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Abstract
Objectives: The study aims to determine the clinical signi�cance of total cholesterol (TC), triglycerides (TG), low-density lipoprotein
cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), TC/HDL-c, TG/HDL-c, and LDL-c/ HDL-c in axial spondyloarthritis
(axSpA) patients.

Methods: Two hundred and �ve axSpA patients and 71 healthy subjects were enrolled. AxSpA patients were further divided into
remission group and active group. The laboratory data were collected. Spearman’s correlation, receiver operation characteristic (ROC)
curves, and binary logistic regression analysis were conducted.

Results: TC, TG, LDL-c and HDL-c were lower in axSpA group, while LDL-c/HDL-c was higher (P<0.05). ROC curves results revealed that
the AUC value of HDL-c for axSpA was 0.752 (CI95%: 0.693-0.811), yielding the highest AUC value. HDL-c was negatively correlated with
BASDAI, CRP, and ESR (P<0.05). TC/HDL-c was positively correlated with BASDAI, BASFI, CRP, and ESR (P<0.05). Besides, TC/HDL-c, CRP,
and ESR in axSpA of active group were higher than those in remission group, while HDL-c was lower (P<0.05). ROC curves results showed
that the AUC value of TC/HDL-c and CRP for axSpA of active group were 0.616 (CI95%: 0.539-0.694) and 0.632 (CI95%: 0.554-0.710),
yielding higher AUC value than other parameters. The optimal cutoff value of TC/HDL-c for axSpA of active group was 4.218, with a
Youden index of 0.195, a sensitivity of 50.6%, and a speci�city of 68.9%. Binary logistic regression analysis indicated that TC/HDL-c was
an independent indicator for axSpA disease activity.

Conclusions: TC/HDL-c was elevated in axSpA of active group, yielding a high diagnostic value and showing a positively correlation with
the disease activity of axSpA. TC/HDL-c may be a novel and reliable indicator for axSpA disease activity.

Introduction
Axial spondyloarthritis (axSpA) is a chronic in�ammatory disease that shares a series of clinical features involving in�ammation of the
sacroiliac and spine joints [1, 2]. Continuous progression of axSpA can lead to the bony fusion of vertebral joints and disability, which
brings a great burden to patients and the country [3]. Early initiation and long-term therapy of biologics disease-modifying anti-rheumatic
drug (bDMARD) in patients with high disease activity may reduce the rate of developing new lesions [3, 4]. Therefore, biomarkers are
urgently needed for early diagnosis of axSpA and accurate assessment of disease activity.

Currently, several tools for evaluating the disease activity and prognosis of axSpA have been widely used, such as the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) and the Bath Ankylosing Spondylitis Functional Index (BASFI) based on self-administered
questionnaires of patients [3]. Regarding laboratory indicators including C-reactive protein (CRP) and erythrocyte sedimentation rate
(ESR), they mainly re�ect short-term in�ammation with low discrimination to diagnose axSpA. In�ammation plays an important role in
the pathogenesis of axSpA [3]. Emerging studies suggest that lipids are essential for various cellular stress response mechanisms
including in�ammation and immunity, serving as hubs for the integration of metabolic and in�ammatory processes [5]. In addition, serum
lipids is independent high-risk factor for coronary heart disease. Poor control of serum lipids easily accelerates the progression of
atherosclerosis [6]. An atherogenic lipid pro�le is de�ned as a reduced level of high-density lipoprotein cholesterol (HDL-c) and elevated
levels of total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-c), which can induce and even aggravate
cardiovascular disease [7, 8]. According to a population-based study, increasing morbidity and mortality of cardiovascular diseases
(CVDs) in axSpA was highlighted [9]. A clinical trial con�rmed the presence of subclinical atherosclerosis in axSpA patients [10]. Some
researches indicated that lipids and in�ammatory cells gradually accumulate during the development of atherosclerotic [11]. Although the
risk of CVDs in axSpA patients is high, the serum lipids is closely related to CVDs. None of study has focused on the clinical signi�cance
of serum lipids and serum lipid ratios in axSpA.

Accordingly, in this study, we retrospectively gathered the clinical data of axSpA patients, and explored the clinical signi�cance of TC, TG,
LDL-c, HDL-c, TC/HDL-c, TG/HDL-c, and LDL-c/HDL-c in axSpA.

Materials And Methods

Subjects
A total of 205 axSpA patients, ful�lling the criteria of Assessment of Spondylo- Arthritis International Society (ASAS) for axSpA were
recruited from our hospital between December 2015 and March 2019 [12]. Exclusion criteria included patients with other autoimmune



Page 3/9

diseases, infections, hematologic diseases, malignancies, or severe liver disease. AxSpA patients were further subclassi�ed as active
group (BASDAI ≥4, n=83) or remission group (BASDAI <4, n=122). The control group included 71 age- as well as gender-matched healthy
individuals from our hospital at the same period. The design of this study complied with the Declaration of Helsinki. This study was
approved by the ethics committee o�ce of Guangdong Second Provincial General Hospital (2017-FSMY-009).

Clinical And Laboratory Data
Age, Sex, BASDAI, BASFI, TC, TG, LDL-c, HDL-c, CRP and ESR level were collected. TC/HDL-c, TG/HDL-c, and LDL-c/HDL-c were
calculated.

Statistical analysis
All the data management statistical analyses were carried out by SPSS 26.0. Normal distribution data were described as mean ±
standard deviation, while non-normal data and categorical variables were expressed as quartiles and frequencies, respectively. Two-
sample t-test was performed for normal distribution and homogeneity of variance data to compare the differences in parameters
between different groups, then the Mann-Whitney U test was used for non-normal distribution or uneven variance and chi-square test for
the categorical variables. Relationships between the parameters and disease activity index were investigated by the Spearman’s
correlations analysis. Receiver operation characteristic (ROC) curves were used to discriminate axSpA patients from healthy subjects and
active axSpA group from remission axSpA group. Furthermore, binary logistical regression analyses were used to disclose the associated
factors of axSpA disease activity. Then, variables with P < 0.05 were introduced to the further forward stepwise regression analyses. A P
value < 0.05 was considered as signi�cant difference.

Results

Basic characteristics between axSpA patients and healthy controls
The age and gender between the control group and axSpA group were not signi�cantly different. Compared with controls group, TC, TG,
LDL-c, and HDL-c were lower in axSpA group, while LDL-c/HDL-c was higher (P<0.05). The BASDAI and BASFI of axSpA group were
4.80(4.40,5.70), and 2.20(0.80,3.40)(Table1).

The diagnostic value of serum lipid parameters for axSpA by ROC curves

The ROC curves results revealed that the AUC value of HDL-c was 0.752 (CI95%: 0.693-0.811), yielding the highest AUC value. The
optimal cutoff value of HDL-c for axSpA was 1.075, with a Youden index of 0.432, a sensitivity of 62.9%, and a speci�city of 80.3%
(Figure.1 and Table2).

Correlations of serum lipid parameters with BASDAI, BASFI, ESR, and CRP

HDL-c was negatively associated with BASDAI (r=-0.153, P=0.029), CRP (r=-0.423, P<0.001), and ESR (r=-0.307, P<0.001). TC/HDL-c was
positively associated with BASDAI (r=0.179, P<0.05), BASFI (r=0.149, P<0.05), CRP (r=0.194, P=0.002), and ESR (r=0.185, P=0.004). LDL-
c/HDL-c was positively associated with BASDAI (r=0.144, P<0.05), CRP (r=0.225, P<0.001), and ESR (r=0.209, P=0.001) (Table3).

Comparison of serum lipid parameters between axSpA of active group and remission group

Compared with axSpA of remission group, TC/HDL-c, LDL-c/HDL-c, CRP and ESR were higher in axSpA of active group, while HDL-c was
lower (P <0.05). There were no signi�cant difference in age, TC, TG, LDL-c and TG/HDL-c between the two group (P>0.05). (Table4).

The diagnostic value of serum lipid parameters for axSpA of active group by ROC curves

ROC curves results showed that the AUC value of TC/HDL-c and CRP for axSpA of active group were 0.616 (CI95%: 0.539-0.694) and
0.632 (CI95%: 0.554-0.710), yielding higher AUC value than other parameters. The optimal cutoff value of TC/HDL-c for axSpA of active
group was 4.218, with a Youden index of 0.195, a sensitivity of 50.6%, and a speci�city of 68.9% (Figure.2 and Table 5).

Binary logistic regression analysis of indicator for axSpA disease activity
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Binary logistic regression analysis was used to identify the associated factors for axSpA disease activity. And the results revealed that
TC/HDL-c was an independent indicator for axSpA disease activity (EXP (β) = 1.626, 95% CI: 1.128-2.343, P< 0.05) (Table6).

Discussion
Despite the rapid development of new medical treatments, axSpA patients with persistent high disease activity may suffer from joint
fusion and disability. Much more biomarkers are needed to evaluate the axSpA disease activity. In the present study, HDL-c decreased in
axSpA patients. TC/HDL-c increased in axSpA of active group, showing a positive correlation with BASDAI. TC/HDL-c possessed a high
diagnostic value for axSpA of active group, which may be an independent indicator for axSpA disease activity.

Lipids mediate the transmission of in�ammatory signals by directly or indirectly engaging in signaling pathways [5]. The cholesterol
e�ux capacity of HDL-c was negatively correlated with systemic in�ammation [13]. HDL-c prevents in�ammation by inhibiting the
expression of endothelial cell adhesion molecules [14–17]. In the present study, HDL-c decreased in axSpA patients, showing a negative
correlation to BASDAI. The AUC value of HDL-c for axSpA was 0.752(CI95%: 0.693-0.811). The results were consistent with the previous
studies [18–22]. However, the correlations between TC, TG and BASDAI, BASFI were not signi�cant.

Currently, atherosclerosis has been recognized as a chronic in�ammatory disease. AxSpA also belongs to a chronic in�ammatory
disease. The synthesis of a large number of in�ammatory factors, such as interleukin -1(IL-1), interleukin -6 (IL-6), and tumor necrosis
factor-α (TNF-α), greatly increases the possibility of atherosclerosis. The increased incidence of cardiovascular disease in axSpA patients
was well characterized. Recent systematic review and meta-analysis revealed that comorbidities such as hyperlipidemia (17%) was
common in axSpA, which led to a poor prognosis [23]. Dyslipidemia was a recognized modi�able cardiovascular risk [24]. In our study, the
role of TC/HDL-c, TC/HDL-c, and LDL-c/HDL-c were investigated. The results indicated that TC/HDL-c and LDL-c/HDL-c elevated in active
axSpA group. The AUC of TC/HDL-c was higher than other variables. TC/HDL-c and LDL-c/HDL-c were all positively correlated with
BASDAI. The AUC of TC/HDL-c for axSpA of active group was higher than other variables. Logistic regression analysis results suggested
that TC/HDL-c was an independent indicator for axSpA disease activity. It was reported that the bene�ts of statin are derived from
decreasing in TC levels and increasing in HDL-c [25]. Our results showed that the increase of TC/HDL-c in active axSpA patients provides
clinical evidence for statins to use in axSpA to improve lipid pro�les. It is the �rst time to describe the clinical signi�cance of HDL-c and
TC/HDL-c for axSpA in our study.

It was public knowledged that CRP and ESR were traditional biomarker of axSpA disease activity. In our study, CRP and ESR increased in
active group of axSpA. CRP and ESR were positively correlated with BASDAI and BASFI. It was consistent with the previous studies [26].
However, ROC curves showed that the AUC of ESR for axSpA of active group were lower than TC/HDL-c. Logistic regression analysis
suggested that ESR were not independent indicator for axSpA disease activity, compared with other variables. Although TC/HDL-c would
not be a speci�c marker of axSpA, TC/HDL-c was superior to ESR in assessing disease activity of axSpA. It indicated that TC/HDL-c in
combination with CRP and ESR may help to assess disease activity of axSpA more accurately.

In conclusion, HDL-c was decreased in axSpA patients with a highest diagnostic value, compared with healthy control. TC/HDL-c was
elevated in axSpA of active group, yielding a high diagnostic value and showing a signi�cant correlation to the disease activity of axSpA.
TC/HDL-c may be a novel and reliable indicator for axSpA disease activity. The result suggested that the serum lipid changed regularly in
axSpA patients, especially in axSpA patients with high disease activity.
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Tables
Table 1. Basic characteristics between axSpA patients and healthy controls

  Control group (n=71)  axSpA group n=205 P value

Age(years)

 

31.00(29.00,35.00)

 

30.00(25.00,36.00)

 

0.076

0.063

Sex(male/female) 52/19 35/170 0.063

TC (mmol/L) 4.79(4.30,5.32) 3.99(3.57,4.64) <0.001

TG (mmol/L 1.14(0.88,1.53) 0.86(0.62,1.20) <0.001

LDL-c(mmol/L) 2.71(2.07,3.11) 2.38(1.96,2.94) 0.027

HDL-c(mmol/L) 1.23(1.10,1.42) 1.03(0.90,1.20) <0.001

TC/HDL-c 3.89(3.26,4.25) 4.01(3.55,4.46) 0.132

TG/HDL-c 0.94(0.72,1.21) 0.85(0.61,1.17) 0.154

LDL-c/HDL-c 2.13±0.62 2.35±0.74 0.022

BASDAI - 4.80(4.40,5.70)  

BASFI - 2.20(0.80,3.40)  

TC, total cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; TC/HDL-c, total cholesterol-high-density lipoprotein
cholesterol ratio; TG/HDL-c, triglycerides-high-density lipoprotein cholesterol ratio; LDL-c/HDL-c, low-density lipoprotein cholesterol-high-
density lipoprotein cholesterol ratio; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis
Functional Index

 

 

 

Table 2. The diagnostic value of serum lipid parameters for axSpA using ROC cures

  AUC (CI95%) P value Optimal cut off value Youden index Sensitivity Speci�city

TC (mmol/L)

TG (mmol/L)

LDL-c(mmol/L)

0.728(0.662-0.793)

0.668(0.599-0.737)

0.588(0.509-0.667)

<0.001

0.001

0.027

4.200

0.960

2.700

0.403

0.303

0.214

80.3%

58.5%

50.7%

60.0%

71.8%

70.7%

HDL-c(mmol/L) 0.752(0.693-0.811)   0.001 1.075 0.432 62.9% 80.3%

TC/HDL-c

TG/HDL-c

0.560(0.484-0.636)

0.557(0.481-0.633)

0.132

0.154

4.268

0.885

0.136

0.152

36.1%

62.0%

77.5%

53.2%

LDL-c/HDL-c 0.607(0.534-0.681) 0.007 2.528 0.183 38.0% 80.3%

TC, total cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; TC/HDL-c, total cholesterol-high-density lipoprotein
cholesterol ratio; TG/HDL-c, triglycerides-high-density lipoprotein cholesterol ratio; LDL-c/HDL-c, low-density lipoprotein cholesterol-high-
density lipoprotein cholesterol ratio
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Table 3. Associations of serum lipid parameters with disease activity indexes in axSpA patients.

  BASDAI BASFI CRP ESR

  r P value r P value r P value r P value

TC (mmo/L) -0.014 0.842 -0.005 0.942 -0.227 0.001 -0.148 0.020

TG (mmol/L) -0.014 0.839 0.030 0.686 -0.171 0.007 -0.217 0.001

LDL-c(mmol/L) 0.018 0.797 0.006 0.941 -0.030 0.639 -0.012 0.857

HDL-c(mmol/L) -0.153 0.029 -0.146 0.051 -0.423 <0.001 -0.307 <0.001

TC/HDL-c 0.179 0.010 0.149 0.047 0.194 0.002 0.185 0.004

TG/HDL-c 0.065 0.352 0.088 0.242 0.009 0.885 -0.079 0.215

LDL-c/HDL-c 0.144 0.040 0.093 0.216 0.225 <0.001 0.209 0.001

CRP (mg/L) 0.257 0.001 0.310 0.001 - - 0.746 <0.001

ESR (mm/h) 0.257 0.001 0.296 0.001 0.746 <0.001 - -

TC, total cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; TC/HDL-c, total cholesterol-high-density lipoprotein
cholesterol ratio; TG/HDL-c, triglycerides-high-density lipoprotein cholesterol ratio; LDL-c/HDL-c, low-density lipoprotein cholesterol-high-
density lipoprotein cholesterol ratio; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; BASDAI, Bath Ankylosing Spondylitis
Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index

Table 4. Comparison of serum lipid parameters between axSpA of active group and remission group

  Remission axSpA (n=122) Active axSpA n=83 P value

Age(years) 29.50(24.00,35.00) 30.00(25.00,37.00) 0.350

Sex(male/female) 103/19 67/16 0.489

TC (mmol/L) 3.98(3.53,4.66) 4.00(3.58,4.61) 0.853

TG (mmol/L) 0.88(0.61,1.24) 0.80(0.63,1.18) 0.752

LDL-c(mmol/L) 2.39(1.90,2.96) 2.37(2.03,2.82) 0.601

HDL-c(mmol/L) 1.04(0.93,1.22) 0.99(0.86,1.17) 0.042

TC/HDL-c 3.84±0.92 4.20±0.75 0.003

TG/HDL-c 0.86(0.58,1.17) 0.84(0.66,1.18) 0.487

LDL-c/HDL-c 2.25±0.76 2.51±0.68 0.011

CRP (mg/L) 7.83(3.14,23.50) 18.30(6.55,32.25) 0.001

ESR (mm/L) 20.00(10.00,40.00) 31.00(16.50,50.00) 0.006

BASDAI 2.00(1.00,3.00) 4.80(4.40,5.70) 0.001

BASFI 0.30(0.00,1.50) 2.20(0.80,3.40) 0.001

TC, total cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; TC/HDL-c, total cholesterol-high-density lipoprotein
cholesterol ratio; TG/HDL-c, triglycerides-high-density lipoprotein cholesterol ratio; LDL-c/HDL-c, low-density lipoprotein cholesterol-high-
density lipoprotein cholesterol ratio; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; BASDAI, Bath Ankylosing Spondylitis
Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index
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Table 5. The diagnostic value of serum lipid parameters, CRP and ESR for axSpA of active group using ROC cures

Parameters AUC(CI95%) P value Optimal cut off
value

Youden index Sensitivity Speci�city

TC
(mmol/L)

TG
(mmol/L)

LDL-
c(mmol/L)

0.616(0.539,0.694)

0.513(0.432-0.594)

0.522(0.441-0.602)

0.005

0.752

0.601

5.70

0.795

1.805

0.071

0.101

0.084

9.60%

 49.4%

90.4%

97.5%

60.7%

18.0%

HDL-
c(mmol/L)

0.584(0.503-0.664) 0.420 0.955 0.162  48.2% 68.0%

TC/HDL-c

TG/HDL-c

0.616(0.539-0.694)

0.529(0.449-0.608)

0.005

0.487

4.218

0.528

0.195

0.117

 50.6%

90.4%

68.9%

21.3%

LDL-c/HDL-c 0.600(0.523-0.678) 0.015 2.371 0.192  60.2% 59.0%

CRP 0.632(0.554-0.710) 0.001 11.000 0.285  71.1% 57.4%

ESR 0.614(0.537,0.690) 0.006 14.500 0.236  84.3% 39.3%

TC, total cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; TC/HDL-c, total cholesterol-high-density lipoprotein
cholesterol ratio; TG/HDL-c, triglycerides-high-density lipoprotein cholesterol ratio; LDL-c/HDL-c, low-density lipoprotein cholesterol-high-
density lipoprotein cholesterol ratio; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein 

Table 6. Logistic regression analysis of independent indicator for axSpA disease activity

Risk factor OR(CI95%) P value

TC - 0.991

TG - 0.821

LDL-c - 0.557

HDL-c - 0.587

TC/HDL- 1.626(1.128-2.343) 0.009

TG/HDL-c - 0.672

LDL-C/HDL-c - 0.599

CRP 1.019(1.003-1.035) 0.019

ESR - 0.637

TC, total cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; TC/HDL-c, total cholesterol-high-density lipoprotein
cholesterol ratio; TG/HDL-c, triglycerides-high-density lipoprotein cholesterol ratio; LDL-c/HDL-c, low-density lipoprotein cholesterol-high-
density lipoprotein cholesterol ratio; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; BASDAI, Bath Ankylosing Spondylitis
Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index

Figures
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Figure 1

The diagnostic value of serum lipid parameters for axSpA using ROC cures. A: TC/HDL-c and LDL-c/HDL-c; B: TC, TG, LDL-c, HDL-c, and
TG/HDL-c.

Figure 2

The diagnostic value of serum lipid parameters, CRP and ESR for axSpA of active group using ROC cures. A: TC, LDL-c, TC/HDL-c,
TG/HDL-c, LDL-c/HDL-c, CRP, and ESR; B: TG and HDL-c.


