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Estrogens are involved in accretion of bone mass during
puberty. Catechol-O-Methyltransferase (COMT) is involved in
the degradation of estrogens. In this cross-sectional study we
investigated associations between the COMT val158met poly-
morphism, which results in a 60–75% difference in enzyme
activity between the val (high activity � H) and the met (low
activity � L) variant, and skeletal phenotypes in 246 healthy
pre/early pubertal girls. Girls with COMTLL were 5.4 cm taller
than COMTHH girls. Dual x-ray absorptiometry showed higher
values of bone mineral content (BMC), and larger areas of total
body, femur and spine in COMTLL. Cortical BMC, measured by
peripheral quantitative computerized tomography in the tibia,
was 9.8% higher in COMTLL compared with COMTHH. This
was due to a larger cortical cross sectional area while the cortical
volumetric bone mineral density was not associated with COMT
genotype. COMTLL girls had higher serum levels of free estra-
diol and insulin like growth factor. Regression models indicated
that COMT genotype exerted effects on skeletal growth mainly
via a regulation of free estradiol, resulting in an affected pubertal
development (Tanner staging). We propose that the COMTLL

genotype results in higher free estradiol levels and earlier puber-
tal development, leading to an increased skeletal growth in
pre/early pubertal girls. Possible consequences for the adult

skeleton however can be determined only after cessation of
growth. (Pediatr Res 58: 71–77, 2005)

Abbreviations
aBMD, areal bone mineral density
BMC, bone mineral content
BMD, bone mineral density
BMDvol, volume-corrected bone mineral density
BMI, body mass index
CE, catechol estrogen
COMTH, high-activity catechol-O-methyltransferase allele
COMTL, low-activity catechol-O-methyltransferase allele
CSA, cross-sectional area
DASH, dynamic allele specific hybridization
DXA, dual x-ray absorptiometry
ER, estrogen receptor
FTs, non-SHBG bound free testosterone
IGFBP-3, insulin-like growth factor binding protein 3
IRMA, immunoradiometric assay
pQCT, peripheral quantitative computerized tomography
SHBG, sex hormone binding globulin
vBMD, volumetric bone mineral density

Peak bone mineral density (BMD) is an important determi-
nant of the risk of developing osteoporosis later in life (1,2). It

is generally well accepted that about 70% of the variation in
peak BMD is due to genetic differences (3,4). Several different
hormones, growth factors and nutritional factors are involved
in the regulation of the accretion of bone mass (5,6). During
childhood, thyroid hormones and the GH/IGF-axis are the
principal hormones controlling growth (7–9). The following
pubertal growth period is crucial for bone accretion, with past
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studies showing that BMD increases by 40–50% during this
period (8,10,11).

Estrogens are important regulators of pubertal bone accre-
tion as they initiate the pubertal growth spurt and the final
closure of the epiphyseal growth plates (12–15). Estrogens
stimulate the secretion of growth hormone (GH) (16,17), and
GH in turn stimulates the production of IGF-I both locally in
the bone and in the liver (18–20). The effects of estrogens on
bone accretion are thought to be exerted at least partly via this
mechanism (10). Studies using genetically modified mouse
models (8) as well as a clinical case report of a child with a
disrupted IGF-I gene (21) have shown that IGF-I is of impor-
tance for bone accretion during sexual maturation. Apart from
influencing the GH/IGF-I axis, estrogens may exert GH/IGF-I
independent effects on skeletal growth and mineralization,
supported by the fact that estrogen receptors (ERs) are ex-
pressed in growth plate cartilage and in osteoblasts (22–24).

The synthesis and metabolism of endogenous estrogens are
mediated through complex metabolic pathways, involving sev-
eral different enzymes. Estrogens are to a large extent metab-
olized by different isoenzymes of the cytochrome P450 family
to catechol estrogens (CEs). The COMT gene codes for the
Catechol-O-methyltransferase enzyme, which mediates the
conversion of CEs to more inactive metabolites (25). Interest-
ingly, there is a functional G to A polymorphism in the COMT
gene. This results in a valine to methionine amino acid change
at codon 158, differentiating the COMTH (high activity) and
COMTL (low activity) alleles, which results in a 3–4 fold
decreased methylation activity of the COMT enzyme (26).
Thus, COMTLL homozygote individuals have a distinctly de-
creased COMT activity, resulting in less efficient inactivation
of CE. We have previously shown that middle aged men with
the COMTLL genotype have higher serum levels of estradiol
than men with other genotypes (27).

The genetic factors responsible for the inter-individual dif-
ferences in skeletal growth and mineralization during pubertal
development are not well known. We hypothesized that the
val158met polymorphism of the COMT gene, by regulating the
degradation of estrogens, might influence the levels of estro-
gens and thereby affect growth and mineralization of the
skeleton during puberty. We here demonstrate that the COMT
polymorphism is associated with serum levels of free estradiol,
height, cortical radial bone growth and early pubertal develop-
ment in girls.

MATERIALS AND METHODS

Subjects. The subjects were 247 healthy girls residing in the city of
Jyväskylä, Finland, and its surroundings, who were enrolled in an interven-
tional study (the Calex study), to evaluate the effects of calcium, vitamin D,
dairy products and physical activity on the acquisition of bone mass during
pre/early puberty (28). The girls were 10–12 y of age and in Tanner pubertal
stages 1 or 2 when screened for enrollment. If there was disagreement between
pubic hair and breast in Tanner staging, the final decision was made according
to the development of the breasts. When returning for measurements, on
average 3 mo after screening, 13 of the girls had progressed into Tanner stage
3. The investigational protocol was approved by the ethical committee of the
University of Jyväskylä, the Central Hospital of Central Finland, and the
Finnish National Agency of Medicines. An informed consent was obtained
from all subjects and their parents before the assessments.

Anthropometrical measurements. Height and weight were determined with
the subjects wearing light clothing only and no shoes. Height was determined

using a fixed wall scale. Weight was determined within 0.5 kg for each subject
using an electronic scale, calibrated before each measurement session. Body
mass index (BMI) was calculated as weight (kg)/height2 (m). The length of the
tibial shaft was determined using a measuring tape and based on a measure-
ment between tuberositas tibia and the medial malleolus.

Dual x-ray absorptiometry (DXA). Bone area, bone mineral content
(BMC), and areal bone mineral density (aBMD) of the whole body, femoral
neck, femur trochanter, total femur and lumbar spine (L2-L4), as well as the
lean soft tissue mass and fat mass of the whole body were assessed using the
Lunar Prodigy DXA (GE Lunar Corp., Madison, WI USA). Sitting height was
defined as the distance between the vertex and a line parallel to the lower edge
of the tuber ischiadicum The coefficient of variation (CV%) ranged from 0.60
to 1.18 for BMC, 0.86 to 1.31 for aBMD and less than 1.1 for lean body mass,
and 2.3 for fat mass. Volume-corrected BMD (BMDvol) of the L2-L4 verte-
bral bodies was calculated according to the formula BMDvol � BMC/vol �
aBMD [4/(� � Width)] (29).

Peripheral quantitative computerized tomography (pQCT). A pQCT de-
vice (XCT-2000, Stratec Medizintechnik, GmbH, Pforzheim, Germany) was
used to scan the left tibial shaft and the distal radius. It was calibrated every
day using a standard phantom and once a month using a cone phantom
provided by the manufacturer. A 2 mm thick single tomographic slice was
scanned with a voxel size of 0.59 mm. The left tibial shaft was scanned in the
transverse plane using the manufacturer’s research mode at a site 60% of the
way up the tibia. The lower leg length was measured when the subject was in
a sitting position with a knee angle of 90o. The distal radius was scanned using
the default mode at a site 4% of forearm length proximal to the growth plate
according to standard operational procedures instructed by the manufacturer’s
protocol. The length of the forearm was defined as the distance from the
olecranon to the ulna styloid with the elbow at 90o and the forearm pronated.
The cross sectional area (CSA, mm2), volumetric bone mineral density
(vBMD, mg/cm3), and polar moment of inertia (g*mm) were analyzed using a
validated software (BonAlyse 1.3, BonAlyse OY, Jyväskylä, Finland). On the
basis of the vBMD calibration of the scan system used, 169 mg/cm3 and 280
mg/cm3 were used as thresholds for the outer border of radius and tibia,
respectively, and 100 mg/cm3 for the inner border of the tibia. We also used a
high threshold of 711 mg/cm3 to specifically locate the cortical bone in the
tibial shaft. The CVs were less than 1% for all pQCT measurements.

Laboratory assessments. Serum 17�-estradiol (E2), testosterone (T) and
sex hormone binding globulin (SHBG) were assessed using a time-resolved
fluoroimmunoassay (Delfia, Wallac Oy, Turku, Finland). The intra- and inter-
assay CVs were 5.1% and 5.2% for E2, 9.2% and 9.4% for T and 1.1% and
1.1% for SHBG respectively. NonSHBG bound free testosterone (FTs) was
obtained using the following formula: proportion (%) of FTs (FTs%) �
2.28–1.38*log (SHBG nmol-1/10) and serum FTs (pmol/L) � FTs% * T
(nmol/L) * 10. Free estradiol was calculated as: free estradiol (pmol/L) � E2

(pmol/L) / (K � SHBG (nmol/L) � 1), with an equilibrium constant (K) for
SHBG of 0,68 � 109 L/mol (30). Concentrations of serum growth hormone
(GH), IGF-I and IGF binding protein 3 (IGFBP-3) were measured using
commercial immunoradiometric assays (IRMA) (Nichols Institute Diagnos-
tics, San Juan Capistrano, California, USA). The intra-assay CVs for GH
measurements ranged between 2.8 and 4.2, and inter-assay CVs were between
3.5 and 7.2. In IGF-1 assays, the intra-assay CVs were between 3.3 and 4.6 and
inter-assay CVs ranged between 9.3 and 15.8. In IGFBP-3 assays the intra-
assay CVs were between 3.4 and 8.0 and inter-assay CVs ranged between 5.3
and 6.3.

DNA isolation and genotyping. Genomic DNA was isolated from EDTA-
stabilized blood, using QIAamp Blood kit (Qiagen GmbH, Hilden, Germany).
Amplification by polymerase chain reaction (PCR) was performed on a
Multiblock System (Hybaid, Middlesex, UK) according to the manufacturers
protocol (©Hybaid Limited march 2000 1.0 – Software Version 3.1). The
forward and reverse primers for the COMT polymorphism were 5'-
AGTGGATGCTGGATTTCGCTG-3' and 5'-biotin-AGGCACGCACACCTT-
GTCCTT-3' respectively, and the annealing temperature was 54°. The COMT
G-A polymorphism was genotyped using the dynamic allele specific hybrid-
ization (DASH) method (31). The following probes were used in the DASH
analyses: 5'-TCGCTGGCGTGAAGGAC-3, which is specific for the high
activity COMT allele and 5'-TCGCTGGCATGAAGGAC-3, which is specific
for the low activity COMT allele.

Statistical analysis. All calculations were performed with the SPSS Statis-
tical Software (version 10.0, SPSS, Chicago, IL). Continuous variables were
compared between individuals with the different COMT-genotypes using
analysis of variance (ANOVA). Categorical variables were compared using the
Mantel Haenszel test. Regression analyses using free estradiol or muscle area
as covariates were used to estimate the relative influence of COMT genotype
and these variables on different skeletal parameters and Tanner stage. Bivariate
correlations were calculated using Pearson’s coefficient of correlations. The
distributions of all variables were checked for normality. If the values of a
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variable were not normally distributed they were log transformed. All values
are means � SD. All tests were two tailed and conducted at 5% significance
level.

RESULTS

COMT genotype. Genotyping for the COMT polymorphism
was successful in 246/247 study subjects. 85 subjects (34.6%)
were homozygous for the low activity COMT allele
(COMTLL), 118 subjects (48.0%) were heterozygous
(COMTHL) and 43 (17.5%) subjects were homozygous for the
high activity COMT allele (COMTHH). The genotypes were in
Hardy Weinberg equilibrium.
Height and body composition according to COMT geno-

type. Total height, sitting height and tibial shaft length of indi-
viduals with COMTLL were increased by 5.4 cm (3.8%), 3.0 cm
(4.0%) and 1.4 cm (4.0%) respectively, when compared with
COMTHH individuals (Table 1). Individuals with COMTLL were
also heavier than COMTHH individuals, but the associations be-
tween COMT genotype and weight were similar to the associa-
tions between COMT genotype and height, and did not result in
statistically significant differences in BMI (Table 1). DXA mea-
surements showed that the differences in weight were mainly due
to larger amounts of lean body mass in COMTLL, while only a
tendency of an association with fat mass was seen (p � 0.10)
(Table 1). pQCT measurements of the tibia showed a larger cross
sectional muscle area in COMTLL, indicating that the influence of
the COMT polymorphism on lean body mass was to a large extent
caused by a larger muscle mass. In contrast, cross sectional area of
s.c. fat was not significantly associated with COMT genotype
(Table 1).
DXA measurements of bone according to COMT genotype.

Individuals with COMTLL had a total body BMC which was
12.7% higher than that of COMTHH (Table 2). When BMC of
the lumbar spine, femoral neck, trochanter and total femur
were analyzed separately a similar pattern was seen, though
differences between genotypes did not reach statistical signif-
icance in the trochanter. Areas of total body, lumbar spine,
femoral trochanter and total femur were larger in individuals
with COMTLL compared with individuals with COMTHH (Ta-
ble 2). There were no major associations between COMT
genotype and the different aBMDs except for in the lumbar
spine. However BMDvol at the spine did not differ between
genotypes. This suggests that COMT genotype is mainly as-
sociated with skeletal size and not with volumetric BMD
(Table 2).

pQCT measurements of cortical bone according to COMT
genotype. pQCT measurements were performed to more in
detail distinguish between effects on skeletal size and volumet-
ric BMD. Measurements of cortical bone were performed in
the tibia. Cortical BMC was 9.8% higher in COMTLL com-
pared with COMTHH (Table 3). This was due to a larger
cortical cross sectional area in COMTLL, while the cortical
vBMD did not differ between genotypes (Table 3). The peri-
osteal circumference was wider in COMTLL. The endosteal
circumference was also wider in COMTLL but this difference
was of a smaller magnitude than the difference in periosteal
circumference and the net result was a wider cortical thickness
(Table 3). Polar moment of inertia, which is an indicator of
bone bending resistance was 19% higher in COMTLL com-
pared with COMTHH (Table 3).

pQCT measurements of trabecular bone according to
COMT genotype. No significant differences in trabecular
vBMD of the distal radius were found between COMT geno-
types (225 � 31, 226 � 29 and 222 � 21 mg/cm3 in COMTLL,
COMTHL and COMTHH, respectively).

Hormone levels according to COMT genotype. Total serum
levels of estradiol did not differ significantly when all three
genotypes were compared (Table 4). When COMTLL and
COMTHL were pooled into one single group however, the indi-
viduals with COMTHH had lower levels of estradiol than the other
genotypes (p � 0.031). The levels of free estradiol were associ-
ated with COMT genotype, with COMTLL having higher levels
than COMTHH (Table 4). Serum levels of testosterone were not
associated with COMT genotype. There was a tendency of higher
GH levels in COMTLL compared with COMTHL (110% over
COMTHH) and COMTHL (45% over COMTHL) respectively (Ta-
ble 4). However, this difference did not reach statistical signifi-
cance, probably due to large standard deviations as this hormone
is secreted in a pulsatile fashion. Serum levels of IGF-I were
increased in COMTLL , but serum levels of IGFBP-3 were not
associated with COMT genotype (Table 4). Serum levels of free
estradiol and IGF-I were strongly correlated (r � 0.690, p �
0.001).
Interaction between the effects of COMT genotype and free

estradiol. To further investigate the hypothesis that the in-
creased skeletal growth seen in COMTLL is mediated via
increased levels of estradiol, serum levels of free estradiol,
were included together with COMT genotype as covariates in
a regression model. Before adding free estradiol to the model,

Table 1. Weight and body composition according to COMT genotype

Variable COMTLL (n � 85) COMTHL (n � 118) COMTHH (n � 43) p Value

Age (y) 11.3 � 0.8 11.1 � 0.8 11.1 � 0.6 NS
Height (cm) 147.7 � 8.2 145.3 � 8.0 142.3 � 6.3 0.001
Lower leg length (cm) 35.4 � 2.3 34.6 � 2.5 34.0 � 2.0 0.004
Sitting height (cm) 75.5 � 4.2 74.6 � 4.2 72.6 � 3.3 0.001
Weight (kg) 40.6 � 8.4 38.8 � 8.7 35.9 � 6.7 0.009
BMI (kg/m2) 18.5 � 2.8 18.2 � 3.0 17.6 � 2.2 NS
Total lean mass (kg) 28.1 � 4.4 27.3 � 4.3 25.5 � 3.0 0.004
Total fat mass (kg) 11.2 � 5.6 10.3 � 5.5 9.1 � 4.5 NS
Muscle CSA tibia (mm2) 4498 � 874 4258 � 831 4033 � 674 0.008
CSA subcutaneous fat (mm2) 2400 � 714 2260 � 725 2130 � 666 NS

Data are shown as mean � SD. The p values are for comparison of the three genotypes (one-way ANOVA).
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COMT genotype was associated with BMC of the total body (p �
0.001), femur neck (p � 0.008) and cortical bone of the tibia (p �
0.002). When levels of free estradiol were included in the model,
COMT genotype was no longer significantly associated with these
parameters, suggesting that the COMT effect on BMC is exerted
via elevated levels of free estradiol. COMT genotype was an
important predictor of height (p � 0.001) and length of the tibial
shaft (p � 0.001). When free estradiol was included in the linear
regression model, COMT still retained some of its associations
with height (p � 0.024) and length of the tibial shaft (p � 0.021),
suggesting that the COMT effect on longitudinal growth is exerted
partly via elevated levels of estradiol and partly via mechanisms
independent of estradiol.
Interaction between the effect of COMT genotype and

muscle area on cortical BMC. We next used regression
analyses to determine whether the association between
COMT genotype and cortical BMC of the tibia could be
mediated via a larger muscle mass, resulting in an increased

mechanical load. The associations between cortical BMC of
the tibia and COMT genotype vanished when cross sectional
muscle area was included in the linear regression model (p
COMT � 0.192; p CSA � 0.001).

Tanner stage according to COMT genotype. At the initial
screening for the study all 246 girls were in either Tanner stage
1 or 2. When they returned for baseline measurements on
average 3 mo later, 13 of them had progressed in to Tanner
stage 3. Interestingly, 8 of these 13 girls were COMTLL and 5
of them were COMTHL, indicating that COMTL gives a more
rapid onset of puberty. Girls with COMTLL were more likely to
be in Tanner stage 2 or 3 than girls with COMTHH (Table 5).
This difference is likely to be a consequence of their elevated
levels of free estradiol, supported by the fact that the associa-
tions between COMT genotype and Tanner stage vanished
when free estradiol was included in a linear regression model
(p COMT � 0.183, p free estradiol � 0.0001).

Table 2. DXA measurements of bone according to COMT genotype

Variable COMTLL (n � 85) COMTHL (n � 118) COMTHH (n � 43) p Value

BMC total body (g) 1470 � 275 1403 � 276 1304 � 216 0.004
BMC spine L2–L4 (g) 24.8 � 6.1 23.2 � 5.6 21.2 � 4.3 0.003
BMC femur total (g) 20.5 � 3.9 20.3 � 4.0 18.6 � 3.6 0.032
BMC femur neck (g) 3.3 � 0.6 3.2 � 0.6 2.9 � 0.6 0.019
BMC trochanter (g) 5.5 � 1.5 5.3 � 1.7 4.8 � 1.5 NS
Area total body (cm2) 1533 � 215 1473 � 218 1397 � 171 0.002
Area spine L2–L4 (cm2) 28.8 � 4.1 27.9 � 3.8 26.5 � 2.7 0.005
Area femur total (cm2) 24.3 � 2.9 23.9 � 2.8 22.9 � 2.5 0.032
Area femur neck (cm2) 3.9 � 0.5 3.8 � 0.5 3.7 � 0.6 NS
Area trochanter (cm2) 7.9 � 1.6 7.7 � 1.6 7.2 � 1.4 0.033
aBMD total body (g/cm2) 0.95 � 0.06 0.95 � 0.06 0.93 � 0.06 NS
aBMD spine L2–L4 (g/cm2) 0.85 � 0.11 0.82 � 0.10 0.80 � 0.10 0.013
BMDvol spine L2–L4 (g/cm3) 0.32 � 0.03 0.31 � 0.03 0.31 � 0.04 NS
aBMD femur total (g/cm2) 0.84 � 0.09 0.84 � 0.09 0.81 � 0.09 NS
aBMD femur neck (g/cm2) 0.82 � 0.09 0.82 � 0.09 0.79 � 0.08 NS
aBMD trochanter (g/cm2) 0.68 � 0.09 0.68 � 0.09 0.65 � 0.09 NS

Data are shown as mean � SD. The p values are for comparison of the three genotypes (one-way ANOVA).

Table 3. pQCT measurements of cortical bone parameters according to COMT genotype

Variable COMTLL (n � 85) COMTHL (n � 118) COMTHH (n � 43) p Value

Cortical BMC (mg/mm) 214 � 32 207 � 34 195 � 28 0.008
Cortical vBMD (mg/cm3) 1045 � 29 1042 � 26 1041 � 28 NS
Cortical cross-sectional area (mm2) 204 � 29 199 � 32 187 � 25 0.010
Periosteal circumference (mm) 69 � 5 68 � 5 67 � 4 0.005
Endosteal circumference (mm) 48 � 4 46 � 4 46 � 4 0.022
Cortical thickness (mm) 3.5 � 0.2 3.4 � 0.3 3.4 � 0.2 0.006
Polar moment of inertia (g � mm) 2.1 � 0.6 1.9 � 0.6 1.8 � 0.5 0.007

Data are shown as mean � SD. The p values are for comparison of the three genotypes (one-way ANOVA).

Table 4. Hormone levels according to COMT genotype

Variable COMTLL (n � 85) COMTHL (n � 118) COMTHH (n � 43) p Value

Estradiol (pmol/L) 113.2 � 59.7 113.5 � 66.4 91.1 � 48.4 NS
SHBG (nmol/L) 75.7 � 33.2 83.6 � 32.9 91.1 � 34.3 NS
Free estradiol (pmol/L) 2.5 � 1.4 2.4 � 1.8 1.7 � 1.1 0.010
Testosterone (pmol/l) 455 � 472 489 � 613 337 � 336 NS
Free testosterone (pmol/L) 3.3 � 3.5 3.8 � 4.7 2.8 � 2.8 NS
GH (ng/mL) 2.3 � 4.2 1.6 � 2.7 1.1 � 2.0 NS
IGF-1 (ng/mL) 276 � 109 232 � 100 230 � 100 0.029
IGFBP-3 (�g/mL) 3.0 � 0.6 3.0 � 0.5 3.0 � 0.5 NS

Data are shown as mean � SD. The p values are for comparison of the three genotypes (one-way ANOVA).
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DISCUSSION

In this cohort of prepubertal/early pubertal caucasian girls,
the COMT val158met polymorphism, resulting in altered se-
rum levels of free estradiol, demonstrated a strong association
with height, the difference between genotypes being 5.4 cm. To
our knowledge, this is the largest difference in height between
genotypes ever reported for a single nucleotide polymorphism.
This polymorphism was also associated with cortical bone
dimensions and Tanner stage but not with trabecular volumet-
ric BMD. Our interpretation of these findings is that the less
efficient degradation of estrogens caused by the methionine
allele (COMTL) leads to elevated levels of biologically active
estrogens, which in turn lead to earlier pubertal development
and an increased skeletal size in pre/early pubertal girls.

DXA measurements of our study subjects showed a higher
BMC and larger areas in COMTLL compared with COMTHH,
while aBMD did not differ between genotypes except for a
minor difference in the spine. These findings suggest that the
COMT val158met polymorphism is mainly associated with
size and not mineralization. The DXA technique has limita-
tions such as the influence of size on aBMD, this being
especially problematic when growing children are measured.
Therefore BMDvol of the lumbar spine was calculated, and no
differences between genotypes were seen for this parameter.
The higher spine aBMD, in the present study, might therefore
very well be due to the larger size of the bones in the COMTLL

girls, which is further supported by the pQCT findings that
their volumetric cortical and trabecular BMDs were similar
compared with other COMT genotypes. The pQCT measure-
ments clarified that the associations, observed by the DXA,
were caused by a difference in size of the bones while the
“true” volumetric density was unaffected, and that the cortical
but not the trabecular bone was influenced by the COMT
polymorphism.

The larger cross sectional cortical area was due to a wider
periosteal circumference, suggesting that the effect on cortical
area was caused by an increased radial growth in COMTLL

girls. These associations between COMT genotype and the
outer dimensions of the skeleton might be of importance as
bone size is a major determinant of bone strength (32). One
may speculate that the reduced periosteal expansion seen in
COMTHH individuals is caused by reduced serum levels of
IGF-I. This notion is supported by the fact that the periosteal
circumference completely failed to increase during sexual mat-
uration in IGF-I KO mice (8). Moreover, our findings of a
strong correlation between free estradiol and IGF-I which are
in line with previous works finding a concomitant increase in
estradiol and IGF-I levels during early puberty (33), further

indicate that these effects originate from the COMT-affected
free estradiol levels.

It is well known that the trabecular bone is very sensitive to
endogenous estrogen levels in adult females (34). Therefore,
one might have expected that the volumetric trabecular BMD
should have been affected in the COMTLL genotype, which is
associated with higher serum levels of estradiol. However, the
trabecular vBMD was, in the present cohort including girls at
early sexual maturation, unaffected by COMT genotype, which
might indicate that, at this age, the skeletal growth is more
sensitive than the trabecular vBMD to small alterations in
estradiol levels.

One could speculate that the higher levels of estrogen, which
are the result of a diminished degradation of estrogens in girls
with COMTLL, would be down-regulated by a feed back
mechanism attenuating the differences between genotypes.
However, during premenarche there is an auto-amplification of
the hypothalamic-pituitary-gonadal axis rather than a negative
feed back by estrogen on gonadotropins (35). COMT activity
has been detected in the hypothalamus and the pituitary (36), as
well as in the ovary (37), so it is also possible that local
differences in COMT activity in these organs due to the
val158met polymorphism could play yet unknown roles in the
regulation of estradiol at these different levels.

Early puberty results in early closure of the epiphyseal
growth plates. Thus, due to differences in pubertal onset, it
could be expected that growth would cease earlier in COMTLL

than in COMTHH girls. The latter would then as adults be taller
due to a longer prepubertal growth period. However, the effects
of maturational timing on adult stature are inconclusive with
studies reporting slightly shorter adult stature (38) as well as
others reporting a trend toward taller adult stature (39) in early
maturing girls. Late maturing girls have been reported to have
a lower peak height velocity (40) and girls with a large adult
stature have been reported to start their pubertal growth spurt
at the same age as girls with a small adult stature (41).
Therefore the effect of COMT genotype on adult stature and
skeleton can be determined only after cessation of the growth
period.

Because of the known importance of estrogens for skeletal
growth and BMD, many studies have been conducted to find
genetic polymorphisms influencing the skeleton, in the genes
coding for estrogen receptors (ERs). Results have sometimes
been conflicting (42,43), but a recent extensive meta-analysis
found an association between the ER� polymorphism XbaI and
aBMD in women (44). Furthermore, the ER� polymorphism
PvuII has also been reported to influence height in young males
(45). Another approach is to investigate genes coding for
enzymes involved in the synthesis and degradation of estro-
gens. The polymorphism we have studied is located in the gene
coding for Catechol-O-methyltransferase (COMT). The first
step in the degradation of estrogens is a hydroxylation medi-
ated by various isoenzymes of the cytochrome P450 system.
As a result several different hydroxylated metabolites, some of
which are denoted CEs, appear. They retain some hormonal
activity. CEs are to a large extent further metabolized by
COMT. The resulting methylated metabolites do not bind to
the estrogen receptors (25). The COMT val1158met polymor-

Table 5. Tanner stage according to COMT genotype

Tanner stage
COMTLL

(n � 85)
COMTHL

(n � 118)
COMTHH

(n � 43)
p

Value

1 (n � 126) 29.4% 47.6% 23.0%
0.0032 (n � 107) 37.4% 49.5% 13.1%

3 (n � 13) 61.5% 38.5% 0%

Comparisons by Mantel-Haenszel test.
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phism has previously been shown to influence enzyme activity
in vitro with a 3–4 fold decrease in activity for the enzyme
encoded by the COMTL allele (26). Thus, the low activity
COMT enzyme should theoretically increase the serum levels
of estrogens and CE, which is supported by the present in vivo
finding that COMTLL individuals have increased serum levels
of estradiol. Furthermore, we have previously shown that
middle aged men with COMTLL have higher serum levels of
estradiol than men with other genotypes (27), and it has also
been reported that serum levels of estradiol 3h after a single
dose of estradiol valerate were higher in post menopausal
women with COMTLL than in women with COMTHH (46).
Thus, these three recent in vivo data indicate that COMTLL

individuals have an affected degradation of both endogenously
synthesized estradiol and exogenously delivered estradiol. In-
terestingly, regression analyses indicated that the effect of the
COMT polymorphism on cortical bone dimensions and linear
growth are mediated via a regulation of serum levels of free
estradiol. As the serum levels of free estradiol were elevated in
girls with COMTLL, the finding of a more rapid onset of
estrogen-regulated pubertal development (Tanner stage), in
these subjects, was expected.

Cross sectional muscle area of the lower leg and whole body
lean mass were larger in COMTLL while there only was a
tendency of an association with fat mass. Estrogen has, in some
previous studies, been shown to exert anabolic effects on
muscle mass (47,48), suggesting that the effect on lean mass
and muscle in COMTLL might also be a direct consequence of
the elevated levels of estradiol.

In summary we have, shown that in our cohort of prepuber-
tal/early pubertal caucasian girls the COMT val158met poly-
morphism is strongly associated with height and cortical bone
dimensions. COMT genotype is also associated with serum
levels of free estradiol, Tanner stage and IGF-I. We propose
that a low activity COMT genotype results in higher free
estradiol levels and an earlier pubertal development, which in
turn results in increased skeletal growth in pre/early pubertal
girls.
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