
carriers of Val/Val alleles were more sensitive to pain
compared to the non carriers [43]. The present findings
of a larger pain reduction in heterozygous individuals
after stratification according to genotypes, does not fit
with the already reported results. Frequency of Val/Met
heterozygotes was much higher in our sample compared
to Val/Val and Met/Met homozygotes. Due to a small
sample size the findings could be false and by chance as
we have not observed pain improvement in homozygous
individuals which should have been in line with assumed
functional effect of the enzyme. A case control study
involving 61 Turkish fibromyalgia patients has previ-
ously reported a higher frequency of Val/Met heterozy-
gotes [44] and also an association between individuals
heterozygous for COMT gene polymorphisms rs464312
and rs6269 and pain sensitivity has previously been
reported [10].
The association observed in the present study was with

change in pain scores at long term follow-up, while Dai et
al. have assessed the change at 1 year and in contrast to
our findings Dai et al. reported a greater improvement
with rs4633 homozygotes and an intermediate improve-
ment with heterozygotes. In the present study change in
ODI and VAS LBP were moderately correlated (r2=0.6)
and therefore it is not unlikely to detect an association
with one variable and not with the other. Contrary to
Table 5 Observed haplotypes and their estimated
frequencies

rs4633 rs4680 rs4818 rs6269 Frequency %

T A C A 52.7

C G G G 40.1

C G C A 3.8
Dai et al. who reported a significant association between
a haplotype involving rs4633, rs4680, rs6269 and rs4818
and greater improvement in ODI score, our associations
for similar haplotypes did not reach statistical signifi-
cance neither for ODI nor for pain change. This is des-
pite the fact that we have found association for two
individual SNPs i.e. rs4680 and rs4633, which were also
a part of this haplotype. Diatchenko L et al have also
reported that as a single SNP, rs4680 was not associated
with pain sensitivity despite possessing the same amino
acid sequence as part of different haplotypes possessing
different COMT activity and pain sensitivities [8]. These
minor discrepancies could be due to population differ-
ences in LD and haplotype structures. The contrasting
results make it difficult to establish the true genotypic
effect. Nevertheless both these studies support the poly-
morphism as being associated. Genetic studies ideally
require a large patient number that can tolerate the
correction for multiple testing in order to avoid false
positive results. Patient sample of the present study is
larger as compared to Dai et al. and included fused and
non-fused patients.
The mechanism of pain modulation is complex and

many studies have either failed to show any associations
between COMT variation and pain sensitivity [45,46],
while other studies have found an association with pain
sensitivity and variation in dosage requirement of mor-
phine in cancer pain patients [25].
Inclusion of covariates in the analysis and homogeneity

with regard to genetic make up and ethnicity are the
strengths of this study. The distribution of different geno-
types of rs4680 (A/A, A/G and G/G) was homogenous
among both surgical and cognitive-exercise group (p=0.6),
and hence there was no evidence for selection bias on the
basis of genetic make up among patients treated by the
two different modules.
The conservative estimate for smallest difference for

VAS LBP change was set at 17.4 in this study. Despite
having limitations of sample size and being underpow-
ered, this study gives suggestion towards the direction in
which future research should head in examining the dif-
ferent clinical phenotypes related to patients with lum-
bar disc degeneration.
LBP is a major cause of disability among the popula-

tion of the industrialized world, in turn leading to a
socio-economic deterioration [47]. The pathogenesis and
etiology of lumbar disc degeneration is complex regard-
ing both degenerative process and patient’s symptom-
atology with regard to pain and disability. Radiologically
assessed changes in the discs may or may not cause pain
[48] and there is a visible variation in the patient out-
comes after treatment. Thus, there is an indication and
need for spine researchers to expand their knowledge at
the molecular level, with regard to genetics of the
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degeneration of the lumbar discs and an inter-individual
difference in pain sensitivity following the treatments.
Co-morbidity in patients with LBP has also been

reported. Hagen et al, reported that pain was more often
located to the whole spine (not just the lower back), legs
and head, in patients with LBP as compared to the normal
healthy controls [49]. Another study reported an increased
prevalence of subjective health complaints in patients suf-
fering from sciatica due to a herniated disc, compared to
the normal healthy population [50]. These findings suggest
a role of underlying genetic factors related to the pain sen-
sitivity and perception that can predispose the patient to
chronic pain, not just in the lower back but in other parts
of the body as well. Previous studies have focussed on disc
degeneration and genetics to reveal spine specific risk fac-
tors, while the focus on the role of pain genetics in the
clinical outcome of LBP patients has been lacking.

Conclusions
This study reports an association between variation in
the pain gene COMT and reduction in pain in patients
with LBP and lumbar disc degeneration at long term fol-
low-up. Our findings suggest that genetic variants of
COMT gene may contribute to describe the success of
treatment, but that psychosocial factors might be more
important. These results warrant replication in large
samples with testing for other pain related genes, which
in turn may help explain the inter-individual variation
and contribute to more predictable treatment outcome.
Abbreviations
COMT: Catechol-O-methyltransferase; LDD: Lumbar disc degeneration;
LBP: Low back pain; SNPs: single-nucleotide polymorphisms; ODI: Oswestry
Disability Index (ODI); VAS: Visual Analog Score.

Competing interests
The authors declare that they have no competing interest.

Authors’ contributions
AO, BL, OR and JIB contributed to the conception and design and
conduction of the study. JIB recruited and examined the patients, provided
funding and approvals. MH, AO and BL conducted the statistical analysis. AO
drafted the manuscript and all authors critically revised the manuscript and
approved the final version. All authors read and approved the final
manuscript.

Acknowledgements
We thank Siri Flåm and Marte Viken at Oslo University Hospital-Ulleval for
advice and excellent technical assistance. The Center for interactive genetics;
Cigene, Norwegian University of Life Sciences (UMB) Aas is thanked for
performing Sequenom analysis. The study was funded by the Research
Council of Norway and we thank them for providing the financial support.

Author details
1Department of Orthopaedics, Oslo University Hospital-Rikshospitalet, Oslo,
Norway. 2Department of Medical Genetics, University of Oslo and Oslo
University Hospital-Ullevål, Oslo, Norway. 3Norwegian Computing Center
Blindern, Oslo, Norway. 4Department of Orthopaedics, Oslo University
Hospital-Rikshospitalet, Sognsvannsveien 20, 0027, Oslo, Norway.
Received: 10 October 2011 Accepted: 30 April 2012
Published: 21 May 2012
References
1. Deyo RA, Weinstein JN: Low back pain. N Engl J Med 2001, 344(5):363–370.
2. Kjaer P, Leboeuf-Yde C, Korsholm L, Sorensen JS, Bendix T: Magnetic

resonance imaging and low back pain in adults: a diagnostic imaging
study of 40-year-old men and women. Spine 2005, 30(10):1173–1180.
Phila Pa 1976.

3. Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW: Abnormal magnetic-
resonance scans of the lumbar spine in asymptomatic subjects,
A prospective investigation. J Bone Joint Surg Am 1990, 72(3):403–408.

4. Jensen MC, Brant-Zawadzki MN, Obuchowski N, Modic MT, Malkasian D,
Ross JS: Magnetic resonance imaging of the lumbar spine in people
without back pain. N Engl J Med 1994, 331(2):69–73.

5. MacGregor AJ, Andrew T, Sambrook PN, Spector TD: Structural,
psychological, and genetic influences on low back and neck pain: a
study of adult female twins. Arthritis Rheum 2004, 51(2):160–167.

6. Cox JJ, Reimann F, Nicholas AK, Thornton G, Roberts E, Springell K, Karbani G,
Jafri H, Mannan J, Raashid Y, et al: An SCN9A channelopathy causes
congenital inability to experience pain. Nature 2006, 444(7121):894–898.

7. Diatchenko L, Nackley AG, Slade GD, Bhalang K, Belfer I, Max MB, Goldman D,
Maixner W: Catechol-O-methyltransferase gene polymorphisms are
associated with multiple pain-evoking stimuli. Pain 2006, 125(3):216–224.

8. Diatchenko L, Slade GD, Nackley AG, Bhalang K, Sigurdsson A, Belfer I,
Goldman D, Xu K, Shabalina SA, Shagin D, et al: Genetic basis for
individual variations in pain perception and the development of a
chronic pain condition. Hum Mol Genet 2005, 14(1):135–143.

9. Fillingim RB, Kaplan L, Staud R, Ness TJ, Glover TL, Campbell CM, Mogil JS,
Wallace MR: The A118G single nucleotide polymorphism of the mu-
opioid receptor gene (OPRM1) is associated with pressure pain
sensitivity in humans. J Pain 2005, 6(3):159–167.

10. Kim H, Mittal DP, Iadarola MJ, Dionne RA: Genetic predictors for acute
experimental cold and heat pain sensitivity in humans. J Med Genet 2006,
43(8):e40.

11. Kim H, Neubert JK, San Miguel A, Xu K, Krishnaraju RK, Iadarola MJ, Goldman D,
Dionne RA: Genetic influence on variability in human acute experimental
pain sensitivity associated with gender, ethnicity and psychological
temperament. Pain 2004, 109(3):488–496.

12. Guldberg HC, Marsden CA: Catechol-O-methyl transferase:
pharmacological aspects and physiological role. Pharmacol Rev 1975,
27(2):135–206.

13. Labrosse EH, Axelrod J, Kety SS: O-Methylation, the principal route of
metabolism of epinephrine in man. Science 1958, 128(3324):593–594.

14. Mannisto PT, Kaakkola S: Catechol-O-methyltransferase (COMT):
biochemistry, molecular biology, pharmacology, and clinical efficacy of
the new selective COMT inhibitors. Pharmacol Rev 1999, 51(4):593–628.

15. Tenhunen J, Salminen M, Lundstrom K, Kiviluoto T, Savolainen R, Ulmanen I:
Genomic organization of the human catechol O-methyltransferase gene
and its expression from two distinct promoters. Eur J Biochem 1994,
223(3):1049–1059.

16. Khasar SG, McCarter G, Levine JD: Epinephrine produces a beta-adrenergic
receptor-mediated mechanical hyperalgesia and in vitro sensitization of
rat nociceptors. J Neurophysiol 1999, 81(3):1104–1112.

17. Pertovaara A: Noradrenergic pain modulation. Prog Neurobiol 2006,
80(2):53–83.

18. Grossman MH, Emanuel BS, Budarf ML: Chromosomal mapping of the
human catechol-O-methyltransferase gene to 22q11.1——q11.2.
Genomics 1992, 12(4):822–825.

19. Lacroix-Fralish ML, Mogil JS: Progress in genetic studies of pain and
analgesia. Annu Rev Pharmacol Toxicol 2009, 49:97–121.

20. Gatchel RJ, Polatin PB, Mayer TG, Garcy PD: Psychopathology and the
rehabilitation of patients with chronic low back pain disability. Arch Phys
Med Rehabil 1994, 75(6):666–670.

21. Bertocci B, Miggiano V, Da Prada M, Dembic Z, Lahm HW, Malherbe P:
Human catechol-O-methyltransferase: cloning and expression of the
membrane-associated form. Proc Natl Acad Sci U S A 1991,
88(4):1416–1420.

22. Lotta T, Vidgren J, Tilgmann C, Ulmanen I, Melen K, Julkunen I, Taskinen J:
Kinetics of human soluble and membrane-bound catechol O-



Omair et al. BMC Musculoskeletal Disorders 2012, 13:76 Page 9 of 9
http://www.biomedcentral.com/1471-2474/13/76
methyltransferase: a revised mechanism and description of the
thermolabile variant of the enzyme. Biochemistry 1995, 34(13):4202–4210.

23. Lachman HM, Morrow B, Shprintzen R, Veit S, Parsia SS, Faedda G, Goldberg R,
Kucherlapati R, Papolos DF: Association of codon 108/158 catechol-O-
methyltransferase gene polymorphism with the psychiatric manifestations
of velo-cardio-facial syndrome. Am J Med Genet 1996, 67(5):468–472.

24. Zubieta JK, Heitzeg MM, Smith YR, Bueller JA, Xu K, Xu Y, Koeppe RA,
Stohler CS, Goldman D: COMT val158met genotype affects mu-opioid
neurotransmitter responses to a pain stressor. Science 2003,
299(5610):1240–1243.

25. Rakvag TT, Klepstad P, Baar C, Kvam TM, Dale O, Kaasa S, Krokan HE,
Skorpen F: The Val158Met polymorphism of the human catechol-O-
methyltransferase (COMT) gene may influence morphine requirements
in cancer pain patients. Pain 2005, 116(1–2):73–78.

26. Li Y, Yang X, van Breemen RB, Bolton JL: Characterization of two new
variants of human catechol O-methyltransferase in vitro. Cancer Lett
2005, 230(1):81–89.

27. Chen J, Lipska BK, Halim N, Ma QD, Matsumoto M, Melhem S, Kolachana BS,
Hyde TM, Herman MM, Apud J, et al: Functional analysis of genetic
variation in catechol-O-methyltransferase (COMT): effects on mRNA,
protein, and enzyme activity in postmortem human brain. Am J Hum
Genet 2004, 75(5):807–821.

28. Dai F, Belfer I, Schwartz CE, Banco R, Martha JF, Tighioughart H,
Tromanhauser SG, Jenis LG, Kim DH: Association of catechol-O-
methyltransferase genetic variants with outcome in patients undergoing
surgical treatment for lumbar degenerative disc disease. Spine J 2010,
10(11):949–957.

29. George SZ, Wallace MR, Wright TW, Moser MW, Greenfield WH 3rd, Sack BK,
Herbstman DM, Fillingim RB: Evidence for a biopsychosocial influence on
shoulder pain: pain catastrophizing and catechol-O-methyltransferase
(COMT) diplotype predict clinical pain ratings. Pain 2008, 136(1–2):53–61.

30. Brox JI, Nygaard OP, Holm I, Keller A, Ingebrigtsen T, Reikeras O: Four-year
follow-up of surgical versus non-surgical therapy for chronic low back
pain. Ann Rheum Dis 2010, 69(9):1643–1648.

31. Brox JI, Reikeras O, Nygaard O, Sorensen R, Indahl A, Holm I, Keller A,
Ingebrigtsen T, Grundnes O, Lange JE, et al: Lumbar instrumented fusion
compared with cognitive intervention and exercises in patients with
chronic back pain after previous surgery for disc herniation: a
prospective randomized controlled study. Pain 2006, 122(1–2):145–155.

32. Brox JI, Sorensen R, Friis A, Nygaard O, Indahl A, Keller A, Ingebrigtsen T,
Eriksen HR, Holm I, Koller AK, et al: Randomized clinical trial of lumbar
instrumented fusion and cognitive intervention and exercises in patients
with chronic low back pain and disc degeneration. Spine (Phila Pa 1976)
2003, 28(17):1913–1921.

33. Froholdt A, Holm I, Keller A, Gunderson RB, Reikeraas O, Brox JI: No
difference in long-term trunk muscle strength, cross-sectional area, and
density in patients with chronic low back pain 7 to 11 years after
lumbar fusion versus cognitive intervention and exercises. Spine J 2011,
11(issue 8):718–725.

34. Fairbank JC, Couper J, Davies JB, O'Brien JP: The Oswestry low back pain
disability questionnaire. Physiotherapy 1980, 66(8):271–273.

35. Fritzell P, Hagg O, Wessberg P, Nordwall A: 2001 Volvo Award Winner in
Clinical Studies: Lumbar fusion versus nonsurgical treatment for chronic
low back pain: a multicenter randomized controlled trial from the
Swedish Lumbar Spine Study Group. Spine (Phila Pa 1976) 2001,
26(23):2521–2532. discussion 2532–2524.

36. Holm I, Friis A, Storheim K, Brox JI: Measuring self-reported functional
status and pain in patients with chronic low back pain by postal
questionnaires: a reliability study. Spine (Phila Pa 1976) 2003,
28(8):828–833.

37. EuroQol–a new facility for the measurement of health-related quality of
life. The EuroQol Group. Health Policy 1990, 16(3):199–208.

38. Solberg TK, Olsen JA, Ingebrigtsen T, Hofoss D, Nygaard OP: Health-related
quality of life assessment by the EuroQol-5D can provide cost-utility
data in the field of low-back surgery. Eur Spine J 2005, 14(10):1000–1007.

39. Derogatis LR, Lipman RS, Rickels K, Uhlenhuth EH, Covi L: The Hopkins
Symptom Checklist (HSCL): a self-report symptom inventory. Behav Sci
1974, 19(1):1–15.

40. Miller SA, Dykes DD, Polesky HF: A simple salting out procedure for
extracting DNA from human nucleated cells. Nucleic Acids Res 1988,
16(3):1215.
41. Barrett JC, Fry B, Maller J, Daly MJ: Haploview: analysis and visualization of
LD and haplotype maps. Bioinformatics 2005, 21(2):263–265.

42. Schaid DJ, Rowland CM, Tines DE, Jacobson RM, Poland GA: Score tests for
association between traits and haplotypes when linkage phase is
ambiguous. Am J Hum Genet 2002, 70(2):425–434.

43. Lotsch J, Fluhr K, Neddermayer T, Doehring A, Geisslinger G: The
consequence of concomitantly present functional genetic variants for
the identification of functional genotype-phenotype associations in pain.
Clin Pharmacol Ther 2009, 85(1):25–30.

44. Gursoy S, Erdal E, Herken H, Madenci E, Alasehirli B, Erdal N: Significance of
catechol-O-methyltransferase gene polymorphism in fibromyalgia
syndrome. Rheumatol Int 2003, 23(3):104–107.

45. Hagen K, Pettersen E, Stovner LJ, Skorpen F, Zwart JA: No association
between chronic musculoskeletal complaints and Val158Met
polymorphism in the Catechol-O-methyltransferase gene. The HUNT
study. BMC Musculoskelet Disord 2006, 7:40.

46. Hagen K, Pettersen E, Stovner LJ, Skorpen F, Zwart JA: The association
between headache and Val158Met polymorphism in the catechol-O-
methyltransferase gene: the HUNT Study. J Headache Pain 2006, 7(2):70–74.

47. Katz JN: Lumbar disc disorders and low-back pain: socioeconomic factors
and consequences. J Bone Joint Surg Am 2006, 88(Suppl 2):21–24.

48. Videman T, Battie MC, Gibbons LE, Maravilla K, Manninen H, Kaprio J:
Associations between back pain history and lumbar MRI findings.
Spine (Phila Pa 1976) 2003, 28(6):582–588.

49. Hagen EM, Svensen E, Eriksen HR, Ihlebaek CM, Ursin H: Comorbid
subjective health complaints in low back pain. Spine (Phila Pa 1976) 2006,
31(13):1491–1495.

50. Grovle L, Haugen AJ, Ihlebaek CM, Keller A, Natvig B, Brox JI, Grotle M:
Comorbid subjective health complaints in patients with sciatica: a
prospective study including comparison with the general population.
J Psychosom Res 2011, 70(6):548–556.

doi:10.1186/1471-2474-13-76
Cite this article as: Omair et al.: Genetic contribution of catechol-O-
methyltransferase variants in treatment outcome of low back pain: a
prospective genetic association study. BMC Musculoskeletal Disorders 2012
13:76.
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
	Study design
	Patient sample
	Study interventions
	Predictors and outcome variables

	link_Tab1
	Genotyping
	Statistical Analysis

	Results
	Single marker association analysis
	Haplotype association analysis

	Discussion
	link_Tab3
	link_Tab2
	link_Fig1
	link_Fig2
	link_Tab5
	link_Tab4
	Conclusions
	Competing interests
	Acknowledgements
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48
	link_CR49
	link_CR50


<<
  /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 0.0000
  /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


