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Abstract

Purpose: Genetic variants encoding both low COMT and MTHFR activity are associated with idiopathic
scoliosis. The combined impact of COMT and MTHFR on progression of adolescent idiopathic scoliosis (AlS) is
unknown. This study investigated if COMT and MTHFR low activity variants are associated with AIS progression.

Methods: Patients with AlS, at least two Cobb angle measurements in adolescence, and those with both low
COMT (rs4680 AA) and low MTHFR (A1298C AC and C677T CT; A1298C AA and C677T TT) activity (Group
1) or those with intermediate or high COMT (rs4680 AG or GG) and MTHFR (A1298C AA and C677T CT;
A1298C AC and C677T CC; A1298C AA and C677T CC) activity (Group 2) were included. Those with
neuromuscular or syndromic scoliosis were excluded. The primary outcome was progression of scoliosis,
defined as a Cobb angle increase of at least 20 degrees or spinal surgery between the time of diagnosis and
skeletal maturity. The primary outcome was analyzed via a Chi-square test.

Results: Seventy-two patients with AlS diagnosis and required Cobb angle measurements had both COMT and
MTHER results that met criteria for Group 1 (n=41) or Group 2 (n=31). Regarding the primary outcome, 78.0%
(32/41) in Group 1 progressed versus 48.4% (15/31) of patients in Group 2 (p=0.009).

Conclusion: Significantly more patients with both low COMT and low MTHFR activity variants had progression
of AlS than those with intermediate or normal activity variants of COMT and MTHFR. Further understanding the

role of COMT and MTHFR may inform research regarding treatment modalities.

Introduction

Adolescent idiopathic scoliosis (AIS) is the most
common type of idiopathic scoliosis in children. The
etiology of AIS is multifactorial. Genetic variants
involving extracellular matrix proteins, abnormalities
in spine biomechanics, neurotransmitters such as
catecholamines, hormonal factors such as sex
hormones and melatonin, and environmental and
lifestyle factors have been reported to be among the
many contributors involved in AIS initiation or
progression[1]. Females have an increased incidence
and progression risk compared with males[2]. In girls
with AIS, delayed onset of menarche is more

common|[3]. These sex differences and the influence of
menarche timing have prompted hypotheses that
differences in endocrine hormones such as estrogen
may play a role in AIS susceptibility.

There is abundant literature regarding the role of
estrogen in collagen production and maintenance of a
healthy bone density[4]. AIS is associated with low
bone density and part of this may relate to abnormal
estrogen receptor expression, signaling pathways or
metabolism[5-7]. A variant of COL11A1, the gene
encoding one of the proteins of collagen is associated
with AIS; expression of COL11A1 has been reported to
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have associations with levels of estrogen receptors,
further indicating the potential role of estrogen in AIS.
Catechol-O-methyltransferase (COMT), an enzyme
encoded by the COMT gene, influences estrogen
metabolism by inactivating and detoxifying
catecholestrogens formed by conversion of estrone
and estradiol to catechol estrogen 4-hydroxyestrogen.
COMT rs4680 (Vall58Met) AA (Met/Met) genotype is
associated with 3-4 fold reduced COMT function than
the GG (Val/Val) genotype. Morningstar and
colleagues have reported that more patients with
scoliosis harbored the COMT rs4680 AA genotype
than controls. Therefore, both reduced COMT
function and abnormalities in estrogen levels related
to COMT variants could be important etiologies in
AIS. Thus, factors that influence estrogen signaling
and genetic variants such as COL11A1 and COMT
require further study.

Similarly, melatonin deficiency, abnormalities in
melatonin signaling, and alterations of the gene
encoding  methylenetetrahydrofolate  reductase
(MTHEFR), specifically reduced function variants of
the gene, have been implicated in AIS etiology.
MTHER is an enzyme involved in converting folic
acid to reduced folate and is one of several important
enzymes in the production of melatonin[8-11]. A
retrospective study demonstrated the relationship
between MTHFR variants and incidence of idiopathic
scoliosis. In this study, 23 of 44 patients with a history
of idiopathic scoliosis had a positive MTHFR variant
(defined as homozygous A1298C, homozygous
C677T, or heterozygous for both C677T and A1298C)
versus 11 of the 44 patients in the control group (P <
0.01)[12]. In a case report, an infant with severe
scoliosis was noted to have two severely reduced
function variants in the MTHFR gene, resulting in
severe MTHFR deficiency[13]. In this infant, the
degree of spinal curvature reportedly improved after
four months of a medication regimen consisting of
folate, cyanocobalamin, pyridoxine, acetylsalicylic
acid, and betaine, supporting the role of MTHFR and
folate in the etiology of scoliosis[13]. In another
prospective study that measured melatonin levels in
patients with AIS, the authors reported that more
patients with lower melatonin levels had disease
progression compared with those with normal
levels[14]. Although the reasons for low melatonin
were not described in the study, it may be related to
MTHER abnormalities, further strengthening the need
to examine the role of MTHFR variants in AIS.

COMT and MTHFR have not been extensively
studied in AIS and large knowledge gaps remain. The
aim of this study is to determine if variants associated
with low COMT and MTHER activity are associated
with AIS progression.

Methods

This retrospective cohort study was deemed
exempt by Mayo Clinic Institutional Review Board.
Inclusion criteria were diagnosis of AIS, presence of a
Cobb angle measurement at diagnosis and a second
measurement at skeletal maturity, and one of the two
following genetic variant combinations: both low
COMT and MTHER activity as defined below for
Group 1 or intermediate or high activity of both
COMT and MTHEFR as defined below for Group 2.
Two predetermined groups for analysis were as
follows: Group 1 had both low COMT activity (rs4680
AA genotype) and low MTHEFR activity, which was
defined as less than 50% activity[15] by the following
genotype combinations: heterozygous for both C677T
and A1298C; homozygous for the C677T variant and
A1298C wild type. Group 2 had intermediate or high
COMT activity (rs4680 AG or GG genotypes) and not
low MTHFR activity, defined as the following
genotype combinations: A1298C wild type and
heterozygous C677T; A1298C heterozygous and
C677T wild type and; A1298C and C677T wild type.

Individuals with a diagnosis of that would
characterize ~ the  scoliosis as  congenital,
neuromuscular or syndromic were excluded.

Additionally, patients with COMT and MTHFR
variant combinations that did not fit into criteria for
Group 1 nor Group 2 were excluded.

COMT and MTHFR were tested by OneOme,
LLC and AssureRx® within the cohort of 5 patients
from the Mayo Clinic site. DNA derived from saliva
samples were tested by 23andMe® which also
contained the same COMT and MTHFR variants
tested by OneOme. The raw data from 23andMe®
was used by Functional Genomic Analysis™ software
to interpret COMT and MTHFR test results for 67
patients from the Natural Wellness & Pain Relief
Center site.

The primary outcome was significant
progression of scoliosis between initial diagnosis and
skeletal maturity or spinal surgery to correct the
scoliosis curve, whichever came first. Progression was
defined for the purpose of this study as an increase in
the Cobb angle of at least 20 degrees or requiring
spinal surgery between the time of diagnosis and
skeletal maturity. Group 1 and Group 2 outcomes of
progression were analyzed via a Chi-square test using
GraphPad Software®, Boston, MA.

Results

A total of 102 subjects with an AIS diagnosis and
required Cobb angle measurements had both COMT
and MTHFR testing. Forty one (40.2%) of these
patients had both low COMT (rs4860 AA) and

https://www.jgenomics.com



Journal of Genomics 2025, Vol. 13

MTHER activity (Group 1), 30.4% (31/102) had
intermediate or normal activity of both genes (Group
2), and 29.4% (30/102) were excluded from analysis
due to low activity for either genes but not both.
Therefore, a total of 72 patients met inclusion criteria
for this study. A majority of patients were females
with the same proportion of females in Group 1 as
Group 2, 29/41 (70.7%) and 22/31 (70.7%),
respectively. All patients were Caucasian.

With regard to the primary outcome, 78.0%
(32/41) in Group 1 had progression of 20 degrees or
greater versus 48.4% (15/31) of patients in Group 2
(p=0.009). The average age at diagnosis for Group 1
was 11.3 years and 11.8 years for Group 2. The largest
Cobb angle in either group at skeletal maturity or
prior to spinal fusion surgery was 68 degrees.

Discussion

To our knowledge, this is the first study to report
an association between the combination of MTHFR
and COMT variants and curve progression in patients
with AIS. Although two previous studies reported an
association of COMT and MTHFR individually with
AIS incidence, no previous study has examined both
genes in the context of disease progression[1,12].
Etiology of AIS is multifactorial, and further studies
have improved our understanding of this disease as
multifaceted with a polygenetic background[3]. Our
study is significant because at the current time, there
are no genetic prognostication tools available for this
condition and genetic testing may be a potential
avenue for future research to identify individualized
treatment according to genetic phenotypes.

Similar to our study, two other separate studies
reported an association between low activity variants
of COMT and MTHFR and idiopathic scoliosis,
respectively[12]. However, these studies examined
the relationship between these genes and incidence of
the disease but not disease progression. Similar to
multiple other studies showing AIS predominance in
females, our cohort also demonstrated that a majority
of patients in the cohort were female. Our findings
demonstrate that the combination of both low COMT
and MTHFR activity further supports the theory of
the relationship between AIS and factors influencing
estrogen metabolism such as COMT. While a single
genetic variant alone may not be enough to result in
AIS progression, perhaps multiple genetic variants
combined have a greater effect.

Current AIS management strategies are not
sufficient to prevent progression in all patients.
Management of AIS during adolescence prior to
skeletal maturity generally consists of bracing for
patients meeting specific bracing criteria such as
curves 25-45 degrees, scoliosis-specific exercises, and

3
surgical ~management for severe curves[3].
Progression still occurs despite bracing and

scoliosis-specific exercises. With bracing for 18 hours
per day, 72% of adolescent subjects had treatment
success, defined by a single study as lack of curve
progression beyond 50 degrees at skeletal maturity,
which leaves 28% of patients with substantial
progression[16]. When a group of exercises known as
the Schroth method was added to standard of care for
adolescents with AIS, Cobb angles were reduced with
measures of quality of life increased, although the
Cobb angle reduction was not beyond the threshold
for a clinically important difference[17]. Long-term
sequelae of untreated or suboptimally treated AIS are
curve progression, back pain, cardiopulmonary
morbidity, and psychosocial issues[3]. In skeletally
mature patients, curves less than 30 degrees are
generally not expected to progress[3]. However,
curves of 30-50 degrees at skeletal maturity were
reported to progress 10 to 15 degrees during one’s
lifetime[3]. Curves greater than 50 degrees can
progress by 1 degree per year[3]. There is an
opportunity to leverage personalized medicine in
such a heterogeneous disease. By targeting potential
biomarkers associated with AIS etiology such as
COMT and MTHEFR, therapeutic modalities targeted
specifically to these biomarkers could be further
studied with the goal of decreasing the risk of
progression in the adolescent years before skeletal
maturity as this is when progression risk is the
greatest[18].

COMT is involved in other metabolic activities
besides estrogen metabolism which could introduce
an alternative explanation to our findings. COMT has
been shown to play a role in pain perception by
regulating epinephrine and norepinephrine levels.
Low COMT activity is associated with susceptibility
to nociceptive pain due to high adrenergic signaling
whereas high COMT activity is associated with
susceptibility to neuropathic pain[19]. COMT rs4680
AA genotype is associated with an increased risk in
chronic pain syndromes including fibromyalgia[20].
In both healthy volunteers and patients who
underwent shoulder surgery, those with the AA
genotype also reported the most intense pain[21]. The
opposite effect is seen with high COMT activity,
which is associated with lower sensitivity to pain after
hip surgery[21]. Therefore, it is possible that there was
a selection bias in our cohort for patients seeking
chiropractic and medical care in combination with
genetic testing that included COMT and MTHFR
genes due to increased pain perception.

If MTHFR and COMT associations can be
confirmed with larger studies, folate administration,
which bypasses the deficiency of folic acid conversion
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to folate, could be a potential next step for clinical
research to determine if folate supplementation may
reduce AIS progression. Similar to our findings of
MTHFR and COMT risk factors involved in AIS
progression, several other studies suggest that
melatonin deficiency also affects the prognosis of
idiopathic scoliosis (IS), as previously stated. In one
small prospective study, melatonin supplementation
resulted in numerically lower rates of progression in
those with low melatonin levels compared with those
who had low levels and no supplementation[14].
Confirmatory studies are needed to determine if
melatonin supplementation decreases AlS
progression. Investigating a targeted therapy specific
to the AIS etiology and prognosis is an important step
in advancing prevention and management strategies
for AIS.

Understanding factors that influence curve
behavior is critical to prognostication and developing
potential management strategies to prevent curve
progression in both adolescence and adulthood.
Factors identified related to progression include
magnitude of the curve, age at diagnosis, Risser sign,
and menarche status[22-24]. For long term
prognostication, Tan et al. found that an initial Cobb
angle of 25 degrees or higher was an important
predictor for a curve of 30 degrees or more at skeletal
maturity[25].

Other factors implicated in the rapid progression
of AIS are SOX9 and KCNJ2 variants, Lenke type 4
curves associated with gene loci 624 and 10q24,
microRNA 4300 genes, increased calmodulin levels,
decreased melatonin levels, and a positive
ScoliScore[26]. FBN1, FBN2, and variants near SOX9,
and KCNJ2 are associated with severe scoliosis
(greater than 40 degrees). Variants in genes coding for
calmodulin 1 (CALM1 rs12885713), estrogen receptor
1 (ER1 1s2234693) was associated with progressive
AIS with severe spine deformity (Cobb angle > 40
degrees and different curve patterns). Tryptophan
hydroxylase (TPH1 rs10488682), insulin-like growth
factor (IGF1 rs5742612), neurotrophin 3 (NTF3 gene
promoter at rs11063714), interleukin-17 receptor C
(IL17RC 1s708567), melatonin receptor 1B (MTNR1B
rs4753426) were identified as risk factors for scoliosis
curve progression[27]. The aforementioned genetic
variants were unknown in our cohort; therefore, it is
unknown if these genes, if present in our cohort, had
any influence on our findings.

Conclusion

The combination of both low activity of MTHFR
and COMT was found to be a set of genetic risk
factors associated with progression of AIS in
adolescent years between initial diagnosis and

skeletal =~ maturity. =~ Understanding  potential
underlying genetic risk factors for AIS progression
may support future studies examining potential
prevention or treatment strategies to augment
important mainstays of treatment such as bracing or
scoliosis-specific exercises in select individuals. If
further studies can confirm the association, we found
with the combination of MTHFR and COMT low
activity variants, this body of evidence could be used
to support investigation of potential therapeutic
approaches such as folate and melatonin
supplementation or other modalities targeting the
MTHEFR and COMT pathways to reduce the risk of
AIS progression.
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AIS: adolescent idiopathic scoliosis; COMT:
catechol-o-methyltransferase; MTHFR: methylene-
tetrahydrofolate reductase.
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