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Lumbar disc herniation (LDH) is a common degenerative disease of the lumbar spine, which is 
related to host genetic factors. Our study aimed to explore the association between MIR3142HG 
polymorphisms and LDH susceptibility. Six SNPs in MIR3142HG from 504 LDH patients and 500 
healthy individuals were genotyped by the Agena MassARRAY platform. The relationship between 
SNPs and LDH susceptibility was evaluated with logistic regression analysis by calculating odds ratios 
(ORs) and 95% confidence intervals (CIs). The interactions between SNP and SNP were analyzed 
using the multifactor dimensionality reduction (MDR) method. Our study showed that rs7727115 was 
related to a decreased susceptibility to LDH. Rs2961920 and rs58747524 were significantly associated 
with an increased risk of LDH. Stratified analysis showed that rs7727115 reduced the risk of LDH in 
patients aged > 49 years. Rs17057846, rs2961920, and rs58747524 had a risk-increasing influence 
on patients aged > 49 years and women. Besides, rs7727115 decreased susceptibility in cases of disc 
prolapse, while rs2961920 and rs58747524 increased the risk. Rs2431689 increased susceptibility in 
patients with a single hernia, and rs58747524 correlated with an increased risk in cases of multiple 
hernias. Moreover, MDR analysis indicated that the combination of rs1582417, rs2431689, rs7727115, 
rs17057846, rs2961920, and rs58747524 was the best predictive model for LDH. Our study showed 
that MIR3142HG polymorphisms were significantly associated with LDH risk, which suggests that 
MIR3142HG polymorphisms play some potential roles in diagnosing LDH.
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Lumbar disc herniation (LDH) is a common lumbar degenerative disease caused by degeneration and 
displacement of the nucleus pulposus or the annulus fibrosus outside the intervertebral disc space 1. Pains in the 
leg or lower back are the main clinical features of LDH, which affect approximately 90% of the world’s population 
at some point during their life 2. At present, surgery is the most common treatment for LDH, but a large number 
of patients still suffer persistent low back and leg pain after surgical treatment 3,4. Thus, it is necessary to find new 
therapeutic targets for LDH. Several studies have shown that LDH is related to various inflammatory and immune 
responses. Among them, hematological indicators such as the neutrophil ratio (NEU), mean platelet volume 
(MPV), mononuclear cell ratio (MON), lymphocyte count (LYM), red blood cell distribution width (RDW), 
indirect bilirubin (IBIL) are closely related to the inflammation level and immune response of patients with LDH 
5,6. As a common and multifactorial spinal disease, LDH is affected by multifactorial interactions, such as age, 
gender, height, smoking habits, trauma, and cold or humid environment as well as genetic factors. It has been 
reported that genetic factors such as gene polymorphisms play a more important role than environmental factors 
in the progression of LDH 7. To date, many susceptibility genes such as Storkhead Box1 (STOX1), CollagenType 
IX (COL9), Metallopeptidase Inhibitor 1 (TIMP1), Interleukin 4 (IL4), and Interleukin 6 (IL6), and MIR31HG 
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polymorphisms were identified to be associated with LDH 8–10. However, the specific pathogenesis of LDH is 
still unclear.

Long non-coding RNAs (lncRNAs), non-coding transcripts of longer than 200 nucleotides, participate in 
the regulation of crucial biological processes. Growing evidence has indicated that lncRNAs are involved in 
numerous diseases, including intervertebral disc degeneration, and osteoarthritis 11–13. MIR3142HG, located 
at chromosome 5q33.3, can influence the transcription of MIR146A (the host gene of miR-146a), and then 
regulate the expression of miR-146a 14. MIR3142HG is involved in the occurrence of a variety of human diseases 
by affecting the inflammatory reaction, including lipopolysaccharide-induced acute lung injury and idiopathic 
pulmonary fibrosis 14,15. Previous studies have shown that inflammatory response plays an important role in the 
occurrence and development of intervertebral disc degeneration 16. There is evidence revealed that MIR3142HG 
can directly target miR-146a to regulate the inflammatory response in fibroblasts 14. Additionally, a recent study 
has shown that miR-146a can mediate the IL6/Signal Transducer And Activator Of Transcription 3 (STAT3) 
signaling pathway to regulate the occurrence of lumbar intervertebral disc degeneration 17. The above studies 
suggest that MIR3142HG has a crucial role in the occurrence of LDH. Single nucleotide polymorphisms (SNPs), 
the most common type of human heritable variants, are likely to be biomarkers for human disease 18. Several 
studies have indicated that MIR3142HG SNPs are significantly associated with human diseases. For instance, 
Cao et al. showed that rs17057846 and rs58747524 in MIR3142HG contributed to the elevated risk for IgA 
nephropathy 19. What’s more, a study has indicated that MIR3142HG rs1582417 and rs7727115 were significantly 
associated with osteonecrosis of the femoral head 20. However, the association between MIR3142HG genetic 
polymorphisms and LDH remains unclear.

Thus, we performed the case–control study (including 504 LDH patients and 500 healthy controls) to 
investigate the impact of MIR3142HG genetic variants on LDH susceptibility in the Chinese Han population. 
Our study will provide a new perspective on the molecular mechanism, prevention, and diagnosis of LDH.

Materials and methods
Study population
Before the study, G* Power (version 3.1.9.7) software was used to calculate the sample size. First, we selected 
the statistical method (t-test) and then chose classification (Difference between two independent means (two 
groups)). Then set the parameters: tail = 2, effective size = 0.2, α = 0.05, power = 0.884, and allocation ratio = 1. 
Finally, the calculated sample size of the case group and the control group was 499 cases respectively. A total 
of 1004 participants including 504 patients with LDH and 500 ethnicity, age, and gender-matched healthy 
controls were randomly recruited from the First Affiliated Hospital of Xi’an Jiaotong University. Patients were 
newly diagnosed as LDH by imaging examination and typical clinical symptoms and signs. Symptoms of LDH 
included: (1) partial lumbar pain and local typical sciatica; (2) low back pain; and (3) difficulty in straight leg 
elevation test and enhancement test. All controls were selected the healthy volunteers who were admitted to the 
hospital for physical examination at the same period as the cases and had no history of sciatica and low back 
pain. The controls showed to meet the following inclusion criteria: (1) subjects without any medical and family 
history of lumbosacral pain; (2) without any history of tumors; and (3) without spondylolisthesis, scoliosis, from 
trauma, osteoarthritis, rheumatism and rheumatoid arthritis. All participants with trauma, tumors, autoimmune 
diseases, and related lumbar diseases were excluded. We were informed about the purpose of the study and 
obtained an informed consent form from each subject before starting the study. The basic characteristics of each 
subject including age, gender, complication, blood indicators (NEU, (MPV), mononuclear MON, LYM, RDW, 
IBIL), degree, and level of herniation were obtained by medical records and standard questionnaires. This study 
was performed in accordance with the Helsinki Declaration and approved by the Ethics Committee of the First 
Affiliated Hospital of Xi’an Jiaotong University.

SNP screening and DNA extracting
The SNPs in MIR3142HG were selected based on the following standards. First, we obtained the physical 
position of MIR3142HG on chromosome 5:160438594-160487426 by the human Ensembl database (release 
110) 21. In the VCF to PED Converter window, we entered MIR3142HG's physical location, selected the Chinese 
Han population in Beijing (CHB) population, and downloaded the ped and info file for MIR3142HG SNPs. We 
obtained 103 SNPs within MIR3142HG from the database. Second, Haploview v4.2 software was performed 
for quality control (min genotype > 75%, Hardy–Weinberg equilibrium (HWE) > 0.05, minor allele frequency 
(MAF) > 5%, and r2 < 0.8). The linkage disequilibrium plot for the SNPs is shown in Figure S1. Finally, six 
candidate SNPs (rs1582417, rs2431689, rs7727115, rs17057846, rs2961920, and rs58747524) in the MIR3142HG 
gene were selected for investigation. The Gold Mag-Mini Purification Kit (Gold Mag Co. Ltd) was used to 
extract DNA from peripheral blood samples of study subjects. The extracted DNA was cryopreserved in ethylene 
diamine tetra acetic acid (EDTA) tubes. The DNA concentration was measured using NanoDrop2000, and the 
SNP was genotyped using Agena MassARRAY RS1000. The genotyping data was analyzed by Agena Typer 
Software (version 4.0). The primer sequences for PCR amplification are shown in Table S1.

Bioinformatic analysis
The possible functions of the six selected SNPs were predicted using HaploReg v4.2 online software  (   h    t t  p s : / / p 
u  b s  . b r  o a d i   n s t i  t u t e . o r g / m a m m a l s / h a p l o r e g / h a p l o r e g . p h p     ) . Additionally, we explored the effects of SNPs on the 
expression of MIR3142HG through the expression quantitative trait loci (eQTL) analysis of the Genotype-Tissue 
Expression (GTEx) database (http://www.gtexportal.org/).
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Statistical analysis
SPSS 20.0 software was used to perform all statistical analyses. The t-test and chi-square test were used to assess 
the continuous variables (age, NEU, MPV, MON, LYM, RDW, and IBIL) and non-continuous variables (gender) 
between the case and control groups, respectively. The association between MIR3142HG polymorphisms and 
LDH susceptibility was determined by calculating 95% confidence interval (CI) and relative odds ratio (OR) 
with logistic regression analysis under multiple genetic models. The Benjamini and Hochberg’s false discovery 
rate (FDR) method was used to correct for multiple testing. The SNP-SNP interactions were analyzed by open-
source Java software multifactor dimensionality reduction (MDR), version 3.0.2 22, and generalized multifactor 
dimensionality reduction (GMDR) (version 0.7). The one-way ANOVA method was used for index analysis.

Results
Characteristics of the study population
A total of 504 LDH patients (294 males and 210 females) and 500 healthy controls (293 males and 207 
females) are included in this study (Table 1). The mean ages of cases and controls were 49.24 ± 14.88 years and 
49.06 ± 14.47 years, respectively. There was no significant difference between the two groups in terms of gender 
(p = 0.642), age (p = 0.644), and RDW (p = 0.165). Statistically significant differences in NEU (p < 0.001), MPV 
(p < 0.001), MON (p = 0.042), LYM (p = 0.001), and IBIL (p < 0.001) were observed between the case and control 
groups. Additionally, the degree of herniation included disc herniation (110 cases), disc prolapse (388 cases), 
disc displacement (1 case), and others.

Association of MIR3142HG polymorphisms and LDH risk
The basic information and allele frequency distribution of the six SNPs in MIR3142HG are shown in Table 
2. All SNPs in the control groups conformed to HWE (all p > 0.05). The relationship between MIR3142HG 
polymorphisms and the risk of LDH was analyzed by logistic regression analysis adjusted for gender and age. 
As shown in Fig. 1, rs7727115 was associated with a reduced risk of LDH (OR = 0.79, 95%CI = 0.65–0.96, p 

Characteristics Cases (n = 504) Control (n = 500) p-value

Age 49.24 ± 14.88 49.06 ± 14.47 0.849a

≤ 49 254(50%) 248(50%)

> 49 250(50%) 252(50%)

Gender 0.949b

Male 294(58%) 293(59%)

Female 210(42%) 207(41%)

Complication

yes 221(44%)

no 283(56%)

NEU (%) 68.93 ± 14.75 57.64 ± 8.44 < 0.001a

MPV (fL) 11.46 ± 1.36 10.85 ± 1.28 < 0.001a

MON (%) 6.69 ± 2.33 6.98 ± 1.95 0.042a

LYM (109/L) 1.66 ± 0.71 1.95 ± 1.58 0.001a

RDW (%) 13.33 ± 1.41 13.88 ± 7.81 0.165a

IBIL (umol/L) 7.48 ± 7.53 11.90 ± 4.73 < 0.001a

Degree of herniation

Disc herniation 110 (21.8%)

Disc prolapse 388 (77.0%)

Disc displacement 1 (0.2%)

Others 5 (1%)

Level of herniation

L5-S1 98

L4-L5 and L5-S1 160

L3-L4 and L4-L5 30

L4-L5 80

L3-L4, L4-L5, and L5-S1 50

L2-L3, L3-L4,L4-L5, and L5-S1 12

others 74

Table 1. Basic characteristics of the LDH patients and the controls. LDH: Lumbar disc herniation; NEU: 
Neutrophil ratio; MPV: Mean platelet volume; MON: Mononuclear cell ratio; LYM: Lymphocyte count; RDW: 
Red blood cell distribution Width; IBIL: Indirect Bilirubin. ap value was calculated by independent samples 
t-test. bp value calculated by χ2-test. p < 0.05 indicates statistical significance. The highlighted in bold represent 
statistical significance.
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(FDR) = 0.047). Rs2961920 (OR = 1.76, 95%CI = 1.22–2.53, p (FDR) = 0.014) and rs58747524 (OR = 1.27, 
95%CI = 1.03–1.55, p (FDR) = 0.044) showed an increased susceptibility to LDH.

Stratified analysis by age
We further analyzed the correlation between LDH susceptibility and MIR3142HG polymorphisms under 
age stratification analysis (Table 3). We observed that rs7727115 had protective effects on the risk of LDH 
in patients aged ˃ 49  years (OR = 0.71, 95% CI = 0.54–0.93, p (FDR) = 0.025) MIR3142HG polymorphism 
rs17057846 (OR = 1.59, 95% CI = 1.10–2.30, p (FDR) = 0.029) and rs58747524 (OR = 1.69, 95% CI = 1.18–2.42, 
p (FDR) = 0.025) were associated with an increased risk of LDH in people aged > 49 years.

Stratified analysis by gender
As shown in Table 3, gender-based stratification analysis found that rs17057846, rs2961920, and rs58747524 in 
MIR3142HG were associated with an increased risk of LDH in women. Specifically, rs17057846 had a higher 
risk probability to LDH (OR = 1.51, 95% CI = 1.06–2.15, p (FDR) = 0.044). We also found rs2961920 (OR = 1.82, 
95% CI = 1.20–2.76, p (FDR) = 0.028) and rs58747524 (OR = 1.54, 95% CI = 1.12–2.13, p (FDR) = 0.023) had an 
increased risk of LDH.

Stratified analysis by severity of LDH
When stratified by the severity of LDH (Table 4), we found that rs7727115 was linked with decreased 
susceptibility to LDH among disc prolapse individuals (OR = 0.79, 95%CI = 0.64–0.97, p (FDR) = 0.044). Besides, 
rs2961920 (OR = 1.86, 95%CI = 1.26–2.74, p (FDR) = 0.010) and rs58747524 (OR = 1.32, 95%CI = 1.05–1.65, p 
(FDR) = 0.047) were related to an increased risk of LDH in patients with disc prolapse.

Stratified by hernia levels
As demonstrated in Table 4, it was found that rs2431689 was significantly associated with increased susceptibility 
to patients with single hernia (OR = 1.50, 95%CI = 1.03–2.18, p (FDR) = 0.207). Besides, rs58747524 
demonstrated an increased risk correlation with LDH within multiple hernias (OR = 1.51, 95%CI = 1.11–2.05, 
p (FDR) = 0.048).

SNP–SNP interaction analysis using GMDR and MDR
GMDR analysis (Table 5) showed that the six-locus model with a combination of rs1582417, rs2431689, 
rs7727115, rs17057846, rs2961920, and rs58747524 was the best predictive model for LDH (test balanced 
accuracy = 0.5149, CVC = 10/10). Additionally, the six-locus model was associated with increased susceptibility 
to LDH (OR = 1.8899, 95%CI = 1.3227–2.7003, p = 0.0004). We further used the information gain theory to 
explain the relationship between six SNPs and drew a tree diagram. As shown in Fig. 2, the interaction map with 
low entropy values or negative entropy values (plotted in orange, blue, or green) indicated the independence or 
redundancy of each pairwise combination of attributes.

The relationship between SNP genotypes and clinical indicators in LDH
By analyzing the relationship between SNP genotypes and clinical parameters in LDH (Table 6), we found 
that rs1582417 and rs7727115 different genotypes had significantly different IBIL levels (p = 0.026, p = 0.048, 
respectively). Similarly, the genotypes of rs17057846, rs2961920, and rs58747524 in LDH patients showed 
significantly different MON levels (p = 0.004, p = 0.026, and p = 0.021, respectively). Rs7727115 genotypes were 
significantly associated with RDW levels (p = 0.007). Besides, AA (2.094 ± 0.300 109/L) and AG genotypes 
(1.719 ± 0.069 109/L) in rs2431689 were related to an increased concentration of LYM in LDH patients compared 
with GG genotype (0.624 ± 0.035 109/L) (p = 0.042).

Impact of SNPs on gene expression (eQTLs)
We further evaluated each SNP’s expression loci (eQTLs) by GTEx. As shown in Fig. 3, we found that rs7727115 
(Fig. 3C) and rs2961920 (Fig. 3E) were significantly associated with mRNA expression of MIR3142HG. Whereas 
there were no significant associations between rs1582417, rs2431689, rs17057846, rs58747524 and MIR3142HG 
expression (Fig. 3A, B, D, F).

SNP ID Position
Alleles 
A/B Callrate

MAF

HWE-p HaploReg v4.2Case Control

rs1582417 5:159897501 A/G 99.9% 0.374 0.381 0.343 Promoter histone marks, Enhancer histone marks, DNAse, Proteins bound, Motifs 
changed, Selected eQTL hits

rs2431689 5:159899122 A/G 99.5% 0.164 0.151 1.000 Promoter histone marks, Enhancer histone marks, DNAse, Proteins bound, Motifs changed

rs7727115 5:159901739 T/G 99.5% 0.279 0.328 0.479 Promoter histone marks, Enhancer histone marks, DNAse, Motifs changed, Selected eQTL 
hits

rs17057846 5:159902313 A/G 99.9% 0.217 0.190 0.663 Promoter histone marks, Enhancer histone marks, DNAse, Selected eQTL hits

rs2961920 5:159911506 A/C 99.9% 0.465 0.397 0.926 Enhancer histone marks, Proteins bound, Motifs changed, GRASP eQTL hits

rs58747524 5:159911584 C/T 99.4% 0.275 0.231 0.614 Enhancer histone marks, Proteins bound

Table 2. Basic information of the selected SNPs in MIR3142HG. SNP: Single nucleotide polymorphism; HWE: 
Hardy–Weinberg equilibrium. p < 0.05 indicates statistical significance.
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Discussion
LDH is a degenerative disease that can lead to neuropathic symptoms such as spinal cord pain syndrome and 
nerve root ischemia 23. Evidence has shown that inflammation-related factors play an important role in LDH, 
can accelerate inflammation and disc formation, and ultimately deepen lumbar disc degeneration and pain 24. 
MIR3142HG, also known as the MIR3142 host gene, is located on human chromosome 5q33.3. Studies showed 

Fig. 1. Association of MIR3142HG polymorphisms with LDH susceptibility. SNP: Single nucleotide 
polymorphism; OR: Odds ratio; 95% CI: 95% confidence interval. p-values were calculated by logistic 
regression analysis with adjustments for age and gender. p < 0.05 indicates statistical significance.
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that MIR3142HG is abnormally expressed in lung fibroblasts induced by interleukin 1β (IL-1β), which plays an 
important role in inflammation regulation 14. Studies have reported that SNP can significantly influence gene 
expression 25,26. We speculate that MIR3142HG polymorphisms have some possible roles in the occurrence of 
LDH. In this study, we explored the relationship between the MIR3142HG polymorphism and LDH susceptibility 
in the Chinese Han population. We found that individuals carrying the T and TT genotype of rs7727115 in 
MIR3142HG had a reduced risk of developing LDH compared to the other genotypes, whereas rs17057846 
(G > A), rs2961920 (C > A), and rs58747524 (T > C) were associated with an increased susceptibility to LDH. 
To the best of our knowledge, this is the first study of MIR3142HG polymorphism in LDH, which can serve 
as potential genetic markers for LDH risk assessment, which may contribute to early diagnosis, personalized 
treatment strategies, and preventive measures for LDH patients.

Our study indicated that rs7727115 was associated with a reduced risk of LDH, and rs17057846, rs2961920, 
and rs58747524 were associated with an increased susceptibility to LDH. According to the present results, a 
previous study has demonstrated that rs17057846, rs2961920, and rs58747524 are significantly associated with 
an increased risk of glioma 27. Besides, rs7727115 could reduce the risk of steroid-induced osteonecrosis of the 
femoral head 20. These findings suggest that MIR3142HG polymorphisms have a crucial role in the progression 
of human diseases including LDH. Several studies have provided more and more evidence that intron SNPs can 
confer human diseases susceptibility by affecting gene expression 28–30. Here, we evaluated the impact of SNPs 
on the mRNA expression of MIR3142HG, we found that rs17057846 and rs2961920 were significantly associated 
with MIR3142HG expression. Besides, the possible functions of MIR3142HG SNPs were predicted and we found 
that rs17057846 could influence Promoter histone marks, Enhancer histone marks, DNAse, and Selected eQTL 
hits. Rs2961920 might be involved in Enhancer histone marks, Proteins bound, Motifs changed, and GRASP 
eQTL hits. Taken above, we speculated that MIR3142HG SNPs, especially rs17057846 and rs2961920 may 
affect gene expression and function, and then contribute to LDH development, which needs further study and 
confirmation.

Previously published studies have revealed that age is the risk factor for LDH, and the number of individuals 
diagnosed with symptomatic cervical and lumbar disc herniation increased with age 31–33. In this study, the 
mean age was 49 years in the case and control groups, thus we stratified by 49 years. Age-stratified analysis 
showed that rs7727115 reduced the risk of LDH in patients aged > 49 years, and rs17057846, rs2961920, and 
rs58747524 had a risk-increasing influence on the patients aged > 49 years, but not in aged ≤ 49 years. Similar to 
our results, rs9450607 in the Eyes Shut Homolog (EYS) gene was related to an increased risk of LDH in people 
aged ≥ 49 years, but not in those aged < 49 years 34. Additionally, rs6265, rs11030104, and rs10767664 in Brain-
Derived Neurotrophic Factor (BDNF) could significantly increase the risk of LDH in those aged > 50 years, but 
not in those aged ≤ 50 years 35. Rs77681114 polymorphism in Gasdermin C (GSDMC) protected LDH risk at 
age ≥ 49 years, but not at age < 49 years 36. To sum up, these findings indicated that the association between genetic 
polymorphisms and LDH susceptibility may depend on age. Gender is also another risk factor for LDH, and the 
incidence of LDH was higher in women than in men 32. When stratified by gender, we observed that rs17057846, 
rs2961920, and rs58747524 had a risk-increasing influence on LDH in females, but not in males. In consistent 
with our results, Zhu et al. found that Interleukin 1 Receptor Type 1 (IL1R1) rs956730 was statistically significant 
in LDH among males, but not in females 24. The MMP-3 gene rs591058 was related to an increased susceptibility 
to LDH in females, but not in males 37. Besides, rs1008993 was associated with increased LDH risk in males, 
but not in females 38. These results suggest that genetic susceptibility to LDH is influenced by gender. Besides, 
we found that rs7727115, rs2961920, rs2431689, and rs58747524 also were associated with the risk of severity of 
LDH and hernia levels. Taken above, our study given that the association of MIR3142HG polymorphisms and 
LDH risk may rely on age, gender, severity of LDH, and hernia levels, highlights the importance of considering 
heterogeneity in studies of the association between genetics and LDH.

MPV and RDW are important indicators for evaluating the inflammatory state and immune response of 
the body. Dagistan et al. found that MPV and RDW may be related to the occurrence of LDH 5. Our study 
showed that rs7727115 genotypes were significantly associated with RDW levels. Besides, AA and AG genotypes 
in rs2431689 were related to an increased concentration of LYM in LDH patients. We speculate that certain 
genotypes (such as rs 7727115 and rs 2431689) may influence the levels of these indicators, thereby affecting the 
immune response in LDH, which needed to be further validated.

Inevitably, the current study has some limitations. First, the present study focuses on the Chinese Han 
population, the association is needed to be verified in another ethnicity. Second, some potential risk factors, 
such as activity status and occupation, were not included in our analysis due to the limited information, which 
should be further evaluated in future studies. Third, our study is the basic research, the association between 
MIR3142HG polymorphisms and the expression of MIR3142HG need to be further investigated. Despite the 
above limitations, this is the first study to determine the impact of MIR3142HG polymorphisms on LDH risk.

Conclusion
This study indicated that rs2431689, rs7727115, rs17057846, rs2961920, and rs58747524 in MIR3142HG were 
significantly associated with LDH susceptibility in the Chinese population, which may serve as a new biomarker 
for prevention and diagnosis of LDH.

Scientific Reports |        2024 14:29542 8| https://doi.org/10.1038/s41598-024-80758-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


SN
P 

ID
M

od
el

G
en

ot
yp

e

D
is

c h
er

ni
at

io
n

D
is

c p
ro

la
ps

e
Si

ng
le

 h
er

ni
a

M
ul

tip
le

 h
er

ni
as

O
R

 (9
5%

C
I)

p
p 

(F
D

R
)

O
R

 (9
5%

C
I)

p
p 

(F
D

R
)

O
R

 (9
5%

C
I)

p
p 

(F
D

R
)

O
R

 (9
5%

C
I)

p
p 

(F
D

R
)

rs
15

82
41

7

al
le

le
G

1
1

1
1

A
1.

04
 (0

.7
7–

1.
41

)
0.

77
9

0.
77

9
0.

96
 (0

.7
9–

1.
17

)
0.

67
8

0.
67

8
1.

05
 (0

.8
2–

1.
35

)
0.

67
7

0.
67

7
0.

94
 (0

.7
6–

1.
18

)
0.

60
5

0.
72

6

co
do

m
in

an
t

G
/G

1
1

1
1

G
/A

0.
97

 (0
.6

2–
1.

52
)

0.
88

6
0.

88
6

0.
88

 (0
.6

5–
1.

18
)

0.
39

4
0.

39
4

0.
85

 (0
.5

8–
1.

24
)

0.
38

5
0.

57
7

0.
98

 (0
.7

1–
1.

36
)

0.
91

6
0.

91
6

A
/A

1.
17

 (0
.6

2–
2.

20
)

0.
62

6
0.

93
9

0.
97

 (0
.6

4–
1.

47
)

0.
88

8
0.

88
8

1.
26

 (0
.7

5–
2.

10
)

0.
38

3
0.

46
0

0.
85

 (0
.5

2–
1.

40
)

0.
53

1
0.

63
7

do
m

in
an

t
G

/G
1

1
1

1

G
/A

-A
/A

1.
01

 (0
.6

6–
1.

55
)

0.
96

2
0.

96
2

0.
90

 (0
.6

9–
1.

18
)

0.
45

5
0.

45
5

0.
93

 (0
.6

5–
1.

33
)

0.
69

8
0.

83
7

0.
95

 (0
.7

0–
1.

31
)

0.
77

1
0.

77
1

re
ce

ss
iv

e
G

/G
-G

/A
1

1
1

1

A
/A

1.
19

 (0
.6

7–
2.

13
)

0.
55

1
0.

82
7

1.
04

 (0
.7

1–
1.

53
)

0.
84

1
1.

00
9

1.
38

 (0
.8

6–
2.

20
)

0.
18

1
0.

54
2

0.
86

 (0
.5

4–
1.

37
)

0.
52

7
0.

63
2

lo
g-

ad
di

tiv
e

–
1.

05
 (0

.7
8–

1.
43

)
0.

73
5

0.
88

2
0.

96
 (0

.7
9–

1.
17

)
0.

66
4

0.
66

4
1.

06
 (0

.8
2–

1.
36

)
0.

67
7

0.
67

7
0.

94
 (0

.7
5–

1.
18

)
0.

59
6

0.
71

5

rs
24

31
68

9

al
le

le
G

1
1

1
1

A
1.

06
 (0

.7
1–

1.
59

)
0.

76
9

0.
92

2
1.

12
 (0

.8
7–

1.
45

)
0.

37
7

0.
45

2
1.

35
 (0

.9
8–

1.
85

)
0.

06
2

0.
12

3
0.

95
 (0

.7
0–

1.
29

)
0.

74
4

0.
74

4

co
do

m
in

an
t

G
/G

1
1

1
1

G
/A

1.
04

 (0
.6

5–
1.

67
)

0.
87

4
1.

04
8

1.
16

 (0
.8

6–
1.

57
)

0.
32

4
0.

38
9

1.
50

 (1
.0

3–
2.

18
)

0.
03

4
0.

20
7

0.
89

 (0
.6

3–
1.

28
)

0.
54

1
0.

64
9

A
/A

1.
27

 (0
.3

4–
4.

67
)

0.
72

0
0.

86
4

1.
09

 (0
.4

5–
2.

68
)

0.
84

5
1.

01
4

1.
19

 (0
.3

7–
3.

85
)

0.
77

1
0.

77
1

1.
17

 (0
.4

4–
3.

08
)

0.
75

1
0.

75
1

do
m

in
an

t
G

/G
1

1
1

1

G
/A

-A
/A

1.
06

 (0
.6

7–
1.

67
)

0.
81

1
0.

97
3

1.
16

 (0
.8

6–
1.

55
)

0.
32

6
0.

39
1

1.
48

 (1
.0

2–
2.

13
)

0.
03

8
0.

11
3

0.
92

 (0
.6

5–
1.

29
)

0.
62

3
0.

74
7

re
ce

ss
iv

e
G

/G
-G

/A
1

1
1

1

A
/A

1.
26

 (0
.3

4–
4.

60
)

0.
73

0
0.

87
6

1.
05

 (0
.4

3–
2.

56
)

0.
91

7
0.

91
7

1.
05

 (0
.3

3–
3.

39
)

0.
92

9
0.

92
9

1.
20

 (0
.4

6–
3.

15
)

0.
70

8
0.

70
8

lo
g-

ad
di

tiv
e

–
1.

07
 (0

.7
1–

1.
59

)
0.

75
4

0.
75

4
1.

13
 (0

.8
7–

1.
46

)
0.

36
6

0.
43

9
1.

37
 (0

.9
9–

1.
89

)
0.

05
9

0.
11

9
0.

95
 (0

.7
0–

1.
29

)
0.

75
0

0.
75

0

rs
77

27
11

5

al
le

le
G

1
1

1
1

T
0.

80
 (0

.5
8–

1.
11

)
0.

18
4

1.
10

2
0.

79
 (0

.6
4–

0.
97

)
0.

02
2

0.
04

4
0.

75
 (0

.5
7–

0.
99

)
0.

03
9

0.
11

7
0.

78
 (0

.6
1–

0.
98

)
0.

03
6

0.
07

1

co
do

m
in

an
t

G
/G

1
1

1
1

G
/T

0.
80

 (0
.5

2–
1.

23
)

0.
30

8
0.

92
3

0.
80

 (0
.6

0–
1.

05
)

0.
10

8
0.

21
6

0.
75

 (0
.5

2–
1.

08
)

0.
12

2
0.

24
4

0.
80

 (0
.5

8–
1.

10
)

0.
16

2
0.

32
3

T/
T

0.
63

 (0
.2

8–
1.

40
)

0.
25

4
0.

76
2

0.
59

 (0
.3

5–
0.

98
)

0.
04

2
0.

12
6

0.
56

 (0
.2

8–
1.

12
)

0.
10

1
0.

30
2

0.
54

 (0
.2

9–
0.

98
)

0.
04

3
0.

13
0

do
m

in
an

t
G

/G
1

1
1

1

G
/T

-T
/T

0.
77

 (0
.5

1–
1.

16
)

0.
21

0
0.

63
2

0.
76

 (0
.5

8–
0.

99
)

0.
04

2
0.

08
5

0.
72

 (0
.5

1–
1.

02
)

0.
06

1
0.

12
2

0.
75

 (0
.5

5–
1.

02
)

0.
06

4
0.

12
8

re
ce

ss
iv

e
G

/G
-G

/T
1

1
1

1

T/
T

0.
70

 (0
.3

2–
1.

52
)

0.
36

5
1.

09
5

0.
66

 (0
.4

0–
1.

08
)

0.
09

4
0.

28
2

0.
64

 (0
.3

2–
1.

26
)

0.
19

3
0.

29
0

0.
60

 (0
.3

3–
1.

07
)

0.
08

5
0.

51
0

lo
g-

ad
di

tiv
e

–
0.

79
 (0

.5
7–

1.
10

)
0.

17
0

1.
02

0
0.

78
 (0

.6
3–

0.
96

)
0.

02
0

0.
04

1
0.

75
 (0

.5
7–

0.
99

)
0.

04
2

0.
12

7
0.

76
 (0

.6
0–

0.
97

)
0.

02
8

0.
08

3

rs
17

05
78

46

al
le

le
G

1
1

1
1

A
1.

19
 (0

.8
3–

1.
70

)
0.

34
0

0.
50

9
1.

18
 (0

.9
4–

1.
49

)
0.

15
9

0.
23

9
1.

09
 (0

.8
0–

1.
47

)
0.

58
4

0.
70

0
1.

25
 (0

.9
6–

1.
62

)
0.

09
9

0.
14

9

co
do

m
in

an
t

G
/G

1
1

1
1

G
/A

1.
25

 (0
.8

1–
1.

93
)

0.
32

0
0.

64
0

1.
17

 (0
.8

8–
1.

56
)

0.
28

0
0.

42
0

1.
02

 (0
.7

0–
1.

48
)

0.
92

3
0.

92
3

1.
29

 (0
.9

3–
1.

78
)

0.
12

2
0.

36
5

A
/A

1.
20

 (0
.3

9–
3.

72
)

0.
75

1
0.

75
1

1.
47

 (0
.7

3–
2.

97
)

0.
28

4
0.

42
6

1.
50

 (0
.6

2–
3.

62
)

0.
36

9
0.

55
4

1.
48

 (0
.6

7–
3.

29
)

0.
33

1
0.

49
6

do
m

in
an

t
G

/G
1

1
1

1

G
/A

-A
/A

1.
24

 (0
.8

1–
1.

90
)

0.
31

4
0.

62
7

1.
20

 (0
.9

1–
1.

58
)

0.
19

9
0.

29
8

1.
06

 (0
.7

4–
1.

52
)

0.
74

5
0.

74
5

1.
31

 (0
.9

6–
1.

79
)

0.
09

1
0.

13
7

re
ce

ss
iv

e
G

/G
-G

/A
1

1
1

1

A
/A

1.
11

 (0
.3

6–
3.

40
)

0.
85

5
0.

85
5

1.
39

 (0
.6

9–
2.

79
)

0.
35

2
0.

70
4

1.
49

 (0
.6

2–
3.

57
)

0.
37

2
0.

44
6

1.
36

 (0
.6

2–
2.

98
)

0.
44

7
0.

67
1

lo
g-

ad
di

tiv
e

–
1.

19
 (0

.8
3–

1.
71

)
0.

35
0

0.
70

0
1.

19
 (0

.9
4–

1.
05

)
0.

15
7

0.
23

5
1.

10
 (0

.8
0–

1.
49

)
0.

56
3

0.
67

6
1.

26
 (0

.9
7–

1.
65

)
0.

08
8

0.
13

2

C
on

tin
ue

d

Scientific Reports |        2024 14:29542 9| https://doi.org/10.1038/s41598-024-80758-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


SN
P 

ID
M

od
el

G
en

ot
yp

e

D
is

c h
er

ni
at

io
n

D
is

c p
ro

la
ps

e
Si

ng
le

 h
er

ni
a

M
ul

tip
le

 h
er

ni
as

O
R

 (9
5%

C
I)

p
p 

(F
D

R
)

O
R

 (9
5%

C
I)

p
p 

(F
D

R
)

O
R

 (9
5%

C
I)

p
p 

(F
D

R
)

O
R

 (9
5%

C
I)

p
p 

(F
D

R
)

rs
29

61
92

0

al
le

le
C

1
1

1
1

A
1.

20
 (0

.8
9–

1.
61

)
0.

23
0

0.
68

9
1.

36
 (1

.1
2–

1.
64

)
0.

00
2

0.
01

0
1.

44
 (1

.1
3–

1.
83

)
0.

00
4

0.
02

2
1.

27
 (1

.0
2–

1.
57

)
0.

03
3

0.
09

9

co
do

m
in

an
t

C
/C

1
1

1
1

C
/A

1.
31

 (0
.8

2–
2.

10
)

0.
26

3
1.

58
0

1.
32

 (0
.9

7–
1.

79
)

0.
07

5
0.

22
6

1.
49

 (0
.9

9–
2.

25
)

0.
05

4
0.

16
3

1.
28

 (0
.9

1–
1.

81
)

0.
16

1
0.

32
3

A
/A

1.
40

 (0
.7

6–
2.

59
)

0.
28

6
0.

57
1

1.
86

 (1
.2

6–
2.

74
)

0.
00

2
0.

01
0

2.
07

 (1
.2

5–
3.

43
)

0.
00

5
0.

03
0

1.
63

 (1
.0

4–
2.

53
)

0.
03

2
0.

19
3

do
m

in
an

t
C

/C
1

1
1

1

C
/A

-A
/A

1.
33

 (0
.8

5–
2.

08
)

0.
21

1
0.

63
2

1.
45

 (1
.0

9–
1.

94
)

0.
01

1
0.

03
3

1.
63

 (1
.1

1–
2.

40
)

0.
01

3
0.

08
0

1.
37

 (0
.9

9–
1.

90
)

0.
06

1
0.

18
4

re
ce

ss
iv

e
C

/C
–C

/A
1

1
1

1

A
/A

1.
19

 (0
.6

9–
2.

05
)

0.
52

8
1.

05
7

1.
58

 (1
.1

2–
2.

21
)

0.
00

9
0.

05
3

1.
61

 (1
.0

5–
2.

48
)

0.
03

1
0.

18
4

1.
40

 (0
.9

5–
2.

08
)

0.
09

0
0.

27
1

lo
g-

ad
di

tiv
e

–
1.

20
 (0

.8
9–

1.
62

)
0.

23
0

0.
68

9
1.

36
 (1

.1
2–

1.
64

)
0.

00
2

0.
01

0
1.

44
 (1

.1
2–

1.
85

)
0.

00
4

0.
02

5
1.

03
 (1

.0
3–

1.
59

)
0.

02
9

0.
05

7

rs
58

74
75

24

al
le

le
T

1
1

1
1

C
1.

18
 (0

.8
4–

1.
65

)
0.

33
6

0.
67

3
1.

29
 (1

.0
4–

1.
61

)
0.

01
9

0.
05

7
1.

21
 (0

.9
2–

1.
60

)
0.

17
3

0.
25

9
1.

36
 (1

.0
7–

1.
73

)
0.

01
3

0.
07

9

co
do

m
in

an
t

T/
T

1
1

1
1

T/
C

0.
96

 (0
.6

1–
1.

50
)

0.
84

2
1.

26
3

1.
41

 (1
.0

7–
1.

86
)

0.
01

4
0.

08
7

1.
14

 (0
.7

9–
1.

64
)

0.
48

0
0.

57
6

1.
49

 (1
.0

8–
2.

05
)

0.
01

4
0.

08
4

C
/C

1.
93

 (0
.8

7–
4.

25
)

0.
10

4
0.

62
3

1.
46

 (0
.8

0–
2.

65
)

0.
22

1
0.

44
1

1.
70

 (0
.8

2–
3.

49
)

0.
15

2
0.

30
3

1.
69

 (0
.8

7–
3.

27
)

0.
11

9
0.

23
8

do
m

in
an

t
T/

T
1

1
1

1

T/
C

–C
/C

1.
07

 (0
.7

0–
1.

63
)

0.
75

6
1.

13
4

1.
42

 (1
.0

9–
1.

85
)

0.
01

1
0.

06
3

1.
20

 (0
.8

5–
1.

71
)

0.
29

6
0.

44
5

1.
51

 (1
.1

1–
2.

05
)

0.
00

8
0.

04
8

re
ce

ss
iv

e
T/

T-
T/

C
1

1
1

1

C
/C

1.
96

 (0
.9

1–
4.

24
)

0.
08

7
0.

52
3

1.
26

 (0
.7

0–
2.

26
)

0.
44

7
0.

67
1

1.
61

 (0
.7

9–
3.

26
)

0.
18

7
0.

37
4

1.
42

 (0
.7

5–
2.

71
)

0.
28

3
0.

56
7

lo
g-

ad
di

tiv
e

–
1.

17
 (0

.8
4–

1.
64

)
0.

35
7

0.
53

5
1.

32
 (1

.0
5–

1.
65

)
0.

01
6

0.
04

7
1.

22
 (0

.9
2–

1.
62

)
0.

17
2

0.
25

9
1.

40
 (1

.0
9–

1.
79

)
0.

00
9

0.
05

7

Ta
bl

e 
4.

 Th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

SN
Ps

 a
nd

 L
D

H
 st

ra
tifi

ed
 b

y 
se

ve
rit

y 
of

 lu
m

ba
r d

isc
 h

er
ni

at
io

n 
an

d 
he

rn
ia

 le
ve

ls.
 S

N
P:

 S
in

gl
e 

nu
cl

eo
tid

e 
po

ly
m

or
ph

ism
; O

R:
 O

dd
s r

at
io

; 9
5%

 C
I: 

95
%

 co
nfi

de
nc

e 
in

te
rv

al
; F

D
R:

 F
al

se
 d

isc
ov

er
y 

ra
te

. p
 <

 0.
05

 in
di

ca
te

s S
N

P 
w

ith
 st

at
ist

ic
al

 si
gn

ifi
ca

nc
e. 

Th
e 

hi
gh

lig
ht

ed
 in

 b
ol

d 
re

pr
es

en
t s

ig
ni

fic
an

t a
ss

oc
ia

tio
n.

 

Scientific Reports |        2024 14:29542 10| https://doi.org/10.1038/s41598-024-80758-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Fig. 2. The tree diagram analysis of SNP interaction. Values in nodes represent the information gains of 
individual attribute (main effects). Values between nodes are information gains of each pair of attributes 
(interaction effects). The brown with positive percent entropy represents a moderate level of synergy on the 
phenotype. The green and blue with negative values indicate redundancy or lack of synergy between the SNPs.

 

Model Training Bal. Acc Testing Bal. Acc.b CVC

rs2961920 0.5391 0.5159 6/10

rs2431689, rs58747524 0.5487 0.5145 7/10

rs2431689, rs2961920, rs58747524 0.5568 0.5034 5/10

rs1582417,rs7727115, rs2961920, rs58747524 0.5660 0.4880 4/10

rs1582417, rs7727115, rs17057846, rs2961920, rs58747524 0.5754 0.5036 5/10

rs1582417, rs2431689, rs7727115, rs17057846, rs2961920, rs58747524 0.5802 0.5149 10/10

Table 5. SNP–SNP interaction models of the MIR3142HG gene analyzed by the GMDRa. a Whole dataset 
statistics: Training Balanced Accuracy, 0.5782; Training Accuracy, 0.5782; Training Sensitivity, 0.5302; Training 
Specificity, 0.6261; Training Odds Ratio, 1.8899 (1.3227, 2.7003); Training χ2 (P), 12.3300 (p = 0.0004); 
Training Precision, 0.5860; Training Kappa, 0.1563; Training F-Measure, 0.5567. GMDR: Generalized 
Multifactor dimensionality reduction; Bal. Acc: Balanced accuracy; CVC: Cross‐validation consistency.
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