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ABSTRACT

Lumbar disc herniation (LDH) is a common spinal disease that endangers human health. Genetic
factors play a vital role in the progression of LDH. This study aimed to explore the relationship of
the MIR31HG polymorphism with LDH risk in the Chinese population. Seven candidate SNPs on
MIR31HG in 504 patients with LDH and 503 healthy people were genotyped by Agena MassARRAY
platform. Logistic regression was used to calculate the relationship between MIR31HG polymorph-
ism and LDH risk under different genetic models. Multi-factor dimensionality reduction (MDR)
analysis was performed to evaluate the SNP-SNP interaction. We found that rs10965059 was
significantly associated with a decreased risk of LDH under the dominant (OR = 0.46, 95% Cl: 0.34—
0.62, P < 0.001), log-additive (OR = 0.59, 95%Cl: 0.45-0.76, P < 0.001), and codominant (OR = 0.40,
95%Cl: 0.29-0.55, P < 0.001) models in the overall analysis. In the subgroup analyses of age, male,
and complications, we found that rs10965059 was associated with a reduced risk of LDH.
However, there was no significant correlation between MiR-31HG polymorphisms and risk of
LDH in females. In addition, the three SNPs (rs72703442-rs2025327-rs55683539) was mapped to
a 26kb LD block with D' >0.96, suggesting a significant linkage disequilibrium presence among
each pair SNPs. MDR analysis showed that the best single-locus and multi-locus models for the
prediction of LDH risk were rs10965059 and seven-locus models, respectively, and both of them
increased LDH risk. Our results shown that in the Chinese Han population, the MIR3THG poly-
morphism rs10965059 was involved in a risk to symptomatic LDH, which provides a scientific basis
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for early screening, prevention, diagnosis and treatment of local LDH high-risk populations.

1. Introduction

Lumbar disc herniation (LDH) is a relatively
common spinal diseases resulted by the degen-
eration and the displacement of nucleus pulpo-
sus [1], has been identified as a health problem
world-wide now [2], and is the most general
diagnosis of lumbar degenerative deformity.
Initial lumbago that may eventually develop
into persistent sciatica is typical of LDH [3].
Although it is a benign disease, it still makes
patients weak and disabled with lower quality
of work and life and expensive medical expenses,
as well as causes great physical and psychological
distress to patients [4]. Studies have shown that
37 markers on 8q24.21 (between CCDC26 and
GSDMC) are related to sciatica caused by

lumbar disc degeneration (LDHsurg) [5].
A large number of research studies have deter-
mined that LDH is a complex and polyfactorial
spinal disease caused by all kinds of factors,
involving age, physical condition, gender, pro-
fession, sports activity, and other unlisted factors
[6-8]. However, the twin studies illuminated
that greater than 70% of patients with LDH
have a genetic origin [9], which suggests that
genes may have an important influence on the
risk of LDH. Molecular epidemiological studies
also pointed out that genetic polymorphisms
were associated with LDH risk [10-12].

Long non-coding RNAs (IncRNAs) are defined as
transcriptions >200 nucleotides in length, and there

is increasing evidences that IncRNAs are involved in
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regulating the growth and differentiation of various
cell types [13]. Zhuang-Wen Liao et al. showed that
Lnc-MT1DP in combination with miR-365 dis-
rupted cellular mitochondrial membranes, which in
turn increased apoptosis, causing LDH [14]. Ning
Tang et al. show that LncRNA TUGI is involved in
promoting intervertebral disc degeneration [15].
These results suggest that IncRNAs play an impor-
tant role in LDH. MIR31HG is a newly discovered
non-coding RNA, which is the host gene of MIR31
affecting the development process by regulating
genes related to cell proliferation, apoptosis, cell dif-
ferentiation and cell movement. Studies have shown
that MIR31 plays an important regulatory role in
embryo implantation, development, bone and mus-
cle homeostasis, and immune system function [16].
Yankun Dai et al. revealed that miR-31 affected
chondrocyte viability and migration through meth-
ods, such as dual-luciferase reporter gene detection,
MTT, and cell migration [17]. Chanyuan Jin et al.
showed that the interaction of MIR31HG with NF-B
regulated bone formation and inflammation [18].
These results indicate that MIR31HG is related to
a variety of orthopedic diseases. However, the corre-
lation between MIR3IHG and LDH has not been
reported. This study investigated the association
between MIR31HG polymorphism and LDH risk in
Chinese population by case-control strategy and
aimed to provide a scientific basis for the early
screening, diagnosis and treatment of LDH high-
risk population.

2. Materials and methods
2.1 Ethics statement

Written informed consent was signed before all
subjects participated in the research. The
Institutional Ethical Committee of Xi’an Jiaotong
University approved the study protocol, which was
based on the ethical principles of medical research
applicable to the human body in the Declaration of
Helsinki.

2.2 Subjects

There are 504 patients with LDH (case group)
and 503 healthy subjects (control group) in our
study, and among them, patients with LDH was

from Xi'an Jiaotong University. Patients with
typical clinical signs, and LDH patients deter-
mined by imaging examination, including com-
puted tomography and/or magnetic resonance
imaging (MRI), were included in this trial as
patients with LDH. MRI is the imaging gold
standard for the diagnosis of suspected LDH,
with a diagnostic accuracy of 97% and high
inter-observer reliability [19]. MRI findings of
increased T2-weighted signal from the posterior
10% of the disc diameter are highly suggestive of
disc herniation [20]. LDH patients had the fol-
lowing symptoms: (i) lower back pain, (ii) lower
lumbar pain and local typical sciatica; (iii) lim-
ited lumbar flexion amplitude; and (iv) more
difficult straight leg elevation test and intensive
test [21]. Patients with complex hematological
illnesses, trauma, autoimmune diseases, cancers,
rheumatoid arthritis and relevant lumbar spine
diseases were excluded in the scope of this study
inside. Such a person having no family history of
lumbago, no spinal instability, and no history of
infection and tumor were classified into the con-
trol group, which was healthy subjects during
the same period of physical examination.
Inclusion criteria for LDH complications: (i)
incomplete disc herniation; (ii) postoperative
recurrence; (iii) nerve root injury; (iv) dural
tear; (v) radicular hyperalgesia or burning radi-
culopathy; (vi) postoperative sensation or neck
pain or infection of the surgical site occurs.
Exclusion criteria for LDH complications: people
who can live normally after the operation with-
out the above-mentioned abnormalities [22].

2.3 SNPs selection and genotyping

The selection of SNPs is based on haplotype data or
genotype data and its location in the genome [23-
25]. Seven candidate tagging single-nucleotide poly-
morphisms (SNPs) of MIR31HG gene (rs1332184,
rs72703442, 1s2025327, 1s55683539, 1s2181559,
rs10965059, and rs10965064) were obtained from
the online HapMap database (https://www.interna
tionalgenome.org/category/hapmap), and they are
all located inside the MIR31HG region (Table 2).
A minor allele frequency (MAF) of all selected
SNPS was greater than 0.05. We obtained genomic
DNA from whole blood samples using GoldMag-
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Table 2. Basic information of candidate SNPs and its relationship with LDH risk.

MAF dbSNP
SNP_ID Gene Chr  Position  Allele A/B Case Control 1000 Genome project P-HWE OR (95%Cl) P-value func annot
rs1332184 MIR3THG 9 21504203 A/G 0.234 0.258 0.272 1.000 0.88(0.72-1.08) 0.214 intronic
1s72703442 MIR31HG 9 21515795 A/C 0.157 0.158 0.146 0.178 0.99(0.78-1.26)  0.936 intronic
rs2025327 MIR31HG 9 21531629 C/T 0.099 0.111 0.141 0496 0.88(0.66-1.17)  0.375 intronic
rs55683539 MIR31HG 9 21542134 T/C 0.257 0.243 0.223 0.546 1.08(0.88-1.32)  0.471 intronic
rs2181559  MIR31THG 9 21543938 A/T 0352 0.346 0.354 0.922 1.03(0.86-1.24)  0.768 intronic
rs10965059 MIR3THG 9 21544062 T/C 0.105 0.169 0.087 0.146  0.58(0.44-0.75) <0.001 intronic
rs10965064 MIR3THG 9 21553538 G/C 0.358 0.373 0.403 0.294 0.94(0.78-1.13) 0.496 intronic

SNP: Single nucleotide polymorphism; HWE: Hardy-Weinberg equilibrium; OR: Odds ratio; 95% Cl: 95% confidence interval.

HWE p-value obtained from Chi-squared test.

P-values were calculated from Chi-squared test regarding to the allele distribution frequencies among lumbar disc herniation patients and healthy

controls.
P < 0.05 indicates statistical significance.
Bold indicates a statistically significant SNP (P < 0.05)

mini Whole Blood Genomic DNA Purification Kit
(GoldMag Ltd, Xi’an, China) [26]. NanoDrop 2000
was then used to measure the DNA concentration
and to save eligible samples for further genotyping.
Agena Bioscience Assay Design Suite Version 2.0
(https://agenacx.com/online-tools/)was used to pro-
ceed MassEXTEND test [27,28]. Genotyping was
conducted by Agena MassARRAY platform with
iPLEX gold chemistry (Agena Bioscience, San
Diego, CA, USA (Sequenom, Inc)) in step with the
manufacturer’s protocol [29]. Finally, we performed
data management and analysis.

2.4 Statistical analysis

For statistical analyses, we used Microsoft Excel
(Microsoft Corp., Redmond, WA, United States) [7]
as well as SPSS 19.0 Software (SPSS Inc., Chicago, IL,
USA). To compare the differences in age and sex
distribution between the case group and the control
group, Welch’s t test and chi-square test were adopted
[8]. To measure the genotype frequencies distribution
of the polymorphism among the controls, chi-square
test was in use [9]. The X2 test was adopted to measure
the difference of allele frequencies distribution
between patients and the control group [30]. OR
values and 95% CIs used unconditional logistic
regression analysis to measure the size of the risk allele
effect [31]. Genetic model analyses were adopted by
PLINK software (http://www.cog-genom ics.org/
plink 2/) to evaluate the relationship between SNPs
and LDH risk [32]. Linkage disequilibrium (LD) ana-
lysis and haplotype-based associations were carried
out by the PLINK software and haploview software
package [33]. All the obtained P values were two-sided

if the values were of statistical significance when
P < 0.05 [34] . In order to exclude the influences of
age, sex, and complications on the experimental
results, we adjusted for age, sex, and complications,
respectively. We used G*power 3.1.9.2 software to
calculate the sample size and proportion of the case
group and the control group in this study [35]. Multi-
factor dimensionality reduction (MDR) analysis was
performed through MDR_3.0.2 software to identify
high-order interactive models of LDH risk.

3. Result
3.1 Characteristics of the participants

G*power 3.1.9.2 software analysis showed that
the total sample size of a study needed to be
greater than 210, while the sample size of the
control and case groups needed to be greater
than 105, where the effect size was 0.5, a error
pro was 0.05, power (1 - B error pro) was 0.95,
and allocation ratio N2/N1 was 0.998. The

Table 1. Comparison of characteristics between control group
and lumbar disc herniation.

Characteristics Cases(N = 504) Controls(N = 503) P-value
Age + SD 49.30 + 14.92 49.25 + 13.58 0.956°
< 49 years 252(50%) 252(50%)
> 49 years 252(50%) 251(50%)
Sex 0.970°
Male 294(58%) 294(58%)
Female 210(42%) 209(42%)
complication
Yes 227(45%) 277(55%)
No 277 (55%) 226 (45%)

SD: Standard deviation.

9P value was calculated from independent sample Student's t test;
bp value was calculated from two-sided Chi-squared test;

P < 0.05 indicates statistical significance.
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demographic information for this study is shown
in Table 1. There were 504 patients with LDH
and 503 healthy individuals possessed in this
case-control research, indicating that the sample
size in this study fully met the statistical require-
ments. There were 210 females (42%) and 294
males (58%) in the cases, while 294 men (58%)
and 209 women (42%) in the controls. The aver-
age age of the control group and the case group
were 49.25 + 13.58 years and 49.30 + 14.92 years,
respectively. Furthermore, according to both
groups regarding gender (P = 0.970) and age
(P = 0.956), we found that there were no signifi-
cantly statistical differences.

3.2. Basic information of candidate SNPs and its
relationship with LDH risk

The certain information about all the SNPs are
shown in Table 2, such as alleles, the SNP_ID, OR
(95%CI), gene name, chromosomal position,
minor allele frequency (MAF), the P-value, and
the Hardy-Weinberg equilibrium (HWE) results
of the cases and controls. The MAF of the control
group in this study is very close to the MAF in
the 1000 Genome project (Table 2) and both of
them are greater than 0.05. The detection rate of
all SNPs was >99% in the cases with LDH and the
controls, which was considered sufficient for cor-
relation analysis. The frequency distribution of all
SNPs genotype was no difference from the HWE
(P > 0.05) in the control group, which indicated
that the seven SNPs were in equilibrium and
representation. The ORs were calculated to eval-
uate the associations between SNPs and the risk
of LDH. Overall, we learned that rs10965059 was
significantly related to a reduced susceptibility of
LDH (OR = 0.58, 95%CI = 0.44-0.75, P < 0.001).
Nevertheless, we found no association between
patients with LDH and the controls in the allele
frequencies of the other six SNPs (rs1332184,
rs72703442, rs2025327, rs55683539, rs2181559,
and rs10965064).

3.3 Genetic model analyses of seven selected
SNPs and the risk of LDH

Further, four types of multiple genetic models
are used to analyze the correlation between SNPs

and the risk of LDH by adjusting logistic regres-
sion analyses of gender and age (Table 3).
A noteworthy association with a declining risk
of LDH was found to be rs10965059 under the
codominant (OR = 0.40, 95%CI = 0.29-0.55,
P < 0.001), dominant (OR = 0.46, 95%
CI = 0.34-0.62, P < 0.001) and log-additive
(OR = 0.59, 95%CI = 0.45-0.76, P < 0.001) mod-
els. Before and after adjustment for gender and
age, there was no significant association between
SNP  (rs1332184, rs72703442, rs2025327,
rs55683539, rs2181559, and rs10965064) and
the risk of LDH (P > 0.05).

3.4 Stratified analysis of the gender and age on
association between selected SNPs and LDH risk

Additionally, in stratification analyses by gender
and age, there are obviously significant correla-
tions between rs10965059 and the LDH risk,
while no correlation is found between the other
six SNPs and LDH risk as shown in Table 4. At
age >49 years, rs10965059 was associated with
the reduced risk of LDH in the allele
(OR = 0.55, 95%CI = 0.38-0.78, P = 0.001),
codominant (OR = 0.32, 95%CI = 0.21-0.50,
P < 0.001), dominant (OR = 0.39, 95%
ClI = 0.26-0.59, P < 0.001), log-additive
(OR = 0.54, 95%CI = 0.38-0.78, P = 0.001) mod-
els. At the same time, we also found rs10965059
was relevant with a 0.61-fold reduced LDH risk
in patients at age <49 years in the allele model
(OR = 0.61, 95%CI = 0.41-0.89, P = 0.011),
a 0.50-fold decreased susceptibility of LDH in
the codominant model (TCvs.CC, OR = 0.50,
95%CI = 0.31-0.78, P = 0.002), a 0.53-fold
decreased susceptibility of LDH in the dominant
model (CT/TTvs.CC, OR = 0.53, 95%CI = 0.35-
0.82, P = 0.004) and a 0.63-fold decreased sus-
ceptibility of LDH in the log-additive model
(OR = 0.63, 95%CI = 0.43-0.91, P = 0.015).
Furthermore, we found only rs10965059 was
associated with LDH in the male subgroup, as
illustrated in Table 4. The rs10965059 was asso-
ciated with a descending risk of LDH under the
log-additive (OR = 0.43, 95%CI = 0.31-0.61,
P < 0.001), dominant (OR = 0.31, 95%CI = 0.21-
0.46, P < 0.001) and allele (OR = 0.44, 95%
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Table 3. Genetic model analyses of seven selected SNPs and the risk of lumbar disc herniation.

Without adjustment With adjustment

SNP_ID Model Genotypes  Controls, n (%) Patients, n (%) OR (95% CI) pa OR (95% CI) pb
rs1332184
Codominant G/G 276(55.0%) 291(57.7%) 1.00 1.00
G/A 193(38.4%) 190(37.7%) 0.93(0.72-1.21) 0.604 0.93(0.72-1.21) 0.603
A/A 33 (6.6%) 23 (4.6%) 0.66(0.38-1.15) 0.145 0.66(0.38-1.16) 0.146
Dominant G/G 276(55.0%) 291(57.7%) 1.00 1.00
G/A-A/A 226 (45.0%) 213(42.3%) 0.89(0.7-1.15) 0.378 0.89(0.7-1.15) 0.376
Recessive G/G-G/A 469(93.4%) 481(95.4%) 1.00 1.00
A/A 33 (6.6%) 23 (4.6%) 0.68(0.39-1.18) 0.167 0.68(0.39-1.18) 0.168
Log-additive - - 0.88(0.71-1.08) 0.209 0.88(0.71-1.08) 0.209
172703442
Codominant  C/C 352(70.0%) 358(71.0%) 1.00 1.00
C/A 143(28.4%) 134(26.6%) 0.92(0.70-1.22) 0.563 0.92(0.7-1.22) 0.565
A/A 8(1.6%) 12(2.4%) 1.48(0.60-3.65) 0.401 1.48(0.60-3.66) 0.400
Dominant C/C 352(70.0%) 358(71.0%) 1.00 1.00
C/A-A/A 151(30%) 146(29%) 0.95(0.73-1.25) 0.714 0.95(0.73-1.25) 0.716
Recessive C/C-C/A 495(98.4%) 492(97.6%) 1.00 1.00
A/A 8(1.6%) 12(2.4%) 1.51(0.61-3.72) 0.372 1.51(0.61-3.73) 0.371
Log-additive - - 0.99(0.78-1.26) 0.935 0.99(0.78-1.26) 0.936
rs10965059
Codominant Cc/C 331(68.0%) 414(82.1%) 1.00 1.00
T 147(30.2%) 74(14.7%) 0.40(0.29-0.55)  <0.001 0.40(0.29-0.55)  <0.001
/T 9(1.8%) 16(3.2%) 1.42(0.62-3.26) 0.406 1.42(0.62-3.24) 0.412
Dominant c/C 331(68.0%) 414(82.1%) 1.00 1.00
CT-1/T 156(32.0%) 90(17.9%) 0.46(0.34-0.62) <0.001 0.46(0.34-0.62) <0.001
Recessive c/C-C/T 478(98.2%) 488(96.8%) 1.00 1.00
/T 9(1.8%) 16(3.2%) 0.68(0.39-1.18) 0.188 1.74(0.76-3.98) 0.188
Log-additive - - 0.59(0.46-0.76) <0.001 0.59(0.45-0.76) <0.001

SNP: Single nucleotide polymorphism; OR: Odds ratio; 95% Cl: 95% confidence interval.
P?-values were calculated by unconditional logistic regression analysis with the comparison between lumbar disc herniation patients and healthy

controls.

P°-values were calculated by unconditional logistic regression analysis with adjustments for age and gender.

Bold indicates a statistically significant SNP (P < 0.05)

CI = 0.31-0.61, P < 0.001) models, however, for
female groups, no related SNPs were found.

3.5 Stratified analysis of the association
between the selected SNP and the risk of
complications caused by LDH

In addition, we carry out another stratified ana-
lysis of complication caused by LDH on associa-
tion between the selected SNPs and the risk of
complications caused by LDH, as displayed in
Table 5. Compared to non-complication, the
rs10965059 had related with an incremental
munity of LDH in patients with complication
under the allele (T vs. C, OR = 1.54, 95%
CI = 1.03-2.31, P = 0.034), the recessive (T/T
vs. C/C-C/T, OR = 3.55, 95%CI = 1.03-12.28,
P = 0.046) and the log-additive (OR = 1.64, 95%
CI = 1.07-2.51, P = 0.024) models. However,

there was no significant association between six
loci (rs1332184,  rs72703442,  rs2025327,
rs55683539, rs2181559, and rs10965064) on
MIR31HG gene and risk of LDH (P > 0.05) in
the complication subgroup.

3.6 Haplotype analyses

Based on genotype data of seven SNP, Haploview
software was used to construct haplotypes. In the
overall analysis, linkage disequilibrium analysis
revealed a block in MIR31HG (Figures 1) and the
LD block included rs72703442, rs2025327 and
rs55683539. Furthermore, the correlation between
the MIR31HG haplotype and the risk of LDH was
analyzed, however, we did not discovery any sta-
tistical evidence for the risk of LDH in our
research.
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Table 5. Stratified analysis of the association between the
selected SNP and the risk of complications caused by LDH.

SNP

Genotype

complication (yes vs no)

Table 5. (Continued).

complication (yes vs no)

SNP Genotype OR (95%Cl) P -value
Dominant Cc/C 1.00

CT-1/T 1.66(0.98-2.81) 0.059
Recessive c/c-aT 1.00

/T 3.55(1.03-12.28) 0.046
Log-additive - 1.64(1.07-2.51) 0.024
rs10965064
Allele C 1.00

G 1.03(0.79-1.33) 0.853
Co-dominant c/C 1.00

C/G 1.08(0.71-1.65) 0.716

G/G 0.8(0.40-1.61) 0.535
Dominant c/C 1.00

C/G-G/G 1.03(0.69-1.54) 0.891
Recessive C/C-C/G 1.00

G/G 0.77(0.40-1.48) 0.427
Log-additive - 0.96(0.70-1.30) 0.783

SNP: single-nucleotide polymorphism; OR, odds ratio; Cl, confidence
interval; LDH: Lumbar disc herniation;

vs: versus. P < 0.05 indicates statistical significance.

Bold indicates a statistically significant SNP (P < 0.05)

3.7 MDR analysis for the effect of MIR31HG
SNP-SNP interaction on LDH risk

(1) As shown in Figure 2a,b, the dendogram

and Fockman-Reilingold describe

the

interactions between these SNPs that the

OR (95%Cl) P -value

151332184
Allele G 1.00

A 1.02(0.76-1.36) 0.916
Co-dominant G/G 1.00

G/A 0.95(0.63-1.44) 0.822

A/A 0.75(0.28-2.05) 0.580
Dominant G/G 1.00

G/A-A/A 0.93(0.62-1.39) 0.731
Recessive G/G-G/A 1.00

A/A 0.77(0.29-2.06) 0.600
Log-additive - 0.92(0.65-1.30) 0.633
1572703442
Allele C 1.00

A 1.03(0.73-1.44) 0.884
Co-dominant C/C 1.00

C/A 1.08(0.69-1.69) 0.729

A/A 0.69(0.18-2.59) 0.583
Dominant C/C 1.00

C/A-A/A 1.04(0.68-1.61) 0.846
Recessive C/C-C/A 1.00

A/A 0.68(0.18-2.52) 0.559
Log-additive - 1.00(0.68-1.47) 0.998
rs2025327
Allele T 1.00

C 1(0.66-1.51) 0.993
Co-dominant /T 1.00

T/C 0.93(0.55-1.57) 0.796

C/C 0.93(0.13-6.57) 0.944
Dominant /T 1.00

T/C-C/C 0.93(0.56-1.55) 0.791
Recessive T/T-T/C 1.00

C/C 0.94(0.13-6.63) 0.954
Log-additive - 0.94(0.59-1.50) 0.796
1s55683539
Allele C 1.00

T 1.14(0.86-1.52) 0.358
Co-dominant C/C 1.00

T/C 1.02(0.67-1.55) 0.947

/T 2(0.92-4.37) 0.081
Dominant C/C 1.00

T/C-T/T 1.14(0.76-1.70) 0.527
Recessive C/C-T/C 1.00

T/T 1.99(0.93-4.27) 0.076
Log-additive - 1.22(0.89-1.67) 0.214
rs2181559
Allele T 1.00

A 1.09(0.84-1.42) 0.498
Co-dominant /T 1.00

T/A 1.05(0.69-1.61) 0.819

A/A 1.41(0.73-2.72) 0.304
Dominant /T 1.00

T/A-A/A 1.12(0.74-1.67) 0.598
Recessive T/T-T/A 1.00

A/A 1.37(0.74-2.54) 0.311
Log-additive - 1.14(0.85-1.54) 0.378
rs10965059
Allele C 1.00

T 1.54(1.03-2.31) 0.034
Co-dominant C/C 1.00

(@2) 1.42(0.80-2.50) 0.230

/T 3.75(1.08-13.03) 0.038

(Continued)

short connections between nodes represent
more redundant interactions (A) and that
negative entropy of two locis indicates
antagonistic effect (B), and positive
entropy indicates synergistic effect. The
MDR model analysis of SNP-SNP interac-
tion are showed in Table 6. The results
showed that rs10965059 was the best sin-
gle-locus model to predict LDH (testing
accuracy (TA), 0.589; cross-validation con-
sistency (CVC), 10/10; OR = 2.78, 95%
CI = 1.04-7.39, P = 0.037). Among the
multi-locus models, the best combination
of LDH risk prediction was the seven-locus
model (TA, 0.596; CVC, 10/10; OR = 4.17,
95%CI = 3.17-5.49, P < 0.001).

4. Discussion

Intervertebral disc degeneration is a common mul-
tifactorial and polygenic disease [36], and some
studies have found some genes related to LDH
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Figure 1. Linkage disequilibrium analysis of MIR3THG.

[4,8,37], such as Interleukin6 [11] and ALDH2
[10]. However, the effect of SNPs MIR31HG gene
on LDH is unclear. Our results showed that
rs10965059 was found to be concerned with sus-
ceptibility to LDH in the overall analysis, age,
male, and complication stratification study. As
far as we know, this is the first time that
a relationship between the MIR31HG gene poly-
morphisms and LDH risk has been discovered in
the Chinese Han population.

LDH represents a historically well-known dis-
ease. At present, mainly through surgical

rs72703442
rs55683539
rs10965064
rs2181669

rs1332184

E rs2025327
rs10965059
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treatment and non-surgical treatment, expensive
treatment costs have brought a huge burden to
patients and society [38], but the specific treat-
ment mechanism of LDH is still unclear.
Previous studies have shown that the susceptibility
to LDH is related to genetic polymorphisms. For
example, Dong Q et al. [10] showed the relation-
ship between ALDH?2 polymorphisms and suscept-
ibility of LDH. Yang X et al. [39] found that in the
men subgroup, the risk of LDH was 0.46 times
higher in individuals with the rs8040868 CT gen-
otype than in individuals with the rs8040868 TT
genotype (OR = 046, 95%CI = 0.25-0.84,
P = 0.012). However, as far as we know, whether
polymorphisms of MIR31HG are related to the
emotivity of LDH has not been reported before.
Compared with mRNAs, long non-coding
RNAs (IncRNAs) usually do not have a protein-
encoding open reading frames and has a relatively
low expression level. However, there is a higher
degree of conservation in the promoter and exon
regions of IncRNAs, suggesting that they have
important functions in biological processes [40].
In addition, some studies have shown that the
abnormal expression of IncRNAs is related to
many orthopedic diseases such as LDH [41]
MIR31HG produces a incRNA that serves as
a host gene for MIR31. A research by Walter
M. Hodges et al. showed that MIR31 played
a role in inhibiting the various steps of bone mor-
phogenetic protein 2 (BMP2)-mediated osteogen-
esis [42]. MIR31 is related to mechanisms, such as

Figure 2. The dendogram (a) and fruchterman Rheingold (b) of MIR37THG SNP-SNP interaction for LDH risk. (a) Short connections
among nodes represent stronger redundant interactions. (b) A negative value for the two-locus entropy indicates that it is an
antagonistic effect, and a positive value indicates that it is a synergistic effect.
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Table 6. MDR analysis for the effect of MIR3THG SNP-SNP interaction on LDH risk.

Model Testing Bal. Acc. QvC OR (95% ClI) P -value
rs10965059 0.589 10/10 2.78 (1.04-7.39) 0.037
rs1332184,rs10965059 0.578 7/10 2.63 (1.97-3.50) < 0.001
rs1332184,rs2181559,rs10965059 0.572 5/10 2.83 (2.15-3.72) < 0.001
rs1332184,rs2181559,rs10965059,rs10965064 0.583 6/10 3.41 (2.58-4.50) < 0.001
rs1332184,rs2025327,rs2181559,rs10965059,rs10965064 0.598 8/10 3.77 (2.86-4.93) < 0.001
rs1332184,rs72703442,rs55683539,rs2181559,rs10965059,rs10965064 0.592 7/10 4.01 (3.05-5.28) < 0.001
r51332184,rs72703442,rs2025327,rs55683539,rs2181559,rs10965059,rs10965064 0.596 10/10 4.17 (3.17-5.49) < 0.001

promoting muscle regeneration, inhibiting ubiqui-
tin ligase, and resisting muscle atrophy during
hibernation [43] Studies have shown that MIR31
is involved in the pathogenesis of neurodegenera-
tive diseases [44]. Jin C et al. [18] demonstrated
that the down-regulation of MIR31HG can not
only promote osteogenic differentiation, but also
tully reverse the inhibitory effect of osteogenesis in
an inflammatory environment. These results indi-
cate that MIR31HG plays an important role in the
occurrence and development of a variety of ortho-
pedic diseases. But there is no related report on the
exploration of the relationship between MIR31HG
and LDH. We speculate that to a certain extent,
the MIR31HG gene may have to do with the risk of
LDH. We selected the rs1332184, rs72703442,
rs2025327, 1rs55683539, rs2181559, rs10965059,
rs10965064 locus on the MIR3IHG gene for
research. Among these loci, we only found that
rs1332184 has been reported in a piece of litera-
ture, which found that the rs1332184 mutation
had a strong correlation with that in alcohol
(with P value 0.001 or lower) [45]. However, as
for rs1332184, there were also no distinctly signif-
icant differences between the patients and the con-
trol group (P > 0.05) in our study, which may be
caused by different research methods, distinctive
research samples and various environments

In general, according to age and male stratified
analyses, we all found that rs10965059 was con-
cerned with a lower risk of LDH. However, in
a stratified analysis of complications, the CT and
TT genotypes of rs10965059 were concerned with
an incremental susceptibility of LDH compared to
the CC genotype after adjustments for age and
gender under the multiple models. Our findings
supported the rationality of our previous guess.
Therefore, these results showed that the variation
of MIR31HG may influence the risk of LDH in

Chinese Han population. More samples and func-
tional tests are required to carry out our results,
and we will be working on them.

MDR analysis is a new method for analyzing
interactions developed in recent years [46]. This
study explored the impact of SNP-SNP interaction
on the risk of LDH through MDR analysis. The
results showed that the best single-locus model for
LDH risk prediction was rs10965059, and the best
multi-locus model is the seven-locus model, which
increases the risk of LDH. There are some limita-
tions in our research. First, a larger sample is
worth considering to validate our results. Second,
there were still selection biases during the survey.
Third, this study did not assess the relationship
between MIR31HG polymorphisms and types of
clinical pathological diseases. The mechanism of
LDH remains to be further studied.

5. Conclusion

In conclusion, our results indicate that the
MIR31HG gene polymorphism is associated with
the risk of LDH in the Chinese population, which
has laid a certain genetic theoretical basis for the
early screening of LDH high-risk populations.
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