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A population-based study identifies an association of THBS2 with
intervertebral disc degeneration
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Objective: To clarify the genetic mechanisms underlying intervertebral disc degeneration (IDD), we
examined the associations between single-nucleotide polymorphisms (SNPs) and indicated as coefficient
of interaction term (IDD) in a general population in Japan.
Methods: This was a cross-sectional study. In 1,605 participants, C2-3 to L5/S1 in the total spine magnetic
resonance imaging (MRI) were evaluated using the Pfirrmann's scoring system. Disc scores of 4 and 5
were defined as IDD. Eight SNPs in eight genes associated with IDD were examined at each disc level,
considering the non-genetic risk factors of age, sex, and body mass index (BMI).
Results: The highest odds ratio was found for rs9406328 in the THBS2 gene at disc level T12-L1 (OR 1.27,
95%CI 1.05 to 1.53), and this association was strengthened after adjustment for age using logistic
regression (OR 1.37, 95%CI 1.12 to 1.67). Among participants aged <50 years and 50e59, the average IDD
score in those with 2 risk alleles of rs9406328 was markedly higher than in those with 0 or 1 risk allele,
and the difference is much wider than the elderly participants. It indicates the genetic effect of
rs9406328 is stronger in the younger age groups. Finally, multiple linear regression analyses of the as-
sociation between rs9406328 and IDD, adjusted for age, sex, and BMI at each disc level, showed a sta-
tistical interaction between age and the number of risk alleles at C7-T1, T3-4 and T4-T5 as well as T12-
L1.results
Conclusion: The association between rs9406328 in THBS2 and IDD was replicated. The contributions of
genetic and environmental factors to IDD differed by disc level.conclusion

© 2019 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
Introduction

Intervertebral disc degeneration (IDD) is a common disorder
related to aging. indicated as coefficient of interaction term (IDD)
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contributes to several symptoms including neck and low back
pain1,2. IDD is one of the leading causes of disability in the working-
age population3, and is known to be the first step in a process that
culminates in degenerative spinal changes, including spondylosis,
spondylolisthesis, and spinal stenosis. However, the etiology and
pathogenesis of IDD has not yet been elucidated.

IDD is a polygenic disease, with both genetic and environmental
factors playing a role in its etiology and pathogenesis4. More than
10 single-nucleotide polymorphisms (SNPs) have previously been
reported to have a significant association with IDD and/or its
related phenotypes5, however, this association has not been
confirmed by subsequent independent studies.
td. All rights reserved.
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One of the critical problems in the study of IDD that can lead to
an inability to identify consistent genetic associations is based in its
phenotypic definition. Some studies use the clinical symptoms of
the subjects, such as low back pain and sciatica, to define the IDD
phenotype, while others have used radiographic images of the
spine, including the findings of plain radiographs, computed to-
mography (CT), and magnetic resonance imaging (MRI), as the
defining criteria. Among the radiographic criteria, the MRI signal
intensity of the intervertebral disc is considered to be the most
informative, as it is reflective of the biological changes in the disc.
IDD determined by MRI criteria is highly heritable4. In a study
comparing the similarities between twins, the MRI signal intensity
of IDD revealed significant differences between monozygotic and
dizygotic twins4. Another twin study reported that the genetic ef-
fects on the MRI signal intensity of intervertebral discs is strong6.
There are many methods to evaluate the MRI signal intensity of the
disc. The Pfirrmann's classification7 system has been used for
intervertebral disc evaluation in many studies.

Another critical problem in the genetic study of IDD is the effect
imposed by environmental factors. Environmental factors
contribute to the etiology and pathogenesis of IDD, and mechanical
forces, such as physical loading to each intervertebral disc, are
considered to be the most critical among the environmental fac-
tors8. If the environmental factors are too strong, the genetic factors
could be masked and difficult to detect. In addition, the environ-
mental factors affecting IDD, mechanical force for example, are
different for each disc level4. Heritability estimates of IDD are
higher in the upper lumber disc levels than in the lower lumber disc
levels. Many studies examined only certain disc levels, or simple
summed the examination results of several disc levels. A more
careful consideration of environmental factors is necessary for
thorough evaluation of their effects on IDD.

The aim of this study is to re-examine the association between
IDD and certain genes that have been discussed in previous reports.
We used the subjects of a population-based cohort that had rela-
tively homologous environmental factors. We adopted specific MRI
criteria for the evaluation of IDD, and examined the associations
with whole disc levels by adjusting for non-genetic risk factors.

Materials and methods

Study design

This was a cross-sectional study in which the subjects were
accumulated for multiple years.

Subjects

We evaluated IDD in the Wakayama Spine Study (WSS), which
was a population-based cohort study9. WSS is a sub-cohort of a
nationwide population-based cohort study called Research on
Osteoarthritis/Osteoporosis Against Disability (ROAD)10. ROAD is a
prospective study of bone and joint diseases involving several
communities in Japan. WSS specifically aimed to examine the
epidemiology and etiology of degenerative spinal diseases9,11,12.
From 2008 to 2015, a total of 1,613 participants were registered to
WSS and underwent a whole spine MRI examination. The subjects'
demographic characteristics, including age, sex and body mass in-
dex (BMI), were obtained together with peripheral blood samples
for DNA and biochemical examinations. The World Health Orga-
nization (WHO) guideline for Asian populations was used for the
BMI categorization13. The present study was approved by the ethics
committees of Wakayama Medical University, and the Center for
Integrative Medical Sciences, RIKEN. All participants provided their
written informed consent.
MRI and the assessment of IDD

Thewhole-spineMRI in the supine positionwas taken using two
types of mobile MRI units: the Excelart 1.5 T (Toshiba, Tokyo, Japan)
in 2008 and 2009, and the Achieva 1.5 T (Philips, Amsterdam, The
Netherlands) after 2010. The imaging protocol utilized the sagittal
T2-weighted fast spin-echo (repetition time, 4,000 ms/echo; echo
time, 120 ms; and field of view, 300 � 320 mm). The MRI images of
all intervertebral levels from C2eC3 to L5-S1 were assessed for IDD
by a board-certified orthopedic surgeon (T.D.) who was blinded to
the backgrounds of the participants. The disc degeneration (DD)
score was determined for each intervertebral disc in all participants
based on the grading system of the Pfirrmann classification
(Grade 1e5).7

Assessment of observer variability

One hundred and sixty randomly selected MRI images were
used to evaluate for observer variability. The intra- and inter-
observer variabilities were examined by looking at repeat grading
results from the same observer more than 1 month after the initial
grading, and also at comparison grading from two different board-
certified orthopedic surgeons (T.D. and M.T.), respectively. The
variability was evaluated by the kappa analysis.

Selection and genotyping of SNPs

We selected 8 SNPs from 8 genes in the previous studies14e21

(Table I) that used MRI to evaluate IDD, and identified SNPs with
some biological evidence explaining IDD. We genotyped the SNPs
with the Invader or Taqman assays using the PRISM 7900 sequence
detectors (Applied Biosystems, Massachusetts, USA), in accordance
with the manufacturer's instructions. The HardyeWeinberg equi-
librium (HWE) of genotype frequencies of cases and controls were
checked using the Fisher's exact test.

Statistical analysis

In the present study, the intervertebral discs with scores of 4 and
5 were defined as the “degenerated disc”, and those with scores of
1e3 were the “non-degenerated disc”. We performed calculate
odds ratios (ORs) and 95% confidence intervals (CIs) in the multi-
plicative model and logistic regression analysis with adjustment for
age to assess the association of the 8 SNPs with IDD at each disc
level to replicate the results of previous studies14e21. The P-value
(based on c2 and Wald test for coefficients) threshold for the as-
sociation, after the Bonferroni correction for multiple testing, was
calculated to be 0.00625, as we tested 8 SNPs (P value of 0.05/8
SNPs ¼ 0.00625). ORs and 95% CIs were also calculated to describe
effect sizes. We did not adopt the correction for the disc level due to
correlation within individuals. Power (1 e b) calculations were
performed using the software program R (R Core Team. R, Vienna,
Austria), which is the foundation of statistical computing. For the
calculation, we assumed ORs to be the same as those of previous
reports, and set a significance level (a) to 0.05. The statistical power
was set at 0.8. The IDD was also analyzed as continuous variable,
calculating mean and standard deviation. 95% CIs for the difference
in the IDD score were based on t-distribution. We utilized multiple
linear regression analysis to assess the primary effects of the
number of the risk alleles and age on IDD, where the number of risk
alleles, age stratum, and BMI were analyzed as continuous vari-
ables, and sex was analyzed as a categorical variable. The normality
of the distribution was visually confirmed by the sample distribu-
tion and QeQ plots. To test the interactions between the grading by
the Pfirrmann classification, and the effects of the risk alleles on



Table I
List of the candidate genes

Gene Associated SNP Odds ratio* 95%CIy 1-b Reference

CILP rs2073711 1.61 1.31e1.98 0.981 Seki et al., 2005
COL11A1 rs1676486 1.42 1.23e1.65 0.920 Mio et al., 2007
THBS2 rs9406328 1.38 1.21e1.58 0.893 Hirose et al., 2008
MMP9 rs17576 1.29 1.12e1.48 0.697 Hirose et al., 2008
SKT rs16924573 1.31 1.11e1.55 0.670 Karasugi et al., 2009
GDF5 rs143383 1.72 1.15e2.57 0.997 Williams et al., 2011
CHST3 rs4148941 1.48 1.27e1.71 0.972 Song et al., 2013
MMP3 rs731236 2.59 1.24e5.41 0.999 Zawila et al., 2014

SKT, sickle tail protein; CILP, cartilage intermediate layer protein.
* Odds ratios are reported in the references and show the results of c2 tests comparing allele frequency, except for rs4148941 (genotype comparison).
y CI: confidence interval.
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IDD, we applied a multiple regression analysis, using the number of
risk alleles of rs9406328 and the age stratum as continuous vari-
ables. We also added an interaction term for the effect between the
SNP and age stratum. The JMP, version 11 (SAS Institute Japan,
Tokyo, Japan) was used for the statistical analysis. For HWE, we set
the P-value of Fisher's exact test to 0.05, to indicate statistical sig-
nificance. Since there are 5 age groups in an age-stratified recessive
model analysis using Student's t-test, Bonferroni's correction was
adopted, and P-value < 0.01 (¼ 0.05/5) was considered as
significant.

Results

IDD in WSS

Whole spine MRI images and clinical data were obtained in
1,605 participants (533 men and 1,072 women). Their ages ranged
from 26 to 98 years old (mean: 67.0 ± 12.4 years old) and the mean
BMI was 23.0 ± 3.7 kg/m2 (Table II). Difference between male and
female in age was 1.20 (95%CI: �0.10 to 2.49), and in BMI was 0.81
(95%CI: 0.43 to 1.19). Also, difference in minor allele frequency was
at most 3.2% (95%CI:�1.3e7.9%), which was observed for rs926849.
These differences are not clinically considerable for this study even
with statistical significance of BMI.

IDD was evaluated at each disc level in the 1,605 participants
and presented as a DD grade. The intra- and inter-observer vari-
abilities of the grading were 0.81 and 0.92, respectively. The prev-
alence of IDD (scores of 4 and 5) varied markedly by disc level
(Fig. 1). The highest prevalence of IDD among the cervical, thoracic
Table II
Characteristics of the participants

Overallz Male Female

No. of participants 1605 533 1072
Age [year]
Mean ± SD* 67.0 ± 12.4 67.8 ± 12.7 66.5 ± 12.0
Stratum (%)
<50 167 (10) 52 (10) 116 (11)
50-59 278 (17) 89 (17) 191 (18)
60-69 438 (27) 136 (25) 302 (28)
70-79 439 (27) 150 (28) 292 (27)
S80 283 (18) 110 (21) 175 (16)

BMI [kg/m2]
Mean ± SD* 23.0 ± 3.7 23.5 ± 3.8 22.7 ± 3.6
Categoryy (%)
Underweight 119 (7) 28 (5) 91 (8)
Normal 757 (47) 225 (42) 532 (50)
Overweight 565 (35) 223 (42) 342 (32)
Obesity 164 (10) 57 (10) 107 (10)

* SD: Standard deviation.
y Based on World Health Organization (WHO) guidelines for Asian populations.
z There is no difference between male and female in age was 1.20 (95%CI: �0.10

to 2.49), and in BMI was 0.81 (95%CI: 0.43 to 1.19).
and lumbar regions, occurred in the lumbar region, particularly in
the lower lumbar region (>50% in L3-4, L4-5 and L5-S1). In each of
these three regions, the prevalence of IDD was highest at the apex
of the curvature (i.e., C5-6 in the cervical region, T6-7 in the
thoracic region, and L4-5 in the lumbar region) and lowest in the
junction regions (C7-T1, T1-2, and T12-L1, respectively). The prev-
alence increases with age at all disc levels. In the representative disc
levels at C5-6, T1-2, T6-7, T12-L1, and L4-5, the prevalence of IDD
increased in parallel with increases in age, except at L4-5 (Fig. 2).
The increase in prevalence of IDD with age at L4-5, was larger than
at other disc levels. More than 80% of the participants in the age
ranges of the 60s and 70s have IDD at L4-5. Notably, the prevalence
of IDD at L4-5 decreased after 80 years of age. The average total
count of IDD at all disc level (maximum¼ 23) was 8.83 in total, 8.65
in male, and 8.91 in female. The difference between the sexes was
0.26 (95%CI: �0.39 to 0.91). Above all, the influence of sex seems to
be limited in this SNPs study.
Validation study for previously reported eight SNPs

The genotyping success rates of the 8 SNPs were �99.9%. The
HWE of genotype frequencies in cases and controls were�0.05. We
divided the case (scores of 4 and 5) and control (score 1e3) groups
at each disc level and assessed the association with the SNPs using
calculating odds ratio and 95% confidence interval for allelic fre-
quency (multiplicative model). Although four SNPs, rs2073711,
rs9406328, rs16924573 and rs143383 showed statistically non-
zero associations with IDD of at least one of disc levels with 95%
lower confidence limit of OR above 1.0, most examined associations
Fig. 1. Prevalence of intervertebral disc degeneration (IDD) at each disc level, The
prevalence of adjacent disc levels is similar but each level shows a distinct prevalence
distribution. There are peaks in the central parts of the cervical and thoracic and
lumbar spine disc sections, respectively. In contrast, the prevalence at the cervico-
thoracic and thoraco-lumbar junctions is low. The effects of genetic factors on DD
are constant in individuals. The difference in the prevalence by the disc level is
observed, so it suggests that the effect of environmental factors is different by the level.



Fig. 2. Prevalence of degeneration at 5 representative disc levels related to age,
Prevalence increases with age at each level. Comparing the prevalence of each level,
the difference in the prevalences at 5 representative disc levels related to age, is
presented. The prevalence of L4-5 is higher than that of other intervertebral discs but
the prevalence decreases when it exceeds 80 years old. Longevity participants have
less DD. This suggests that there is some relationship between long-lived and DD.
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were not replicable with low ORs and CIs spanning 1.0 (non-zero
border, Table III).

The highest OR and the lowest P-value was found for rs9406328
at T12-L1 (OR 1.27, 95%CI 1.05 to 1.53), and we observed that this
association were strengthened (OR 1.37, 95%CI 1.12 to 1.67, the
highest OR again) after adjustment for age, one of the most
important environmental factors for IDD, using logistic regression
model. While ORs for the other SNPs were all lowwith CIs spanning
OR ¼ 1.0 with the age adjustment, the 95% lower confidence limit
for rs9406328 at T12-L1 only exceeded 10% relative odds increase.
Given ORs of the previous reports, the associations of SNPs in
COL11A1, CHST3, and matrix metalloproteinase (MMP)3, were
considered to be negative (Table I) with sufficient statistical
powers. The associations of SNPs in sickle tail protein (SKT) and
MMP9 were inconclusive because of the low statistical power, and
also cartilage intermediate layer protein (CILP) and GDF5 could not
Table III
Association of the 8 candidate genes with degeneration of the intervertebral discs at eac

Level CILP COL11A1 THBS2 MMP9

rs2073711 rs1676486 rs9406328 rs17576

OR* (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

C2-3 0.88 (0.72e1.06) 0.86 (0.73e1.02) 0.91 (0.78e1.06) 0.91 (0.77e1.07)
C3-4 0.99 (0.82e1.19) 1.02 (0.87e1.20) 1.01 (0.87e1.18) 0.84 (0.71e0.98)
C4-5 1.01 (0.85e1.20) 0.94 (0.81e1.09) 0.98 (0.85e1.13) 0.91 (0.78e1.06)
C5-6 1.04 (0.88e1.23) 0.91 (0.79e1.06) 0.98 (0.85e1.13) 1.01 (0.87e1.17)
C6-7 1.07 (0.90e1.27) 0.92 (0.79e1.07) 0.95 (0.82e1.10) 0.97 (0.83e1.13)
C7-T1 1.10 (0.88e1.36) 1.07 (0.89e1.30) 0.90 (0.75e1.09) 0.98 (0.81e1.19)
T1-2 1.03 (0.82e1.29) 0.88 (0.72e1.08) 0.87 (0.71e1.05) 0.86 (0.71e1.05)
T2-3 0.97 (0.80e1.18) 0.94 (0.79e1.11) 0.92 (0.78e1.08) 0.94 (0.79e1.11)
T3-4 1.09 (0.91e1.30) 1.01 (0.86e1.18) 0.90 (0.77e1.04) 1.03 (0.88e1.21)
T4-5 1.11 (0.93e1.32) 1.03 (0.89e1.20) 0.87 (0.75e1.01) 1.00 (0.86e1.17)
T5-6 1.15 (0.97e1.37) 1.02 (0.88e1.18) 0.93 (0.81e1.08) 0.95 (0.82e1.11)
T6-7 1.18 (1.00e1.40) 1.09 (0.94e1.26) 0.94 (0.81e1.08) 0.91 (0.78e1.05)
T7-8 1.14 (0.97e1.35) 1.06 (0.91e1.22) 0.98 (0.85e1.13) 1.00 (0.86e1.16)
T8-9 0.96 (0.81e1.13) 1.07 (0.92e1.24) 0.99 (0.85e1.14) 0.92 (0.79e1.07)
T9-10 1.10 (0.93e1.31) 0.93 (0.80e1.08) 0.93 (0.81e1.08) 0.87 (0.75e1.01)
T10-11 1.03 (0.86e1.24) 1.05 (0.90e1.24) 0.90 (0.77e1.05) 0.85 (0.73e1.00)
T11-12 0.94 (0.77e1.14) 1.01 (0.86e1.20) 0.99 (0.84e1.17) 0.95 (0.80e1.13)
T12-L1 1.07 (0.86e1.32) 1.00 (0.83e1.21) 1.27 (1.05e1.53) 0.93 (0.77e1.13)
L1-2 1.11 (0.92e1.32) 0.96 (0.82e1.12) 1.14 (0.98e1.33) 0.98 (0.83e1.15)
L2-3 0.87 (0.74e1.03) 0.90 (0.78e1.05) 0.96 (0.83e1.10) 1.00 (0.86e1.16)
L3-4 0.99 (0.83e1.18) 1.01 (0.87e1.18) 1.05 (0.91e1.22) 1.08 (0.93e1.27)
L4-5 1.02 (0.83e1.24) 0.98 (0.82e1.17) 1.00 (0.84e1.18) 1.04 (0.87e1.24)
L5-S 0.96 (0.79e1.16) 0.96 (0.82e1.14) 0.97 (0.82e1.13) 0.91 (0.77e1.08)

SKT, sickle tail protein; CILP, cartilage intermediate layer protein.
* OR: Odds ratio, 95%CI: 95% confidence interval.
be considered replicable due to insufficient results. Above all,
we targeted THBS2 corresponding to rs9406328 for further
investigation.

In this study, we demonstrated ORs to compare our replication
results with previous reports, and ORs in this study can be inter-
preted as risk ratios (RRs) with low discrepancy (difference be-
tween ORs and RRs were ranged only from �0.10 to 0.09) (Table II).

The effects of rs9406328 and age on IDD

We further assessed the association of rs9406328 with IDD at
T12-L1 by linear regression analyses, considering the effect of age.
We used the Pfirrmann's score as a dependent variable and
examined the correlation of IDDwith age, based on the age stratum
and the number of risk alleles of rs9406328. First, the average IDD
score was 3.11 ± 0.66 in the participants with 2 risk alleles and
2.94 ± 0.65 those with 0 or 1, and the difference was estimated
averagely 0.17 with 95%CI 0.10 to 0.24. Next, in the younger age
ranges (age <50 and 50e59) of the age-stratified analysis, the dif-
ference in the average IDD score between the participants with 2
risk alleles of rs9406328 and those with 0 or 1 risk allele was much
wider than in the elderly ages (Fig. 3). The scores for those with 2
risk alleles and 0 or 1 were 2.85 ± 0.50 and 2.39 ± 0.49 at age <50
(score difference 0.46, 95%CI 0.32 to 0.61, wider than the average
difference of 0.17), and 2.95 ± 0.59 and 2.71 ± 0.53 at age 50e59
(score difference 0.24, 95%CI 0.11 to 0.36). Interestingly, the differ-
ence of the IDD by the risk alleles gradually became smaller with
increasing age in a linear manner. In all genotype groups, IDD
progressed with age, however, it was indicated that progression of
those with 0 or 1 risk allele was a little faster even with lower
prevalence in younger ages.

The increase of 0.1 in average IDD score at T12-L1 is corre-
sponding to around 6% increase in prevalence of IDD with score 4
and 5 in this population. Simply, this is approximated by 10% of
proportion of those with score 3, which is 62.3% (1000/1605) at
T12-L1 level. These results suggest the necessity for the analysis
considering the statistical interaction of age on IDD progression.
h level

SKT GDF5 CHST3 MMP3

rs16924573 rs143383 rs4148941 rs731236

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

0.94 (0.78e1.12) 1.07 (0.89e1.28) 0.97 (0.83e1.13) 1.01 (0.80e1.29)
0.99 (0.83e1.18) 1.06 (0.89e1.26) 0.96 (0.82e1.12) 1.19 (0.95e1.50)
1.10 (0.93e1.30) 1.09 (0.93e1.29) 0.90 (0.78e1.04) 1.14 (0.91e1.41)
1.03 (0.87e1.21) 0.99 (0.84e1.16) 1.01 (0.88e1.16) 1.15 (0.93e1.42)
1.04 (0.88e1.23) 1.18 (1.000e1.39) 0.91 (0.79e1.05) 1.05 (0.84e1.30)
1.19 (0.96e1.47) 1.06 (0.86e1.30) 0.88 (0.73e1.05) 1.04 (0.79e1.37)
1.26 (0.999e1.58) 1.04 (0.83e1.29) 0.98 (0.81e1.19) 1.24 (0.94e1.64)
1.09 (0.90e1.31) 0.97 (0.81e1.17) 1.00 (0.85e1.17) 0.91 (0.71e1.17)
1.20 (1.003e1.42) 1.03 (0.87e1.22) 1.10 (0.95e1.28) 0.92 (0.73e1.17)
1.07 (0.90e1.26) 1.02 (0.86e1.21) 1.07 (0.92e1.23) 0.99 (0.79e1.24)
1.10 (0.94e1.30) 1.07 (0.91e1.26) 1.07 (0.93e1.23) 0.94 (0.75e1.17)
1.13 (0.96e1.33) 1.01 (0.86e1.19) 1.03 (0.90e1.19) 1.03 (0.83e1.27)
1.15 (0.98e1.36) 1.07 (0.91e1.26) 1.00 (0.87e1.15) 1.07 (0.87e1.33)
1.12 (0.95e1.33) 0.96 (0.81e1.13) 1.08 (0.93e1.24) 1.06 (0.85e1.31)
1.15 (0.97e1.36) 0.98 (0.83e1.16) 1.08 (0.93e1.25) 1.06 (0.85e1.32)
1.07 (0.89e1.28) 1.06 (0.89e1.27) 0.94 (0.81e1.10) 1.01 (0.80e1.28)
1.11 (0.92e1.34) 1.05 (0.88e1.27) 0.95 (0.81e1.12) 1.04 (0.81e1.33)
0.96 (0.78e1.19) 1.21 (0.98e1.48) 1.03 (0.86e1.24) 1.06 (0.80e1.39)
1.04 (0.88e1.25) 0.92 (0.77e1.10) 0.98 (0.84e1.14) 1.05 (0.83e1.32)
0.96 (0.82e1.13) 1.03 (0.87e1.21) 0.90 (0.78e1.04) 1.15 (0.92e1.42)
0.99 (0.84e1.17) 1.03 (0.87e1.22) 0.95 (0.82e1.10) 1.10 (0.88e1.38)
0.87 (0.71e1.06) 1.11 (0.91e1.35) 0.95 (0.80e1.12) 0.94 (0.72e1.21)
1.01 (0.84e1.21) 0.98 (0.82e1.18) 1.03 (0.88e1.21) 0.89 (0.71e1.13)



Fig. 3. IDD scores of T12-L1 by age in rs9406328 genotypes, The indicated as coeffi-
cient of interaction term (IDD) score is the average of the Pfirrmann classification
scores by age stratum. IDD scores increase with age. In subjects under age 60, IDD
scores increase as the number of the risk alleles increase. However, the differences in
IDD scores between the different genotypes decreases with age. The subjects with
0 and 1 risk alleles show the same trend, but the subjects with 2 risk alleles have
higher IDD scores in the younger age ranges. It is suggested that the effect of IDD by
rs9406328 in younger age acts in a recessive genetic trait.
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Interaction between rs9406328 and age

We then performed the multiple linear regression analyses on
the association of rs9406328 with IDD at T12-L1 including inter-
action term of rs9406328 and age with adjustment for age, sex
and BMI . We observed a significant difference in the progression
rate of IDD by age between those with 2 risk alleles compared to
the other, corresponding to the difference in the slopes (average
rate of change) of the lines in Fig. 3. The difference in the pro-
gression rate per 1-age category between those with 2 risk alleles
vs 0 and 1 was �0.10 (95%CI -0.17 to �0.04) for 2 vs 0; and �0.06
(95%CI -0.11 to �0.01) for 2 vs 1, while the difference was smaller
between those with 1 and no risk allele (difference in the pro-
gression rate �0.04, 95%CI -0.11 to 0.02), suggesting that the SNP
may work as a recessive model in IDD. The result suggests the
statistical interaction between rs9406328 and age on IDD, and the
interaction indicated that rs9406328 could influence on IDD more
for younger age population. In addition, BMI and age were also
strongly associated with IDD (progression rate per 10-BMI change
0.16, 95%CI 0.08 to 0.24; progression rate per 1-age category 0.14,
95%CI 0.11 to 0.19)

Association of rs9406328 at other disc levels identified by multiple
linear regression analyses

Associations between rs9406328 and the IDD grade were
examined by a multiple linear regression analysis at each disc
level. The number of risk alleles was statistically interacted with
the association between age and IDD at C7-T1, T3-4, T4-5, as well
as T12-L1 with difference in progression rate of�0.03 to�0.05 per
1-age category per 1-risk allele increase. The 95% lower confi-
dence limits were all above zero-difference. The prevalence of IDD
at these disc levels were much lower than at middle cervical
(C4eC5 to C6eC7) or lower lumber spines (L2-L3 or lower). In
particular, the second and third lowest prevalence of IDD was
observed at C7-T1 and T12-L1.

Discussion

We have replicated the association of THBS2 with IDD. A pre-
vious study has revealed the immunolocalization of THBS2 in the
human intervertebral disc22. THBS2 is a calcium-binding protein
that binds to and inactivates the MMP genes, specifically MMP-2
and MMP-9. The MMPs degrade the extracellular matrix during
tissue formation and repair23e25. Mutations in the MMP-binding
region of THBS2 lead to the activation of MMPs24, which acceler-
ates the proteolysis of proteoglycans and dehydration of the
intervertebral disc, resulting in the change ofMRI signal intensity26.
The collagen fibers of the skin and tendon of Thbs2 knockout mice
are disordered, resulting in kyphosis that slowly progresses with
age27. The knockout mice exhibit increased levels of MMPs in
healing skin wounds after injury27e29. These results suggest that
THBS2may play an important role in IDD through regulation of the
MMPs.

Method of evaluating disc degeneration

We evaluated and scored IDD at each disc level, which would
detect genetic factorsmore accurately than the aggregate score that
combines several disc levels. The signal intensity has no clear ge-
netic component in the Sambrook study1. In that study, the IDD
phenotype used was a combination of individual qualitative ratings
of disc height narrowing, signal intensity, disc bulging, and osteo-
phytes, using the sum of the scores from C2-3 to C7-T1 or from L1-2
to L5-S1 disc levels. In contrast, the genetic association with the
lumbar levels in Battie's twin study was higher with respect to
signal intensity than disc height or disc bulge4. Themajor difference
between the two results is based on adding the scores at each disc
level, or separately evaluating and scoring each single disc level. In
addition, the environmental characteristics at each disc level of the
lumbar spine are different4, and therefore, we used the score at
each intervertebral level. Genetic-environmental interactions were
observed at C7-T1, T3-4, T4-T5 and T12-L1, where the prevalence of
IDDwas the relatively lower than the other spines. In particular, the
prevalence of the IDD at C7-T1 and T12-L1 was quite low (Fig. 1).
Considering that the gross effect of genetic factors are likely to be
masked at the disc level by the strong influence of environmental
factors. We speculate that the influence of environmental factors
including mechanical load was nominal at C7-T1, and T12-L1. This
study proved that the disc levels with lower prevalence of IDD are
suitable for studying the genetic factors of IDD. Above all, the
contributions of genetic and environmental factors to IDD differed
by disc level.

Effects of aging

The process of aging affects IDD11. A biological feature of IDD is a
decrease in proteoglycans. As the proteoglycan decreases, the nu-
cleus pulposus dehydrates and hardens, leading to loss of the shock
absorbing function of the disc, and eventually results in damage to
the annulus fibrosus. This series of changes progresses with age. In
addition, the accumulation of environmental factors (such as
physical loading) affects the IDD. The effect of the genetic factors by
age was different. In our study, the estimation of the interaction
between age and rs9406328 showed that the genetic factor is
stronger in the younger age groups (Fig. 3). A twin study reported
that the genetic effects on the intensity of the MRI signal of the
intervertebral discs is stronger in people under 50 years old than in
those over the age of 50.6

Conclusion

Our study validated an association of THBS2 rs9406328 with
IDD. The prevalence of DD and the contribution of genetic factors to
DD, differed by disc level. The significant interaction between
THBS2 and age to IDD was detected in the thoraco-lumbar junction
and thoracic spines, which the disc levels demonstrated lower IDD
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prevalence. The contributions of genetic and environmental factors
to IDD differed by disc level.
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