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Objective: This study aimed to identify the sagittal parameters associated with health-relat-
ed quality of life and genetic variations that increase the risk of adult spinal deformity (ASD)
onset in the older population.

Methods: We recruited 120 participants who had a sagittal vertical axis > 50 mm in a sagit-
tal imbalance study. Sagittal radiographic parameters, cross-sectional area, and intramus-
cular fatty infiltration using the Goutallier classification in the paraspinal lumbar muscles
were evaluated. Functional scales included the self-reported Oswestry Disability Index (ODI),
36-item Short Form Health Survey (SF-36), and visual analogue scales (VAS) for back and
leg pain. We performed whole-exome sequencing and an exome-wide association study us-
ing the 100 control subjects and 63 individuals with severe phenotypes of sagittal imbalance.
Results: Pelvic incidence minus lumbar lordosis (PI-LL) mismatch was negatively associat-
ed with the SF-36 and positively correlated with ODI and VAS for back and leg pain. PI-LL
was related to the quality and size of the paraspinal muscles, especially the multifidus mus-
cle. We identified common individual variants that reached exome-wide significance using
single-variant analysis. The most significant single-nucleotide polymorphism was rs78773460,
situated in an exon of the SVIL gene (odds ratio, 9.61; p=1.15x 10?).

Conclusion: Older age, higher body mass index, and a more significant PI-LL mismatch
were associated with unfavorable results on functional scales. We found a genetic variation
in the SVIL gene, which has been associated with the integrity of the cytoskeleton and the
development of skeletal muscles, in severe ASD phenotypes. Our results help to elucidate
the pathogenesis of ASD.

Keywords: Adult spinal deformity, Sagittal imbalance, Health-related quality of life, Ge-
nome-wide association study, SVIL, supervillin
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INTRODUCTION

Adult spinal deformity (ASD) consists of a heterogeneous spec-
trum of abnormalities of the lumbar or thoracolumbar spine in
adult patients.' The causes of ASD range from de novo onset to
progressive degeneration from a pre-existing deformity or ac-
celerated development after previous spinal surgery.* Spinal de-
formity has a substantially debilitating effect on patients’ general
health.’ The prevalence of ASD is likely between 32% and 68%
of the older population.” An understanding of sagittal plane
alignment has become essential for improving the health care
of older adults.

The radiological parameters most closely related to pain and
disability are sagittal vertical axis (SVA), pelvic tilt (PT), and the
balance of pelvic incidence (PI), and lumbar lordosis (LL).* In
particular, PI-LL mismatch (hereafter, PI-LL) has been report-
ed as a critical radiological parameter for reducing postopera-
tive pain and disability. PI-LL is not correlated with preopera-
tive symptoms because preoperative symptoms, including pain
caused by nerve root compression, spinal instability, and spino-
pelvic alignment, are more complex than postoperative symp-
toms. Therefore, PI-LL is significantly correlated with postop-
erative lower back pain, but not with preoperative back pain.’

With aging, the sagittal curvature of the normal spine tends
to become stooped.® Multiple age-related factors are implicated
in this development, including reduced bone mineral density
(BMD), spinal degeneration, reduced mobility and balance,
and fatty degeneration of the paraspinal muscle.**’ Individuals
with ASD are usually characterized by back pain and an inabili-
ty to stand erect. Significantly, low back pain while standing is
more influenced by spinopelvic malalignment. Various radio-
logical parameters have been reported to influence functional
daily life activities.

In recent years, genetic involvement in the development of
spinal deformities has garnered increasing recognition in clini-
cal investigations of adolescent idiopathic scoliosis, and studies
have provided new insights into the etiology and pathogenesis
of spinal deformity.** Genetic factors include a wide spectrum
of variations, such as single-nucleotide polymorphisms (SNPs),
which may contribute significantly to the etiology of spinal dis-
eases; furthermore, environmental factors may additionally com-
plicate the impact of genetic factors. Genetic studies using next-
generation sequencing have remarkable potential as means of
elucidating the genetic background of a disease.

We evaluated the influence of postural changes, osteoporosis,
and the quality and size of the paraspinal muscles on health-re-
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lated quality of life (HRQoL). In addition, we investigated the
influence of genetic variants on ASD by applying whole-exome
sequencing obtained from the participants of an observational
cohort. This study aimed to examine the relationship of radio-
logical parameters associated with HRQoL and to identify ge-
netic variations associated with ASD.

MATERIALS AND METHODS

1. Cohort Design and Participants

This study was approved by the Institutional Review Board
of Chonnam National University Hospital (approval number:
CNUH-2016-127). To perform an analysis of genetic associa-
tions, we recruited 228 Korean participants over 65 years old
who had a SVA of >50 mm on whole-spine standing x-rays in
the Korean Elderly Sagittal Imbalance Cohort Study. A total of
228 adults with a nonneutral sagittal standing posture were re-
cruited from July 2016 to December 2016. The inclusion crite-
ria were as follows: (1) Korean men and women aged > 65 years
and (2) an SVA of >50 mm as measured from a whole-spine
standing lateral radiograph (Fig. 1). Participants who had pre-
viously undergone spinal surgery or had been diagnosed with
present spinal disease, including acute compression fracture,
tumor, trauma, and infectious diseases, were excluded. Out of
228 participants, we assessed radiographic and clinical data in
120 consecutive adults (52.6%) who demonstrated a stooping
standing posture with a higher severity of ASD according to SVA
imbalance. Severe sagittal imbalance was defined as an SVA

228 Enrolled participants
(SVA >50 mm, age > 65 yr)

Y
120 (52.6%) with
SVA imbalance

Evaluations (x-ray, MRI,
blood tests, BMD,
BMI SF-36, ODI, VAS)

\ 4

\4

63 (27.6%)
(SVA =150 mm)

—>| Evaluations (genomic DNA)

Fig. 1. Participants enrolled in the prospective cohort study.
SVA, sagittal vertical axis; MRI, magnetic resonance imaging;
BMD, bone mineral density; BMI, body mass index; SF-36,
36-item Short Form Health Survey; ODI, Oswestry Disability
Index; VAS, visual analogue scale.
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> 150 mm after adjusting for spinopelvic parameters. Whole-
exome sequencing was performed in 63 participants (27.6%)
with severe phenotypes of SVA (=150 mm). Data regarding
age, sex, body mass index (BMI), medical history, smoking sta-
tus, alcohol consumption, nutritional status, education, occupa-
tion, and socioeconomic status were also obtained. This experi-
ment was performed in accordance with the Declaration of Hel-
sinki and with the approval of our institutional review board.
All participants provided written informed consent.

Evaluations of the participants’ whole spine and general health
were performed using sagittal radiographic parameters (SVA,
thoracic kyphosis, PT, PI, LL, and PI-LL), blood laboratory ex-
aminations, BMD, cross-sectional area (CSA), and intramuscu-
lar fatty infiltration in the paraspinal lumbar muscles.”"® The
Goutallier classification system was used to grade intramuscu-
lar fatty infiltration in the paraspinal lumbar muscles such as
the multifidus muscle (MF), erector spinae (ES; including the
longissimus muscle and iliocostalis muscle), and psoas muscle
(PS). According to the Goutallier grade using axial T2-weighted
images (T2WI), grade 0 was defined as no fatty infiltration,
grade 1 as some fatty streaking of the ME grade 2 as less fat
than muscle, grade 3 as equal amounts of fat and muscle, and
grade 4 as more fat than muscle. The CSA of the paraspinal
lumbar muscles was evaluated on T2WI magnetic resonance
images. All measurements were performed with a 3.0-T mag-
netic resonance imaging device (Skyra, Siemens, Germany).
Functional scales were assessed through self-reported Oswestry
Disability Index (ODI), 36-item Short Form Health Survey
physical component summary (SF-36 PCS), and visual ana-
logue scale (VAS) for back and leg pain.

2. Whole-Exome Sequencing

Genomic DNA samples were purified from whole blood sam-
ples in 63 participants with severe sagittal imbalance (SVA 2150
mm). The genomic DNA samples were used for exome capture
with the SureSelect XT Human All Exon +UTR v5 exome kit
(Agilent Technologies, Santa Clara, CA, USA). The Illumina
HighSeq 2000 platform (Ilumina, San Diego, CA, USA) was
used for sequencing with a mean coverage of 150x. We aligned
the sequencing using the Burrows-Wheeler Aligner (bwa) algo-
rithm and generated a binary alignment map file using the ‘bwa-
mem package."" Following genome analysis tool kit best prac-
tices, the genomic variant call format file was generated by Hap-
lotype Caller after recalibration, and the result was annotated
using ANNOVAR (annotate variation)."> As control data, we
used 100 samples from the whole-genome sequencing dataset
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obtained from the general Korean adult cohort of the Korean
Genome and Epidemiology Study (KoGES) (Supplementary
Table 1).2

3. Statistical Analysis

Pearson correlation analysis was used to evaluate the relation-
ships between ODI, VAS for back and leg pain, HRQoL, CSA,
and sagittal radiographic parameters (SVA, PT, P, LL, and PI-
LL). Univariate and multivariate regression analyses were per-
formed to examine the relationships between variables such as
age, sex, BMI, radiographic parameters, CSA, and functional
scales (SF-36 PCS). All statistical analyses were performed us-
ing MedCalc ver. 20 (MedCalc, Mariakerke, Belgium), and p-
values of <0.05 were considered to indicate statistical signifi-
cance. We conducted linear mixed-model analyses in open-source
PLINK/SEQ software (v0.10, released 14-July-2014) to test all
associations. Plink/SEQ supports the -glm function for regres-
sion on every single variant and gene-based tests (low frequen-
cy and rare variants). Sex was used as a covariate in all statistical
tests. The burden and SKAT-O (sequence kernel association
test and the optimal unified test) were performed for low fre-

quency and rare variants.

RESULTS

Sagittal imbalance was present in 120 persons (27 men and
93 women). The mean age was 70.57 £4.61 years (range, 65-80
years). Baseline patient demographics and information are rep-
resented in Table 1.

1. Univariate Regression Analysis of Sagittal Parameters,

Disability, and Pain

Pearson correlation analysis demonstrated that the SF-36 PCS,
OD], and VAS for back pain and leg pain were correlated with
PI-LL. Furthermore, PI-LL was negatively associated with SF-
36 PCS (r=-0.252, p=0.0056). ODI, VAS for back and leg pain,
and outside working hours per week were positively correlated
with PI-LL (r=0.276, p=0.0023; r=0.284, p=0.0017; and r=
0.181, p=0.0478, p=0.0095, respectively) (Table 2).

2. Univariate Regression Analysis of Sagittal Imbalance
and CSA and Intramuscular Fatty Infiltration of the
Paraspinal Muscles
Pearson correlation analysis showed that CSA and intramus-

cular fatty infiltration in paraspinal lumbar muscles correlated

with recovery. In particular, the CSA of the MF was negatively

https://doi.org/10.14245/ns.2142544.272
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Table 1. Sagittal imbalance patients’ demographics (n=120)

Demographic Value
Age (yr) 70.57 +4.61
Sex, male:female 27:93
Body mass index (kg/m?) 24.22+2.89
Smoking 18 (15)
Hypertension 56 (46.67)
Diabetes 23 (19.17)
Lumbar bone mineral density -1.46+0.89
Education
No formal education 27 (22.5)
Elementary school graduation 30 (25.0)
Middle school graduation 26 (21.67)
High school graduation 16 (13.33)
University graduate or higher 21(17.5)
Socioeconomic status
High 5 (4.17)
Middle 63 (52.5)
Low 52 (43.33)
Marital status
Married 91 (75.83)
Divorce 5(4.17)
Bereavement 24 (20.0)

Values are presented as mean + standard deviation or number (%).
Sagittal imbalance = sagittal vertical axis >50 mm.

associated with PI-LL (r=-0.520, p<0.0001), but not correlat-
ed with the CSA of the ES and PS. Spearman rank-order corre-
lation analysis revealed that the Goutallier grade of the paraspi-
nal muscles, such as ES (p=0.187, p=0.0411), MF (r=0.215,
p=0.0186), and PS (r=0.302, p=0.0008), were positively asso-
ciated with PI-LL.

3. Univariate and Multivariate Regression Analysis of
HRQoL
Multivariate analysis revealed that age, BMI, and PI-LL were
negatively associated with HRQoL (p=0.0120, p=0.0007, and
p=0.0308, respectively) (Table 3). Based on our results, older
age, higher BMI, and more significant PI-LL mismatch are sig-
nificant predictors of poor HRQoL.

4. Association and Gene-Based Tests

To identify disease-associated genetic variants, we annotated
23,844 SNPs in the 63 patients with severe ASD phenotypes as
well as the 100 control subjects based on the following filtration

https://doi.org/10.14245/ns.2142544.272

Table 2. Pearson correlation coefficients for sagittal parameters, disability, and pain

Working time

VAS leg
-0.101 (0.9952)

VAS back
-0.124 (0.1761)
0.124 (0.1765)
-0.124 (0.1787)

ODI
-0.074 (0.4219)
0.082 (0.3734)
-0.186 (0.0421)*

SF-36 PCS
0.025 (0.7883)
-0.161 (0.0792)

PI-LL
0.277 (0.0022)*

TK

-0.178 (0.0516)

PI
0.002 (0.9848)

SVA

Variable
SVA
PI

0.078 (0.3963)

1

0.216 (0.0178)*
-0.045 (0.6263)

0.003 (0.9729)
-0.055 (0.5474)

0.490 (<0.0001)*
-0.510 (<0.0001)*

0.009 (0.9206)

0.092 (0.3186)
-0.252 (0.0056)*

TK

0.236 (0.0095)*
-0.169 (0.0657)

0.181 (0.0478)*
-0.610 (< 0.0001)*

0.284 (0.0017)*

0.276 (0.0023)*

PI-LL

20.770 (<0.0001)* -0.604 (<0.0001)*

SF-36 PCS
ODI

0.601 (<0.0001)*  0.101 (0.2729)

0.630 (< 0.0001)*
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Table 3. Univariate and multivariate regression analyses of health-related quality of life
Univariate analysis Multivariate analysis
Variable Model: (R*=0.2299, p<0.0001)
Coef. (95% CI) p-value

B-coefficient p-value
Age -0.2089 (-0.3741 to -0.03077) 0.0221* -0.9149 0.0120*
BMI -0.2178 (-0.3822 to -0.04017) 0.0168* -2.0365 0.0007*
PI-LL -0.2515 (-0.4122 to -0.0769) 0.0056* -0.2052 0.0308*
CSA-MF 0.1385 (-0.04179 to 0.3100) 0.1314 0.009630 0.3161
Goutallier-MF -0.2421 (-0.4039 to -0.06575) 0.0077* -2.0464 0.2695
BMD 0.1687 (-0.01089 to 0.3377) 0.0655 2.8750 0.1133

Coef, regression coefficient; CI, confidence interval; BMI, body mass index; PI-LL, pelvic incidence minus lumbar lordosis; CSA-ME, cross-
sectional areas-multifidus muscle; Goutallier-MF, Goutallier-multifidus muscle; BMD, bone mineral density.

*p<0.05, statistically significant differences.

Table 4. Top 4 hits in the single-variant analysis of the severe sagittal imbalance phenotype

rsID

Chr:position Gene REF ALT AFSVA  AF KoGES p-value  A.Achange SIFT score
rs78773460  chr10:29783908 SVIL A G 0.288 0.04 1.15x10°  Met>Thr 0.124
rs76740888  chr9:33796673 PRSS3 G A 0.269 0.031 1.91x10” Val>Ile 0.234
20092677  chr11:1093610 MUC2 C G 0.127 0 6.08x107 Thr>Arg -
rs140991770  chr17:5036249 USP6 G T 0.097 0 0.000007 Met->Ile 0.001

REE, reference allele; ALT, altered allele; AFE allele frequency; SVA, sagittal vertical axis; KoGES, Korean Genome and Epidemiology Study;

SIFT, Sorting Intolerant From Tolerant.

.
7
(rs200926577
(rs140991770
.
5

-log10 (p)

Fig. 2. Manhattan plot for single-variant analysis. The y-axis shows -log10 (p-value) for common variants (minor allele frequen-
cy>0.01), and the x-axis shows chromosomal positions for each variant. The threshold for statistical significance (p=1x107) is

shown by the pink horizontal line.

612 www.e-neurospine.org

https://doi.org/10.14245/ns.2142544.272



Shin JJ, et al.

Adult Spinal Deformity

criteria: (1) a depth of <30x, (2) a Hardy-Weinberg p-value of
<107, (3) a genotype-quality score of <20, (4) synonymous/
nonfunctional variants, (5) a SIFT (Sorting Intolerant From Tol-
erant) score of 1, and (6) a difference in allele frequency of more
than 100 times that of the Exome Aggregation Consortium.

As the clinical information of the control subjects was limit-
ed, we only used sex as a covariate for the single-variant regres-
sion test. We ranked SNPs based on the -logP; the top 4 genetic
variants are presented in individuals with severe sagittal imbal-
ance (Table 4). These 4 top SNPs were rs78773460, rs76740888,

9 | rs78773460
0
rs76z40888
8
7 F
15200926577
6
15140991770
—~
& 5 r
S
—
=)
=]
—

! /
= 7
9] 7

g 7
& L /
o 4 /
4 7

il #

o ,/

Expected -log10 (p)

Fig. 3. Quantile and quantile plot for the single-variant analy-
sis, showing the observed versus expected ordered -logl0 (p-
value) for the single-variant analysis.
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1rs200926577, and rs140991770. The most significant SNP was
rs78773460, situated in an exon of the SVIL gene (odds ratio,
9.61; p=1.15x10"). Supervillin (SVIL) genetic variations have
been associated with the integrity of the cytoskeleton and the
development of skeletal muscles. Fig. 2 shows a Manhattan plot
obtained from the single-variant association tests: its x-axis
shows the positions of genetic variants across the chromosomes.
In contrast, the y-axis shows the negative log of the p-values
(higher values on the y-axis thus indicate higher significance
levels). Fig. 3 shows the quantile and quantile (Q-Q) plot for
the single variant test (the relevant fit of the observed to expect-

ed significance values after applying the covariates).

DISCUSSION

ASD is defined as a complex spectrum of spinal diseases, in-
cluding adult scoliosis, degenerative scoliosis, sagittal and coro-
nal imbalance, and iatrogenic deformity, with or without spinal
stenosis, that present in adulthood." We conducted a prospec-
tive observational cohort study to investigate the relationship of
radiological parameters associated with HRQoL and to assess
genetic factors in older adults with severe sagittal imbalance in
Korea. Older age, higher BMI, and more significant PI-LL were
significantly correlated with poor HRQoL. PI-LL was related to
the quality and size of the paraspinal muscles, particularly the
MF muscle. We found SNPs associated with the integrity of the
cytoskeleton and the development of skeletal muscles in indi-
viduals with severe sagittal imbalance.

1. Sagittal Parameters

The prevalence of ASD among older people has been report-
ed to be as high as 60%." Although most cases of ASD are as-
ymptomatic, others have pain, neural symptoms, functional
limitation, or disability. Sagittal imbalance has a significant rela-
tionship with HRQoL deterioration and surgical outcomes in
symptomatic adults with degenerative spinal disorders; there-
fore, correction of sagittal imbalance is essential for achieving
good surgical results and HRQoL.*'* Among various sagittal
alignment parameters, LL is the most changeable by positional
adjustments or surgical operations, in contrast to PI, which is a
fixed morphological parameter in each person.'® With the grad-
ual loss of LL that occurs with aging, there is a further compen-
satory increase in PI as the pelvis rotates to maintain global spi-
nal alignment."”'® PI-LL was reported to be consistently associ-
ated with the quality of life of patients receiving operative treat-
ment.'”"” Schwab et al. stated that one of the target spinopelvic
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parameters for corrective surgery was that PI-LL should be
within + 10°.* PI-LL is not correlated with preoperative symp-
toms because preoperative symptoms, including pain caused by
nerve root compression, spinal instability, and spinopelvic align-
ment, are more complex than postoperative symptoms. There-
fore, PI-LL is significantly correlated with postoperative lower
back pain, but not with preoperative back pain.” However, this
study revealed that PI-LL was negatively associated with HRQoL
scores in older participants. ODI and VAS for back and leg pain
were positively correlated with PI-LL. In individuals with sagit-
tal imbalance, PI-LL had an impact on clinical symptoms, such
as lower back and leg pain, back disability, and HRQoL.

2. Body Mass Index

BMI has been proposed as a potential risk factor for ASD.
Obesity has traditionally been considered a protective factor
against osteoporotic fractures.” In contrast, Gonnelli et al.*° sug-
gested that obesity might be a risk factor for fractures at various
anatomical sites. Possible mechanisms include the production
of inflammatory cytokines (interleukin-6 and tumor necrosis
factor-alpha) in excessive abdominal fat and changes in 25-hy-
droxyvitamin D levels (a fat-soluble vitamin), which might lead
to a reduction in bone strength. In the present study, higher
BMI was correlated with poor HRQoL. This finding indicated
that overweight individuals with sagittal imbalance had a poor
HRQoL.

3. Bone Mineral Density

The most established metabolic factors related to ASD are
osteoporosis and poor bone quality.” Vertebral fractures and
lower BMD may confer reduced structural integrity within the
spinal column, thereby decreasing the capacity of the spine to
withstand the load and leading to more significant kyphosis.
Vertebral compression fractures, for which osteoporosis is the
major risk factor, contribute to sagittal plane deformity.” In the
present study, a relationship between BMD and HRQoL was
not found. Eight participants had experienced vertebral com-
pression fractures; the lack of an observed association between
vertebral compression fractures and sagittal imbalance most
likely occurred because the number of vertebral fractures was
too small to analyze. This discrepancy is likely related to the av-
erage characteristics of the older population recruited from the
local community.

4. Quality and CSA of Muscles
The paraspinal and psoas muscles have been considered cru-

614 Wwww.e-neurospine.org

cial for stabilizing the spinal column, and fatty infiltration in
the muscle decreases the proportion of contractile tissue capa-
ble of producing force.* Among the paraspinal muscles, includ-
ing the ME ES (including the longissimus muscle and iliocosta-
lis muscle), and the PM, the lumbar MF muscle is essential for
lumbar segmental stability, and defects in the paraspinal mus-
cles are thought to be a cause of spinal deformity.* Muscular
atrophy due to denervation, disuse, or other causes can mani-
fest as decreased muscular size and increased infiltration by fat
or connective tissue.” Parkkola et al.” reported that the amount
of fat infiltration in the paraspinal muscles was related to mus-
cle atrophy in chronic low back pain. In the current study, the
quality of lumbar muscularity—as shown by the degree of fatty
change of the paraspinal muscles—was positively associated with
PI-LL. An increase in fat infiltration in the lumbar paraspinal
muscles was correlated with severe sagittal imbalance in older
individuals. The CSA of the paraspinal muscle compartment,
especially the MF muscle, was significantly lower in individuals
with ASD, consistent with a previous report.** Lee et al*>* in-
sisted that spinal sagittal imbalance may cause a discrepancy in
muscle degeneration between the extensor and flexor muscles.
In contrast, we thought that reducing the size and fat infiltra-
tion of the paraspinal muscle could lead to sagittal imbalance
and chronic low back pain. Further research is needed to deter-
mine which of these factors causes degenerative spinal defor-

mity.

5. Primary Degenerative Sagittal Imbalance

Takemitsu et al.”” suggested that lumbar degenerative kypho-
sis (LDK) was caused by degenerative changes such as disk nar-
rowing, collapsed vertebral bodies due to osteoporosis, or atro-
phy of the lumbar extensor muscles without prior surgery. Re-
cently, Lee et al.*® suggested the name “primary degenerative
sagittal imbalance” (PDSI), which includes degenerative sagittal
imbalance of the whole spine of unknown origin and is associ-
ated with paraspinal muscle wasting. LDK may be regarded as
a subgroup of PDSI related to agricultural occupations.”® Boux-
sein et al.* demonstrated that biomechanical stress on the spine
increased vertebral wedging as BMD decreased, leading to more
significant kyphosis. Hong et al.” reported that lifestyle factors
common in Asia, such as squatting and sitting on the floor, were
major causes of degenerative spinal kyphosis, back pain, and
poor quality of life. They demonstrated that farmers had more
sagittal imbalance and back pain in proportion to their working
hours.* In the current study, PI-LL was positively correlated
with outside working time (r=0.2357, p=0.0095) (Table 2). Par-
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ticipants who experienced increased outside working hours had
more sagittal imbalance, but HRQoL and back VAS were not
correlated with outside working time (p=0.0657 and p =0.3525,
respectively).

6. Genetic Evaluation

Genetic variants associated with spinal disorders such as ado-
lescent idiopathic scoliosis, ossification of the posterior longitu-
dinal ligament, and intervertebral disc degeneration have been
reported.***"** Until now, the genetic contribution of the devel-
opment of ASD has been unknown, and it has been thought
that ASD is influenced only by biomechanical or socio-envi-
ronmental factors. To our knowledge, this is the first report de-
scribing genetic variations associated with ASD. We acquired
exome-sequencing data to investigate potential genetic factors
associated with severe sagittal imbalance phenotypes. In the
present study, the supervillin protein, which is encoded by the
SVIL gene, was found to be associated with ASD. Supervillin
(SVIL) is a large eukaryotic protein from the villin/gelsolin su-
perfamily of actin-binding proteins involved in many cellular
processes.” SVIL is binds both myosin II and filamentous actin
and interacts with several cytoskeletal proteins; it is most abun-
dant in skeletal muscle, followed by the heart and other organs
containing secretory or smooth muscle cells.***® SVIL protein
regulates all stages of cell motility, is involved in early cytokine-
sis, and plays a role in myofibrillar assembly.*® Knockdown ex-
periments involving SVIL reduced cell division and increase
cell death in HeLa and U20S cell lines.” This indicates that ge-
netic variation in SVIL might be important for predicting the
development of spinal deformity. Diseases associated with SVIL
include myofibrillar myopathy, an autosomal recessive structural
muscle disorder characterized by the onset of muscle pain, cramp-
ing, exercise fatigue, and then a slowly progressive course, lead-
ing to limited mobility in the first or second decades of life. Re-
searchers recently demonstrated the importance of supervillin
for the structural integrity of muscle fibers in humans. They
showed that recessive loss-of-function mutations in SVIL caused
a distinctive myopathy.*®

The current study did not prospectively evaluate genetic in-
formation from normal older adults without spinal deformity
and those with severe ASD. We faced several obstacles, such as
cost, recruitment of healthy volunteers, and research period limi-
tations. We used 100 samples from a whole-genome sequencing
dataset obtained from the general Korean adult cohort of the Ko-
GES (Supplementary Table 1). As a result, one SNP (rs78773460)
situated in an exon of the SVIL gene was detected in adults with
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severe ASD but not in the whole-genome sequencing dataset
from KoGES. Due to the lack of a control group in this study
and no previous whole-exome sequencing studies on the role of
the SVIL gene in ASD, many questions remain about the genet-
ics of ASD. The absence of normal candidate genes does not
exclude a role for genetic variation at these loci in influencing
severe ASD, but their contribution may be small compared with
the genes identified. Nevertheless, this finding improved our
understanding of ASD development and may assist in identify-
ing a subgroup of severe ASD development.

Our results demonstrate the need for more extensive popula-
tion-based longitudinal studies to illustrate the role of SVIL in
the pathogenesis of ASD.

This study is subject to several limitations. First, it analyzed a
small inhomogeneous older population recruited from the lo-
cal community. Therefore, our results cannot be generalized as
indicating factors associated with aggravated sagittal imbalance
in other populations. Second, the genetic signature of ASD is
not as clearly defined as is the case for Mendelian disorders. The
application of a suitable model for the association was therefore
limited. The nature of the disease favors the possibility of com-
mon diseases like heart disease, type II diabetes, and asthma,
implying that genome-wide studies with much larger sample
sizes that consider the effect size may be a more optimal meth-
od of detecting association signals. Third, as data from the con-
trol group were lacking, the case-control comparisons were not
adequately controlled, and information from age/gender-matched
control subjects with relevant covariates of clinical information
was not incorporated into the regression analysis. The fact that
the age group of the control population was largely biased to
younger ages limited the usage of age as an acceptable covariate.
The availability of information for normal controls may help to
expand the interpretations of our results. However, a validation
study applying targeted sequencing to a separate, older popula-
tion of a relevant size that shows the effect of the risk allele on
the susceptibility to the disease could be performed as an alter-
native approach.

CONCLUSION

PI-LL has been found to be useful for predicting individual-
ized quality of life in inhomogeneous populations. Individuals
with older age, higher BMI, and more significant PI-LL had
poorer HRQoL. Reduced paraspinal muscle size and fat infil-
tration could lead to sagittal imbalance and chronic low back
pain. The present study sought to find associations between SNPs
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and severe ASD phenotypes. Variants of the SVIL gene, which
have been associated with the structural integrity of muscle fi-
bers in humans, were among the SNPs identified. Further stud-
ies that recruit proper control subjects and conduct clinical val-
idation are needed for our findings to be clinically applicable.
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Supplementary Table 1. Demographics of control cohort of
the Korean Genome and Epidemiology Study (n=100)

Demograp hic Value
Age (yr) 49.33+7.93
Sex, male:female 40:60
Body mass index 21.41+1.19
Smoking 21(21)
Bone mineral density 0.36+1.30
Education
No formal education 30 (30.0)
Middle school graduation 27 (27.0)
High school graduation 32(32.0)
University graduate or higher 11 (11.0)
Socioeconomic status
High 5(5.0)
Middle 44 (44.0)
Low 47 (47.0)
Unknown 4 (4.0)
Marital status
Married 96 (96.0)
Divorce 2(2.0)
Bereavement 2(2.0)

Values are presented as mean + standard deviation or number (%).
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