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ABSTRACT: Our aim was to investigate the relationship between
Val158Met polymorphisms, headache, and pressure hypersensitivity
in children with chronic tension-type headache (CTTH). A case–
control study with blinded assessor was conducted. Seventy children
with CTTH associated with pericranial tenderness and 70 healthy
children participated. After amplifying Val158Met polymorphism by
polymerase chain reactions, we assessed genotype frequencies and
allele distributions. We classified children according to their
Val158Met polymorphism: Val/Val, Val/Met, Met/Met. Pressure
pain thresholds (PPT) were bilaterally assessed over the temporalis,
upper trapezius, second metacarpal, and tibialis anterior muscles. The
distribution of Val158Met genotypes was not significantly different
(p � 0.335), between children with CTTH and healthy children, and
between boys and girls (p � 0.872). Children with CTTH with the
Met/Met genotype showed a longer headache history compared with
those with Met/Val (p � 0.001) or Val/Val (p � 0.002) genotype.
Children with CTTH with Met/Met genotype showed lower PPT over
upper trapezius and temporalis muscles than children with CTTH with
Met/Val or Val/Val genotype (p � 0.01). The Val158Met catechol-O-
methyltransferase (COMT) polymorphism does not appear to be in-
volved in predisposition to suffer from CTTH in children; nevertheless,
this genetic factor may be involved in the phenotypic expression, as
pressure hypersensitivity was greater in those CTTH children with the
Met/Met genotype. (Pediatr Res 70: 395–399, 2011)

Tension-type headache is the most common form of head
pain in both adult (1) and child (2) population. Al-

though there has been an increasing knowledge in the
pathogenesis of tension-type headache (TTH), the patho-
anatomical mechanisms are not completely understood (3).
As TTH has several negative repercussions for children,
further studies are needed (4,5).

Genetic epidemiological studies have investigated the fa-
milial aggregation of TTH. In fact, in individuals with chronic
TTH (CTTH), first-degree relatives have a 3.1-fold signifi-
cantly increased risk of suffered from CTTH (6,7), suggesting
a possible role of genetic factors in CTTH. The catechol-O-

methyltransferase (COMT) gene is one of the several potential
headache genetic determinants. The COMT is an enzyme
involved in the metabolic degradation of dopamine, norepi-
nephrin, and epinephrine (8). Several studies indicate that the
genetic polymorphism due to a G3A substitution at codon
158 of the COMT gene, which leads to a valine (Val) to
methionine (Met) substitution, results in differences in COMT
activity: a valine (Val) at codon 158 results in a heat-stable,
high-activity COMT variant (Val/Val), whereas a methionine
(Met) at this position (Val/Met, or Met/Met) results in heat-
labile, low-activity variants (9,10). Zubieta et al. (11) demon-
strated that individuals with Val/Val genotype have a 3- to
4-fold higher activity of the COMT enzyme and reduced pain
sensitivity compared with those with the Met/Met genotype,
suggesting that the presence of Met/Met genotype may pre-
dispose for chronic pain.

Although it might be possibly an influence of COMT
polymorphisms for chronic pain, few studies have examined
the association between Val158Met polymorphisms and head-
ache. In addition, results from the studies are controversial, as
one study found that the frequency of Met/Met genotype was
higher in subjects with migraine (12), whereas others reported
no differences in genotype distribution and allele frequency of
COMT polymorphisms between migraine and healthy sub-
jects (13,14). Another study did not find relationship of
Val158Met polymorphism at the COMT in individuals with
medication overuse chronic daily headache, episodic migraine
without aura, and without analgesic abuse and healthy controls
(15). Therefore, more studies are required.

In addition, mechanical hypersensitivity is considered a
clear manifestation of hyperexcitability of peripheral and cen-
tral nociceptive pain pathways in TTH, in both adults (16) and
children (17). Jensen et al. (18) have recently reported that the
COMT Val158Met genotype has a marked influence on the
pain experience following standard heat pain provocations
after an opiate injection, suggesting that COMT polymor-
phisms are involved in pain hypersensitivity.
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To the best of the authors’ knowledge, no previous study
has investigated the possible role of Val158Met polymor-
phism in the genetic susceptibility to headache and its pheno-
typic expression in children with CTTH. The aims of this
study were to: (1) assess the association between the
Val158Met polymorphism in children with CTTH; (2) analyze
the relationship between Val158Met polymorphisms and head-
ache clinical pain parameters (intensity, frequency, or duration);
and (3) investigate whether Val158Met polymorphisms are re-
lated to widespread pressure pain hypersensitivity in children
with CTTH. We hypothesized that Met/Met genotype of the
Val158Met polymorphism is more prevalent in children with
CTTH compared with healthy children and associated with
greater widespread pressure pain hypersensitivity.

METHODS

Participants. Consecutive children diagnosed with TTH by an experienced
neuropediatrist from the Neurology Department of Hospital Quirón were
screened for eligibility criteria. In all children, headache features, temporal
profile of the headache, and family history were assessed. To be included,
children had to describe all the characteristics typical of CTTH (ICHD-II)
(19): bilateral location, pressing or tightening pain, mild/moderate intensity
(�6 on a numerical pain rate scale), and no aggravation of headache during
physical activity. No children reported vomiting or nausea during pain
attacks. Other primary headaches, medication overuse, and secondary head-
aches were excluded. None of the participating children were taken prophy-
lactic drugs at the time of the study. Children with diagnosis of depression
were also excluded. In addition, age- and sex-matched children without
history of head, neck, or shoulder pain symptoms were recruited from
volunteer who responded to a local announcement. Again, history of head-
aches on first- and second-degree relatives was assessed. Ethical approval was
granted by the Local Ethics Committee (institution: Universidad Rey Juan
Carlos). Written informed consent was obtained from both children and
parents, and procedures were conducted according to the Declaration of
Helsinki.

Self-reported measures. Children, with the help of their parents completed
a headache diary for 4 wk to confirm and complement the diagnosis (20). An
11-point numerical pain rate scale (21) (NPRS; 0: no pain, 10: maximum
pain) was used to evaluate headache intensity. The headache diary was used
to calculate the following variables: (1) headache intensity, calculated from
the mean of the NPRS of the days with headache; (2) mean headache
frequency, calculated by dividing the number of days with headache by the
number of the analyzed weeks (d/wk), and (3) headache duration, calculated
by dividing the sum of the total hours of headache by the number of days with
headache (h/d).

Genetic samples. Nonstimulated whole saliva samples were collected into
collection tubes (passive drooling technique) from children according to
standardized procedures. Saliva collections were made with children seated,
leaning forward and with their heads tilted down. All saliva sampling was
performed between 9 and 11 am on days when children were headache-free.
Children were asked not to eat or drink or chew gum for 1 h before the
collection sampling. Immediately after collection, samples were centrifuged
at 3000 rpm for 15 min to obtain the cell sediment and they were stored at
�20°C until main analysis. We prefer to use saliva instead of blood sampling
because salivary collection is a noninvasive, stress-free, and ethic suitable
assessment method for children which has been previously used (22,23).

Laboratory technicians were blinded to the children’s condition. Genomic
DNA was extracted from saliva cell sediments using the “Genomic DNA
extraction and purification Kit” (Real Molecular Biology) following the
manufacturer’s instructions. The single Val158Met (rs4633) nucleotide poly-
morphism was genotyped using a TaqMan® Drug Metabolism Genotyping
Assays on a Real Time PCR ABI Prism 7000 Sequence Detection System
(Applied Biosystem, USA) in the Genomic Unit at the Centro de Apoyo
Tecnológico (Spain). The three possible halotypes were associated with
different fluorescent dyes to proper identification of the different genotype
forms: Val/Val (H/H), Met/Val/ (L/H), or Met/Met (L/L).

Pressure pain thresholds (PPT). PPT is defined as the minimal amount of
pressure where a sensation of pressure changes to pain (24). An electronic
algometer (Somedic AB, Farsta, Sweden) was used to measure PPT (kPa).
The pressure was applied at a rate of 30 kPa/s. All participants were instructed
to press switch when the sensation changed from pressure to pain. The mean

of three trials (intraexaminer reliability) was calculated and used for the main
analysis. A 30-s resting period was allowed between each trial. The reliability
of pressure algometry has been found to be high (intraclass correlation
coefficient: 0.91, 95% CI 0.82–0.97) (25).

Children attended a preliminary session for familiarization with the pres-
sure test procedures and they were explored in days headache-free. PPT levels
were measured bilaterally over the temporalis muscle, upper trapezius muscle,
second metacarpal, and tibialis anterior muscle by an assessor blinded to the
children’s condition. The order of assessment was randomized on each child.

Total tenderness score (TTS). The TTS was used to assess pericranial
tenderness: eight pairs of muscles and tendon insertions (masseter, temporal,
frontal, trapezius, sternocleidomastoid, and suboccipital muscles, coronoid,
and mastoid processes) were palpated (26). Manual palpation was done with
small rotational movements of the assessors’ second and third fingers during
4–5 s. Tenderness was scored on a four-point (0–3) scale at each location.
The TTS is calculated from the sum of scores from both sides (total maximum
score: 48) (26).

Statistical analysis. Data were analyzed with the SPSS statistical package
(17.0 Version). Results are expressed as mean and 95% CI. The Kolmogorov–
Smirnov test showed that quantitative variables showed a normal distribution
of the data (p � 0.05). Comparisons of genotype distribution and allele
frequency between groups were performed on raw frequencies using a �2 test.
A �2 analysis of the Hardy–Weinberg equilibrium for the genotypes was
conducted to determine whether the allele frequencies were stable within
patients and controls. A one-way mixed ANOVA was used to compare
headache clinical pain parameters and TTS according to the Val158Met
polymorphism genotype (Val/Val, Val/Met, and Met/Met) within children
with CTTH. A three-way mixed analysis of covariance (ANCOVA) test was
used to investigate differences in PPT over each point (temporalis muscle,
upper trapezius muscle, second metacarpal, and tibialis anterior muscle) with
side (dominant/nondominant) as within-subject factor, group (CTTH, or
controls) and Val158Met polymorphism genotype (Val/Val, Val/Met, and
Met/Met) as the between-subject factors, and gender as covariate. Post hoc
analyses comparisons were done with the Tukey test. The statistical analysis
was conducted at a 95% CI. A p value less than 0.05 was considered
statistically significant.

RESULTS

Clinical data of the sample. Ninety-six (n � 96) consecu-
tive children presenting with headache between May 2009 and
November 2010 were screened for eligibility criteria. Twenty-
six (27%) were excluded: migraine (n � 12), hemicranial
headache (n � 5), and high levels (BDI-II �9 point) of
depression and anxiety (n � 9). Finally, 70 children, 19 boys
and 51 girls, aged 6–11 y old (mean: 9 � 2 y old) with CTTH
associated with pericranial tenderness (TTS 19.4, 95% CI
17.9–20.8) agreed to participate. In this sample, headache
history was 2.2 y (95% CI 1.9–2.4 y), the mean intensity per
episode was 5.0 (95% CI 4.8–5.3), the mean headache period
per day was 3.6 h (95% CI 3.0–4.1 h), and the number of
d/wk with headache was 4.4 (95% CI 3.9–5.7 d/wk). A
significant positive relation (rs � 0.399, p � 0.001) between
frequency and duration of the headache was found: the higher
the frequency of the headache, the longer the headache dura-
tion. The Beck Depression Inventory (BDI-II) score was 3.6
(95% CI 3.3–3.8).

In addition, 70 age- and sex-matched children without
headache, 19 boys and 51 girls, aged 6–11 y old (mean: 9 �
1.8 y) were also included (p � 0.916). Twenty-two (n � 22,
31.5%) children with CTTH had a first-degree relative with
primary headache, whereas 4 (6%) healthy children had first-
degree and 10 (16%) second-degree relatives with a diagnosis
of primary headache.
Distribution of Val158Met polymorphism in the COMT

gene. The genotype distributions in children with CTTH and
healthy children did not deviate from those expected based on
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the Hardy–Weinberg equilibrium. The distribution of COMT
Val158Met genotypes was not significantly different (�2 �
2.192, p � 0.335), between children with CTTH and children
without headache (Table 1). In addition, the distribution of
COMT Val158Met genotypes was not also significantly different
(�2 � 0.274, p � 0.872) between boys and girls (Table 2).

Clinical pain parameters and Val158Met polymorphism in
children with CTTH. A one-way ANOVA test revealed sig-
nificant differences depending on Val158Met polymorphism
genotype for the length of headache pain history (F � 7.277,
p � 0.001), but not for headache intensity (F � 0.770, p �
0.467), frequency (F � 0.832, p � 0.568), or duration (F �
0.571, p � 0.487): children with CTTH with the Met/Met
genotype showed a longer headache history (mean � SD:
3.8 � 0.4 y) compared with those children with Met/Val
genotype (mean � SD: 2.0 � 1.1 y, p � 0.001) and those with
Val/Val genotype (mean � SD: 2.1 � 1.0 y, p � 0.002).

No significant differences (F � 0.508, p � 0.604) for TTS
between children with CTTH with the L/L (Met/Met) geno-
type (mean � SD: 19.8 � 7.1), children with L/H (Met/Val)
genotype (mean � SD: 18.9 � 5.2) and those with H/H
(Val/Val) genotype (mean � SD: 21.6 � 9.2) were found.
Pressure pain sensitivity and Val158Met polymorphism in

the COMT gene. The three-way ANCOVA revealed signifi-
cant differences between both groups, but not between side, or
Val158Met Polymorphism genotype for PPT levels over the
temporalis (group: F � 522.894, p � 0.001; side: F � 0.475,
p � 0.491; Val158Met polymorphism: F � 2.589, p � 0.089),
upper trapezius (group: F � 423.613, p � 0.001; side: F �
0.680, p � 0.410; Val158Met polymorphism: F � 2.702, p �
0.069), second metacarpal (group: F � 491.741, p � 0.001;
side: F � 0.237, p � 0.627; Val158Met polymorphism: F �
1.234, p � 0.293), and the tibialis anterior muscle (group: F �
542.520, p � 0.001; side: F � 0.076, p � 0.784; Val158Met

polymorphism: F � 1.392, p � 0.393). Children with CTTH
showed bilateral lower PPT levels in all assessed points
compared with controls (p � 0.001).

In addition, a significant interaction between group and
Val158Met polymorphism genotype was found for PPT levels
over the temporalis (F � 5.782; p � 0.003) and upper trapezius
(F � 6.808; p � 0.001) muscles. Children with CTTH with the
L/L (Met/Met) genotype showed lower PPT levels in both points
compared with children with CTTH with L/H (Met/Val) geno-
type and those with the H/H (Val/Val) genotype (p � 0.01). No
significant differences in PPT depending on Val158Met polymor-
phism genotype were found within healthy children. No other
interaction was found (p � 0.402).

Finally, the inclusion of gender as covariate did not influ-
ence PPT in the temporalis (F � 1.569, p � 0.210), upper
trapezius (F � 1.400, p � 0.238), second metacarpal (F �
0.933, p � 0.395), and tibialis anterior (F � 1.155, p �
0.283). Table 3 summarizes PPT according to Val158Met
polymorphism genotype and gender in children with CTTH,
whereas Table 4 shows PPT levels according to Val158Met
polymorphism genotype and gender in healthy children.

DISCUSSION

This study found no differences in the genotype distribution and
allele frequency of the Val158Met polymorphism between children
with CTTH and healthy children. In addition, the presence of the
Met/Met genotype was associated with a longer headache history
and lower PPT levels over the upper trapezius and temporalis
muscles in children with CTTH, but not in controls.

Current findings suggest that Val158Met COMT polymor-
phisms do not appear to be involved in predisposition to suffer
from CTTH in children. In accordance with our results, the
Val158Met polymorphism was not associated with neuro-
pathic pain (27), chronic musculoskeletal pain (28), chronic
widespread pain (29), or migraine (13,14). On the contrary,
other studies have associated the Val158Met polymorphism to
fibromyalgia (30) or temporomandibular pain (31). It is pos-
sible that Val158Met polymorphisms are more related to
specific pain syndromes rather than to chronic pain in general.
For instance, two other different genetic haplotypes of the
COMT gene have been found to be involved in pain percep-
tion in temporomandibular pain (31), which may be relevant
for headaches. In addition, there is evidence demonstrating
that fibromyalgia syndrome and CTTH are usually comorbid
in adults (32,33). We do not know if Val158Met polymor-
phisms can play a role in those headache patients who have

Table 1. Distribution of Val158Met genotypes and alleles of the
catechol-O-methyltransferase gene in children with chronic tension

type headache and children without headache

Children with CTTH
(n � 70)

Healthy children
(n � 70)

Genotypes
H/H (Val/Val) 22 (31%) 23 (33%)
L/H (Met/Val) 43 (61%) 36 (52%)
L/L (Met/Met) 5 (8%) 11 (15%)

Alleles
Val 87 (62%) 82 (59%)
Met 53 (38%) 58 (41%)

Table 2. Distribution of Val158Met genotypes and alleles of the catechol-O-methyltransferase gene in children with chronic tension type
headache and children without headache separated by gender

Genotypes

Male Female

H/H
(Val/Val)

L/H
(Met/Val)

L/L
(Met/Met)

H/H
(Val/Val)

L/H
(Met/Val)

L/L
(Met/Met)

CTTH 7 (18%) 11 (30%) 1 (2%) 15 (14%) 32 (32%) 4 (4%)
Controls 5 (14%) 8 (21%) 6 (15%) 18 (18%) 28 (27%) 5 (5%)

Alleles Val Met Val Met

CTTH 25 (32%) 13 (17%) 62 (30%) 40 (20%)
Controls 18 (24%) 20 (27%) 64 (32%) 38 (18%)
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comorbid fibromyalgia. Therefore, future studies including
different subgroups of individuals with CTTH and different
co-morbid conditions would help to clarify these issues.

The fact that Val158Met polymorphisms were not involved
in CTTH in children does not negate the role of genetics in
this condition. It is known that the interactions of the dopami-
nergic system are highly complex, as the control of dopamine
activity can be determined by several enzymes. For instance, the
study by Park et al. (34) have suggested that serotonergic activity
may be involved CTTH with the 5-HTT-gene-linked polymor-
phic gene (5-HTTLPR) being one of the genetically contributing
factors. Therefore, future studies investigating the role of other
genetic components in children with CTTH are guarantied.

We found that children with CTTH with the Met/Met
genotype exhibited longer length of headache history and
greater pressure pain hypersensitivity in head and neck mus-
cles. These findings were not replicated in healthy children,
which suggest that the Val158Met polymorphism may be
involved in the phenotypic expression of CTTH. Our results
are similar to those previously reported by Park et al. (13) in
individuals with migraine without aura where the presence of
the L allele was associated with a higher headache pain and
more common associated nausea and/or vomiting. Similarly,
García-Fructuoso et al. (35) found that fibromyalgia patients

with the Met/Met genotype showed a more severe form of the
disease when compared with those with the Val/Val genotype.
Determining the mechanisms involved in the relationship
between Val158Met polymorphisms and pressure hypersensi-
tivity in children with CTTH are beyond the scope of this
study. In addition, we should recognize the small number of
children with CTTH presenting with Met/Met genotype in the
current sample. Nevertheless, the percentage of children with
CTTH (8%) and healthy children (15) with the Met/Met
genotype was the same than the percentages found in previous
studies in adult populations (13,27,30). Future studies are
needed to elucidate the role of Val158Met polymorphisms in
pressure hypersensitivity in different headaches.

Finally, some points of this study should be considered with
caution. First, we included children with CTTH. Therefore, it
should be interesting to analyze the role of the Val158Met
polymorphism in other primary headaches (e.g. migraine).
Second, a greater sample size would be needed to confirm
current results, as the number of children with CTTH with
Met/Met genotype (n � 5) was relatively small considering
that our sample size was 70. Third, we only investigated the
single Val158Met (rs4633) nucleotide polymorphism. Future
studies should include greater number of Val158Met polymor-
phisms in addition to other genetic factors (e.g. 5-HTTLPR).

Table 3. Differences in pressure pain thresholds (kPa) over the temporalis, upper trapezius, and tibialis anterior muscles and over the
second metacarpal in children with chronic tension type headache depending on Val158Met polymorphism in the catechol-O-

methyltransferase gene

Temporalis* Upper trapezius* Second metacarpal Tibialis anterior

Children with CTTH with H/H
(Val/Val) genotype (n � 22)

Dominant 177.5 � 30.2 (164.0–195.1) 155.5 � 34.1 (138.8–161.6) 260.2 � 26.5 (243.3–271.3) 311.3 � 28.8 (294.2–329.9)
Nondominant 177.4 � 31.1 (165.4–192.8) 163.9 � 28.1 (152.4–177.6) 260.6 � 27.3 (244.5–273.5) 308.3 � 31.7 (294.2–327.4)

Children with CTTH with L/H
(Met/Val) genotype (n � 43)

Dominant 185.1 � 29.8 (178.5–199.1) 146.7 � 33.1 (138.8–159.6) 252.3 � 26.7 (243.5–264.0) 312.2 � 25.1 (300.2–326.4)
Nondominant 189.8 � 31.9 (182.9–203.1) 148.7 � 27.1 (141.4–162.8) 265.9 � 22.9 (256.6–277.9) 312.3 � 26.2 (299.6–324.0)

Children with CTTH with L/L
(Met/Met) genotype (n � 5)

Dominant 159.0 � 26.3 (141.3–190.1) 127.4 � 24.4 (110.2–145.2) 272.2 � 16.6 (244.1–304.5) 296.0 � 28.1 (275.7–322.9)
Nondominant 156.0 � 32.1 (140.7–189.0) 129.9 � 29.9 (112.5–144.8) 265.8 � 35.4 (238.4–300.9) 292.6 � 22.9 (273.0–317.9)

Values � standard deviation are expressed as mean (95% confidence interval).
* Significant lower PPTs in L/L (Met/Met) when compared with H/H (Val/Val) and L/H (Met/Val) genotypes (three-way ANCOVA test).

Table 4. Differences in pressure pain thresholds (kPa) over the temporalis, upper trapezius, and tibialis anterior muscles and over the
second metacarpal in children without headache depending on Val158Met polymorphism in the catechol-O-methyltransferase gene

Temporalis Upper trapezius Second metacarpal Tibialis anterior

Healthy children with H/H
(Val/Val) genotype
(n � 23)

Dominant 300.1 � 26.1 (284.3–313.4) 255.0 � 20.1 (239.5–268.8) 426.5 � 21.1 (412.6–441.7) 507.1 � 45.1 (482.0–519.0)
Nondominant 299.4 � 16.7 (284.5–312.9) 249.8 � 17.5 (236.8–262.9) 427.1 � 33.4 (413.4–443.6) 525.8 � 32.7 (506.8–541.3)

Healthy children with L/H
(Met/Val) genotype
(n � 36)

Dominant 304.2 � 21.7 (291.2–317.7) 254.2 � 15.8 (241.4–262.9) 425.1 � 26.1 (415.2–436.6) 520.5 � 27.6 (507.3–534.6)
Nondominant 306.0 � 22.3 (293.5–318.4) 255.4 � 14.9 (247.4–266.6) 419.8 � 26.8 (409.3–431.4) 514.2 � 32.3 (502.9–528.3)

Healthy children with L/L
(Met/Met) genotype
(n � 11)

Dominant 322.4 � 26.0 (299.1–338.9) 254.2 � 15.9 (236.3–276.3) 435.5 � 12.4 (413.5–453.1) 507.5 � 22.2 (487.0–537.6)
Nondominant 302.6 � 12.4 (282.9–321.7) 265.2 � 28.2 (244.1–279.6) 421.0 � 11.4 (400.2–441.2) 509.2 � 13.7 (487.2–534.2)
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We found no differences in the genotype distribution and
allele frequency of the Val158Met polymorphism between
children with CTTH and controls. The presence of the Met/
Met genotype was associated with a longer headache history
and greater pressure pain hypersensitivity in the neck and head
muscles in children with CTTH, but not in controls. Our
results suggest that the Val158Met COMT polymorphism
does not appear to be involved in predisposition to suffer from
CTTH in children, although it may be involved in the pheno-
typic expression of CTTH. Future studies are needed to
elucidate these relationships.
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