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Abstract 

Purpose  To investigate the relationship between dyslipidemia and intervertebral disc degeneration (IVDD). 

Methods  A total of 269 patients with lumbar disc herniation (Grade III–VIII using the modified Pfirrmann Grading 
Systems and Total End Plate Damage Score (TEPS) III–VI grade) and 269 patients with lumbar vertebral fracture (LVF, 
Grade I–II using the modified Pfirrmann Grading Systems and TEPS I–II grade) were enrolled in this study. The total 
cholesterol level (TC), low-density lipoprotein-cholesterol level (LDL-C), triglyceride level (TG), high-density lipopro-
tein-cholesterol level (HDL-C), nonHDL-C, ApoB level, ApoB A1 level and arteriosclerosis index (AI) were measured. The 
269 patients with single-level LDH who underwent surgery were assigned to the disc herniation group (DH) and 269 
patients who underwent surgical treatment for lumbar vertebral fracture during the same period were enrolled 
as the control group. The participants in the control group were selected randomly and matched for sex.

Results  The analysis revealed that the levels of TC, TG, LDL, nonHDL-C, APOB, and APOA1 in patients with LDH were 
significantly higher compared with those in the controls. The proportion of high-TC, borderline high-total choles-
terol, high LDL-C, high-TG, borderline high LDL-C, high APO B, high arteriosclerosis index (AI), and high-ApoB/ApoA1 
in the LDH group was significantly higher relative to that of the control group. The ratio of TC/HDL-C, TG/HDL-C, 
LDL-C/HDL-C, nonHDL-C/HDL-C, and ApoB/ApoA1 in the LDH group was significantly higher compared with that of 
the control group. Multivariate logistic regression analysis showed that the levels of serum TG, Apo B/ApoA1 ratio, 
atherogenic index(AI), labour intensity, and age were positively associated with the risk of LDH and were independent 
risk factors predicting IVDD development.

Conclusion  Overall, this study indicates that age, labour intensity, TG, ApoB/ApoA1 ratio and atherogenic index (AI) 
may increase the risk of IVDD. The levels of TC, TG, LDL-C, nonHDL-C, Apo B, and atherogenic index (AI) may be related 
to the degree of cartilage endplate (CEP) and intervertebral disc degeneration (IVDD). Moreover, dyslipidemia may be 
a useful predictor of IVDD.
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Introduction
Low back pain (LBP) is a highly disabling disease affect-
ing about 70–80% of people worldwide. In previous 
studies, intervertebral disc degeneration (IVDD) was 
found to be strongly associated with low back pain [1]. 
Numerous factors contribute to the pathogenesis of 
IVDD, including metabolic disorders, mechanisms, 
nutritional deficiencies, and oxidative stress. However, 
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the specific mechanisms underlying the pathogenesis 
of IVDD remain unknown [2]. Lumbar disc herniation 
(LDH) is the most common imaging manifestation of 
IVDD. Symptomatic LDH often leads to low back pain 
and sciatica syndrome, which are the main causes of dis-
ability and necessitate surgical treatment [3]. In addition, 
IVDD is primarily caused by inadequate blood supply to 
the spine. Many studies have demonstrated that the inci-
dence of IVDD is associated with the development of 
ischemic cardiovascular disease [4–6]. Among the factors 
contributing to ischemic cardiovascular disease, includ-
ing dyslipidemia and metabolic disorders [7]. Whether 
dyslipidemia increases the risk of IVDD is not well 
understood.

It has been reported that dyslipidemia and atheroscle-
rosis (AS) contribute to the development of IVDD [8, 9]. 
A positive correlation has been found between sciatica 
and total cholesterol, LDL-C, as well as triglyceride lev-
els [10]. A series of studies have also shown that levels 
of Triglyceride, TG, LDL-cholesterol, APO B, and lipo-
protein contribute to the occurrence of LDH [8–10]. In 
2016, the Joint Committee of Guidelines for the Preven-
tion and Treatment of Dyslipidemia in Chinese Adults 
reported that the overall prevalence of dyslipidemia in 
Chinese adults was 40.4%. They predicted that the preva-
lence of dyslipidemia and related disease burden among 
Chinese adults is expected to increase [11]. Moreover, 
dyslipidemia in Chinese adults and non-high-density 
lipoprotein (nonHDL-C) were predicted to be important 
risk factors of cardiovascular disease [11]. NonHDL-C 
and nonHDL-C/HDL-C (high-density lipoprotein) are 
now being studied in relation to their role in dyslipidemia 
development [12]. The level of nonHDL-C and the ratio 
of non-HDL-C/HDL-C are independent risk factors of 
osteoarthritis and AS [12–14]. However, the association 
of nonHDL-C and nonHDL-C/HDL-C ratios with IVDD 
is not clear. Intervertebral disc (IVD) is a non-vascular 
tissue composed of nucleus pulposus, annulus fibrosus, 
and cartilage endplate (CEP) [15]. CEP degeneration is 

closely related to IVDD. However, the possible interplay 
between blood lipid levels and IVDD remains elusive.

This was a cross-sectional case–control study based 
on frequency matching. Clinical data were collected to 
analyze serum lipid levels and compare lipoprotein levels 
among the groups.

Materials and methods
This study was approved by the Third Hospital of Mian-
yang Ethical Committee and all participants provided 
written informed consent. This study conformed to the 
Declaration of Helsinki.

A total of 538 patients were enrolled in our study at our 
institution (January 2017–November 2022). The patients 
were assigned into groups as follows: Group 1 (disc her-
niation, DH group); comprising 269 patients with LDH 
(176 men and 93 women; mean age: 45.57 ± 9.08  years, 
range 20–59), with single-level lumbar disc hernia-
tion (LDH, Table  1), Group 2 (control group); compris-
ing 269 patients (176 men and 93 women; mean age: 
47.04 ± 8.87 years, range 17–59), who underwent surgery 
for fractures of the spine (TEPS and Pfirrmann Grad-
ing Systems of Grade I or II) [16, 17, 33]. A frequency 
matching was performed between LDH patients and the 
patients in the control group based on gender (Table 1). 
This study was performed in accordance with the Decla-
ration of Helsinki.

Inclusion and exclusion criteria
The inclusion criteria for LDH group were: single seg-
ment lumbar disc herniation; single nerve palsy or 
cauda equina palsy; presented with classical symptoms; 
neurologic impairment symptoms; bladder or rectal 
disturbance; magnetic resonance imaging (MRI) signs 
of herniated disc; refractory nerve root pain due to 
ineffective systemic conservative treatment. Those with 
recurring or worsening symptoms during conservative 
treatment were also included. MRI assessment of IVDD 
was Grade III or VIII using the modified Pfirrmann 

Table 1  Baseline characteristics of participants (N = 538)

BMI body mass index

Variables Disc herniation (n = 269) Control group (n = 269) P value

Gender 176 (Male)/93 (Female) 176 (Male)/93 (Female)

Age (years) 45.57 ± 9.08 (20–59) 47.04 ± 8.87 (17–59) 0.058

BMI (kg/m2) 24.25 ± 3.17 (16.53–33.80) 24.09 ± 2.64 (18.03–31.25) 0.529

Smoking 29.37 25.28 0.333

Labour intensity 0.507

Light (%) 27.88 31.97

Moderate (%) 39.03 34.94

Heavy (%) 33.08 33.09
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Grading Systems and Total End Plate Damage Score 
III–VI grade (the classification of cartilage endplate 
and intervertebral disc degeneration was determined 
according to the average grade of each segment of L3/4, 
L4/5, and L5/S1).The exclusion criteria for the LDH 
group were: lumbar spinal stenosis, spondylolisthesis, 
multiple intervertebral disc herniations, spinal tumor, 
and history of spinal trauma. These patients had no 
intervertebral space infection or history of previous 
lumbar disc surgery.

The inclusion criteria for the control group were: 
clinical and imaging diagnosis of spinal fractures; MRI 
assessment of IVDD was Grade I or II using the modi-
fied Pfirrmann Grading Systems and Total End Plate 
Damage Score (the classification of cartilage endplate 
and intervertebral disc degeneration was determined 
according to the average grade of each segment of L3/4, 
L4/5 and L5/S1). The excluded criteria for the control 
group were: history of spinal disorders, trauma, and 
low back pain; previous surgery on the affected lumbar 
disc. In both groups, participants who had undergone 
operations on the spine, infectious diseases, autoim-
mune disease, hypertension, coronary heart disease or 
diabetes were excluded.

Collection of blood samples
After fasting for 8 h, blood samples were collected from 
each eligible patient between 07.00 and 07.30 am. Fresh 
blood samples were collected into tubes of 5  ml each 
(Vacutainer System, Becton–Dickinson, NJ, USA). The 
samples were centrifuged at 3,500 rpm for 10 min. The 
supernatant was filtered and collected for further anal-
ysis using CIBA Corning 550 Express Auto to measure 
total cholesterol, LDL-C, triglycerides, and HDL-C 
(SIEMENS AG, Erlangen, Germany).

Hierarchical criteria of lipid levels
Dyslipidemia was determined in line with the 2016 
Chinese Guidelines for the Prevention and Treat-
ment of Dyslipidemia in Adults as follows: high-
TC ≥ 6.2  mmol/L and borderline high-TC ≥ 5.2 
and < 6.2  mmol/L; high-TG ≥ 2.3  mmol/L and bor-
derline high-TG ≥ 1.70 and < 2.3  mmol/L; high-LDL-
C ≥ 4.1  mmol/L and borderline high LDL-C ≥ 3.4 
and < 4.1  mmol/L; high-nonHDL-C ≥ 4.9  mmol/L, bor-
derline high nonHDL-C ≥ 4.1 and < 4.9  mmol/L; low 
HDL-C for levels < 1.0  mmol/L; Apo B levels between 
0.8 and 1.1 g/L; Apo A1 levels between 1.2 and 1.6 g/L; 
In the male participants, Apo B/Apo A1 was of 0.87, 
whereas in female participants, it was 0.65; and the ath-
erogenic index(AI) ≥ 4.

Imaging diagnosis
In this study, the spines of patients were examined using 
a 3.0 T MRI scanner. The evaluation of IVDD was done 
using T2-weighted images from L1 to S1 by two spine 
surgeons who had no prior knowledge of the study. The 
degree of IVDD was assessed using the modified Pfir-
rmann grading system on MRIs. The severity of dam-
age in the CEP was evaluated using T1-weighted images 
and classified into six types, based on which a score was 
assigned to CEP. To calculate the "Total End Plate Dam-
age Score (TEPS)" for each disc, both endplate scores 
were added together, taking into account the severity of 
CEPD [18].

Statistical analysis
Using two-sample unpaired t-tests, continuous variables 
were expressed as mean ± standard deviation. Chi-square 
test was used to analyze categorical variables, which were 
expressed as percentages. Before statistical analysis, we 
checked the normality of continuous variables. All statis-
tical analyses were conducted using SPSS (Version 20.0). 
According to the normal distribution test, all continu-
ous variables in this study are normal. The adjustment 
for multiple comparisons was conducted in the study. A 
statistically significant difference was defined by P < 0.001 
after adjusting for multiple comparisons (P < 0.001). The 
effects of blood lipids on symptomatic LDH were deter-
mined using multivariate logistic regression analysis. The 
Odds ratio (OR) and 95% confidence interval were used 
as effect indicators. The correlation data were analyzed 
using Spearman’s correlation analysis. A P value of less 
than 0.05 indicates statistical significance.

Results
Characteristics of the enrolled patients
In Table  1, the study population was divided into two 
groups. The disc herniation (DH) group included 269 
subjects (176 men and 93 women), 45.57 ± 9.08 years with 
a BMI of 24.25 ± 3.17 kg/m2. The control group included 
269 subjects (176 men and 93 women), 47.04 ± 8.87 years 
with a BMI of 24.09 ± 2.64  kg/m2. There was no signifi-
cant difference in age, gender, BMI, smoking, and labour 
intensity between the two groups.

The DH group exhibited significantly elevated levels 
of total cholesterol, TG, LDL‑C, non‑HDL‑C, Apo B, ApoA1, 
and atherogenic index
In both groups, serum levels of total cholesterol, TG, 
LDL-C, non-HDL-C, Apo B, ApoA1, and atherogenic 
index were measured (Table  2). The levels of TC in the 
symptomatic LDH group, TG, LDL-C, non-HDL-C, Apo 
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B, Apo A1, and atherogenic index were higher compared 
with levels in the control group. There was no significant 
difference in HDL-C between the two groups (P = 0.057).

The frequency of dyslipidemia was enhanced in patients 
with LDH
In Table  3, the prevalence of high-total choles-
terol (TC), high triglyceride (TG), high LDL-C, high 

nonHDL-C, low ApoA1 and low HDL-C in the LDH 
group was 5.58, 15.58, 5.95, 5.58, 31.97, and the inci-
dence for the control group was 1.86, 9.29, 4.38, 1.86, 
40.89, and 29%, respectively. Further analysis showed 
that high-ApoB, high A1, and high-ApoB/ApoA1 ratio 
were significantly higher in the DH group compared 
to the control group. For the 269 patients in the DH 
group, borderline High-TC was 47 (17.47%), borderline 
High-TG was 38 (14.13%), borderline High-LDL-C was 
60 (22.30%) compared to 12 (4.46%), 35 (13.11%), and 
17 (6.20%) in the control group, respectively. Patients 
in the DH group had a significantly higher incidence 
of borderline High-TC and borderline High-LDL-C 
compared to those in the control group. Notably, the 
incidence of borderline High-TG was not significantly 
different between the two groups (P = 0.401). Analysis 
of the 269 patients with DH showed that 32 (11.90%) 
had borderline High-nonHDL-C compared to 8 
(2.97%) patients in the control group. The difference in 
the frequency of borderline High-nonHDL-C between 
the two groups was significant.

The nonHDL‑C/HDL‑C, Triglyceride/HDL‑C, ApoB/ApoA1, 
LDL‑C/HDL‑C, and Total Cholesterol/HDL‑C ratios were 
elevated in the DH group
In DH group, the ratio of total cholesterol/HDL-C, tri-
glyceride/HDL-C, LDL-C/HDL-C, nonHDL-C/HDL-C, 
and ApoB/ApoA1 was 3.96 ± 1.14, 1.65 ± 1.53, 2.50 ± 0.89, 
2.96 ± 1.14, and 0.72 ± 0.22, the ratio for the control group 
was 3.59 ± 1.06, 1.32 ± 1.12, 2.17 ± 0.84, 2.59 ± 1.06, and 
0.67 ± 0.19, respectively. This study showed that the ratios 
of total cholesterol/HDL-C,triglyceride/HDL-C,ApoB/
ApoA1,LDL-C/HDL-C, and nonHDL-C/HDL-C were sig-
nificantly higher in the DH group compared to the control 
group (Fig. 1).

Table 2  The concentrations of serum lipids and lipoproteins in the two groups (mmol/L)

TC Total Cholesterol, TG Triglyceride, LDL-C Low-density lipoprotein-cholesterol, HDL-C High-density lipoprotein-cholesterol level, nonHDL-C Non-high-density 
lipoprotein-cholesterol, ApoB Apolipoprotein B, ApoB A1 Apolipoprotein A1,***P < 0.001

Serum lipids Disc herniation Control group t value P value

TC (mmol/L) 4.67 ± 0.88 4.05 ± 0.84 8.379  < 0.001***

TG (mmol/L) 1.78 ± 1.17 1.38 ± 0.88 4.435  < 0.001***

LDL-C (mmol/L) 2.93 ± 0.81 2.43 ± 0.77 7.738  < 0.001***

HDL-C (mmol/L) 1.25 ± 0.34 1.19 ± 0.32 1.910 0.057

nonHDL-C (mmol/L) 3.42 ± 0.85 2.85 ± 0.80 3.970  < 0.001***

ApoB (g/L) 0.93 ± 0.21 0.82 ± 0.21 6.235  < 0.001***

ApoA1 (g/L) 1.33 ± 0.24 1.25 ± 0.23 3.970  < 0.001***

Atherogenic index (%) 2.96 ± 1.14 2.59 ± 1.06 3.963  < 0.001***

Table 3  Incidence of dyslipidemia in the two groups

TC Total Cholesterol, TG Triglyceride, LDL-C Low-density lipoprotein-Cholesterol, 
HDL-C High-density lipoprotein-cholesterol level, nonHDL-C Non-high-density 
Lipoprotein Cholesterol, ApoB Apolipoprotein B, ApoB A1 Apolipoprotein 
A1,*P < 0.5,***P < 0.001

Serum lipids Disc herniation (%) Control N (%) P value

TC

 5.2 ~ 6.2 mmol/L 47 (17.47) 12 (4.46)  < 0.001***

  ≥ 6.2 mmol/L 15 (5.58) 5 (1.86) 0.019*

TG

 1.7 ~ 2.3 mmol/L 38 (14.13) 35 (13.01) 0.401

  ≥ 2.3 mmol/L 65 (24.16) 25 (9.29)  < 0.001***

LDL-C

 3.4 ~ 4.1 mmol/L 60 (22.30) 17 (6.20) 0.033*

  ≥ 4.1 mmol/L 16 (5.95) 5 (4.38) 0.012*

nonHDL-C

 4.1 ~ 4.9 mmol/L 32 (11.90) 8 (2.97)  < 0.001***

  ≥ 4.9 mmol/L 15 (5.58) 5 (1.86) 0.019*

HDL-C (mmol/L)

  < 1.0 mmol/L 59 (21.93) 78 (29.00) 0.037*

ApoA1

  < 1.2 g/L 86 (31.97) 110 (40.89) 0.020*

ApoB

  ≥ 1.1 g/L 55 (20.45) 21 (7.81)  < 0.001***

Atherogenic index (%)

  ≥ 4 46 (17.10%) 21 (7.81%) 0.025*

ApoB/ApoA1

  > 0.65 or > 0.87 143 (53.16) 73 (27.14)  < 0.001***
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Abnormal serum lipids were correlated with intervertebral 
disc degeneration (IVDD)
To analyze the relationship between IVDD, we investi-
gated the correlation between them. Figure  2 illustrates 

that the degree of IVDD was significantly correlated 
with elevated LDL-C, total cholesterol, TG, nonHDL-C, 
Apo B, and atherogenic index. The results showed that 
higher levels of LDL-C, total cholesterol, triglyceride, 

Fig. 1  Lipoprotein ratios in the two groups. The ratios of TC/HDL-C, TG/HDL-C, LDL-C/HDL-C, nonHDL-C/HDL-C and ApoB/ApoA1 were significantly 
higher in the DH group compared with the control group, *p < 0.01 and **p < 0.001

Fig. 2  The degree of IVDD was positively correlated with serum lipid abnormalities



Page 6 of 10Tan et al. European Journal of Medical Research          (2025) 30:194 

nonHDL-C, apolipoprotein B and atherogenic index 
were associated with IVDD.

Abnormal serum lipids were correlated with CEP 
degeneration
To analyze the relationship between LDH and CEP 
degeneration (Total End Plate Damage Score, TEPS), 
we investigated the correlation between them. Figure  3 
illustrates that the degree of CEP degeneration was sig-
nificantly correlated with elevated LDL-C, total choles-
terol, TG, nonHDL-C, Apo B, and atherogenic index (R2 
LDL-C = 0.05915, P < 0.001; R2TC = 0.0745, P < 0.0001; R2 
TG = 0.01923, P = 0.0229; R2 Apo B = 0.08841, P < 0.001; 
R2 nonHDL-C = 0.08456, P < 0.008; R2 atherogenic 
index = 0.04007, P = 0.01). In addition, higher levels of 
LDL-C, total cholesterol, triglyceride, nonHDL-C, apoli-
poprotein B and atherogenic index were associated with 
CEP degeneration.

Patients with elevated levels of age, labour intensity, 
TG, Apo B/ApoA1 ratio and atherogenic index (AI) had 
an increased risk of IVDD
In the preliminary phase of our study, we conducted 
a multicollinearity assessment on the initial dataset 
(n = 538), to ensure the reliability and stability of our 
subsequent predictive model. We conducted Spearman 
correlation analysis to identify and eliminate highly cor-
related features (BMI, ApoA1, ApoB, smoking, nonHDL, 

gender, LDLHDL, TCHDL, TGHDL, and nonHDLHDL), 
aiming to mitigate the impact of multicollinearity (Fig. 4). 
Subsequently, we conducted a multivariate logistic 
regression analysis to examine the associations between 
various risk factors and the incidence of IVDD (Fig.  5). 
The analysis revealed that TG, labour intensity, and the 
arteriosclerosis index were positively correlated with an 
increased risk of IVDD, with OR values of 1.4284 (95% 
CI 1.04161, 1.96), 1.4668 (95% CI 1.08206, 1.99), and 
1.3666 (95% CI 1.11323, 1.68), respectively. Conversely, 
age and the ApoB/ApoA1 exhibited negative correlations 
with the risk of IVDD, with OR values of 0.9653 (95% CI 
0.96302, 0.99) and 0.0054 (95% CI 0.00012, 0.24).

Discussion
Currently, the pathophysiology of IVDD is not well 
understood [19]. This study demonstrates that the patho-
mechanism of IVDD mainly involves abnormal mechani-
cal load, lack of nutritional supply, metabolic disorders, 
cell senescence, apoptosis, matrix metalloproteinases or 
corresponding inflammatory cytokines activation [19–
21]. A previous study postulated that the occurrence of 
IVDD may be related to age, physical activity and genetic 
factors [21]. In recent years, there has been increased 
interest to study the association of dyslipidemia with 
IVDD occurrence [5, 8, 10].

Numerous studies have demonstrated a close associa-
tion between dyslipidemia and IVDD [5, 8, 10, 21]. The 

Fig. 3  The degree of CEP degeneration was positively correlated with serum lipid abnormalities
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level of TC, TG, LDL-C, and lipoprotein has also been 
shown to influence the development of sciatica, low back 
pain, and LDH [5, 8, 16, 22]. The results are consistent 
with our findings. In particular, we found that TC, TG, 
LDL-C, and Apo B levels were increased in the DH group 
compared with the control group. However, the level 
of HDL-C was significantly different between the two 
cohorts. The proportions of high-TC, high-TG, high-
LDL-C, high-ApoB, and high Apo B/ApoA1 were signifi-
cantly increased in the DH group. Moreover, a positive 
correlation was found between TC, triglyceride, LDL-C, 
LDL-C/HDL-C, ApoB/ApoA1, and LDH. The age, labour 
intensity, TG, ApoB/ApoA1 ratio and atherogenic index 
(AI) may increase the risk of IVDD. The ratios of TC/
HDL-C, TG/HDL-C, LDL-C/HDL-C, and ApoB/ApoA1 
were significantly increased in the DH group. In their 
study, Chen et al. [10] found no significant differences in 
TG/HDL-C ratios between the DH and control groups. 
However, in this study, the DH group had a significantly 
higher ratio of TG/HDL-C and borderline High-TG com-
pared with the control group (P > 0.05). The discrepan-
cies observed among studies may have been caused by 

differences in sample sizes and inclusion criteria for the 
enrolled cases. A previous study explored the impact of 
dyslipidemia on disc degeneration by comparing DH with 
lower limb fracture or articular cartilage injury. How-
ever, the study was limited by the fact that the patients 
in the control group did not undergo MRI examination, 
which would weaken the validity of the results, especially 
for individuals with LDH. To overcome this challenge, 
we included spine fracture MRIT2-weighted images of 
lumbar intervertebral discs with modified Pfirrmann I 
and II grades in the study as controls. Our results dem-
onstrated that ApoA1 levels were higher in serum from 
LDH patients relative to the controls. Among the major 
components of HDL-C, APO plays a role in the trans-
port of cholesterol. The relationship between HDL-C and 
the risk of cardiovascular disease is not linear. Studies 
have suggested that an increase in HDL-C levels beyond 
1.5 mmol/L may not confer any further improvement in 
cardiovascular disease. In severe cases of dyslipidemia, 
elevated levels of apolipoprotein A1 (APO A1) may also 
be observed [17]. Due to this, the relationship between 
HDL-C and ApoA1 and symptomatic LDH deserve 

Fig. 4  Correlation coefficient matrix heatmap of the feature variables
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further assessment. Studies have shown that total cho-
lesterol (TC)/HDL-C, ApoB/ApoA1, LDL-C/HDL-C and 
Triglyceride/HDL-C are more accurate indicators of the 
transport capacity of cholesterol to peripheral tissues, 
and plasma cholesterol level can accurately indicate dys-
lipidemia because it is based on the level of cholesterol in 
the blood [23].

NonHDL-C refers to the sum of very LDL (VLDL-C), 
intermediate density lipoprotein (IDL), and LDL-C [24]. 
NonHDL-C is a robust marker of cholesterol content in 
all types of atherosclerotic lipoprotein particles and has 
demonstrated superior predictive accuracy for cardiovas-
cular disease compared to other lipid measures. On the 
other hand, the AS index is a well-established tool used 
by the international medical community to quantify the 
extent of arteriosclerosis development. The arterioscle-
rosis index = (total cholesterol high-density lipoprotein-
cholesterol)/high-density lipoprotein-cholesterol, which 
is an independent risk factor for arteriosclerosis [25]. 
Some studies have shown that NonHDL-C and arte-
riosclerosis index are risk factors for cardiovascular dis-
ease, osteoarthritis, rheumatoid arthritis etc. [25, 26]. 

However, whether the levels of nonHDL-C and arterio-
sclerosis index are associated with LDH is unclear. In this 
study, nonHDL-C and arteriosclerosis index levels were 
correlated with LDH. Our findings showed a significant 
increase in nonHDL-C and arteriosclerosis index lev-
els in the LDH patients (Table 1). NonHDL-C and arte-
riosclerosis index levels were positively correlated with 
LDH. Arteriosclerosis index may be independent risk 
factors for IVDD. Measuring non-HDL cholesterol lev-
els is an effective strategy to identify individuals at high 
risk of developing cardiovascular disease. It is a reliable 
predictor of future events and can be easily measured, 
representing the total cholesterol content in atherogenic 
lipoprotein particles. Using non-HDL cholesterol can aid 
in implementing appropriate prevention and treatment 
strategies [25, 26]. However, compared with LDL-C, non-
HDL-C has received little attention. In the current guide-
lines, non-HDL-C is an equally important therapeutic 
target, similar to LDL-C. It is a more accurate indicator 
of atherosclerotic particles than LDL-C, and may reduce 
the nutritional supply to the intervertebral disc through 
AS, leading to IVDD. Studies have shown that AS is 

Fig. 5  Association of serum lipid abnormalities with the risk of IVDD
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closely related to IVDD, and AI is the most direct indica-
tor of AS [27, 28]. AI is closely related to the occurrence 
of IVDD. Compared to the control group, the IDH group 
had higher levels of nonHDL-C and AI.

Additionally, the exact mechanisms by which dyslipi-
demia stimulates LDH and IVDD development are not 
well understood. LDH and disc degeneration caused by 
lipid metabolism disorder are primarily attributed to 
vascular sclerosis and plaque formation resulting from 
AS. These changes may lead to a reduced blood supply 
to the intervertebral disc, leading to IVDD. The interver-
tebral disc is a vascular tissue, which relies on the CEP 
and the capillaries of the annulus fibrosus for nutrient 
support. AS can be caused by elevated levels of TG, total 
cholesterol, LDL-C, Atherogenic Index, Apolipoprotein 
B, and non-HDL-C. AS and vascular sclerosis decrease 
the blood supply to the disc, leading to the occurrence of 
LDH or IVDD. Some studies have shown that AS may be 
an independent risk factor for LDH [27–29]. Metabolic 
factors, inflammatory cell activation, and inflammatory 
factors associated with lipid metabolism disorders may 
also contribute to the development of LDH or IVDD. 
CEP is a thin layer of transparent cartilage between the 
intervertebral disc and the vertebral body through which 
nutrients diffuse from the vertebral body to the IVD 
through CEP [15]. Therefore, CEP modulates the nutri-
tional supply and biomechanical balance of the IVD. Wil-
liams et al. [30] showed that CEP defects are significantly 
and independently associated with IVDD, and the degen-
eration of CEP is the initial factor in the pathogenesis 
of IVDD. Some studies have shown that oxidized low-
density lipoprotein (ox-LDL) and lectin-like low-density 
lipoprotein receptor 1 (LOX-1), the most common path-
ogenic factors of hyperlipidemia, are highly expressed in 
degenerative intervertebral discs, especially in the CEP 
[31, 32]. Although most of the abnormal metabolites in 
the blood enter the intervertebral disc through the CEP, 
there are no data to support the relationship between 
dyslipidemia and CEP degeneration. Our study found 
that dyslipidemia was positively correlated with carti-
lage endplate degeneration.Some studies have shown that 
lipid levels are positively correlated with the degree of 
IVDD, this is consistent with our findings [8–10].

This study found a positive association of LDL-C, total 
cholesterol, TG, nonHDL-C, Apolipoprotein B, and 
atherogenic index levels with the degree of CEP degen-
eration. Dyslipidemia-related substances may potentially 
initiate cartilage degeneration (such as aging or calcifica-
tion) by affecting the CEP, impairing its ability to provide 
nutrients to the intervertebral disc. This may ultimately 
result in a reduction in nutritional support to the disc, 
leading to the development of LDH or IVDD [31, 32, 
34]. Our study was to select patients with discogenic low 

back pain as the experimental group, because patients 
with discogenic low back pain were mostly treated con-
servatively in the outpatient department, and many 
patients did not undergo blood lipid testing, so patients 
with discogenic low back pain could not be used as the 
experimental group. It is, therefore, necessary to conduct 
further experiments to validate our findings.

Our study suggests a significant correlation between 
elevated blood lipid levels and LDH, with high blood 
lipid levels indicating a higher incidence of IVDD. Fur-
thermore, there is a positive association between the 
degree of CEP degeneration and blood lipid levels. These 
findings shed new light on the mechanism of lipid metab-
olism disorder and its potential role in IVDD. The causal 
relationship between dyslipidemia and LDH or IVDD 
remains unclear because this was a retrospective case–
control study. In future, large-scale, longitudinal follow-
up observations, animal experiments, and interventional 
studies should be conducted to define the causal relation-
ship and find effective IVDD/LDH prevention and treat-
ment methods.

Conclusions
Taken together, our study demonstrates that age,labour 
intensity, TG, ApoB/ApoA1 ratio, and atherogenic index 
(AI) may increase the risk of IVDD. The levels of TC, 
TG, LDL-C, nonHDL-C, Apo B, and atherogenic index 
(AI) may be related to the degree of cartilage endplate 
(CEP) and intervertebral disc degeneration (IVDD).This 
study provides new evidence supporting the association 
between dyslipidemia and the risk of LDH disease, and 
suggests that controlling blood lipid levels may be a new 
approach to reduce IVDD. Additionally, this study pro-
vides new ideas for investigating the mechanism of IVDD 
induced by dyslipidemia.
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