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Alterations and diagnosis potential of serum lipid  
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Abstract: The aim of the study is to compare the serum lipid profiles of rheumatoid arthritis (RA) patients and 
healthy volunteers and find the association between the serum lipid profiles and RA in Chinese Han population. 
Blood samples were collected from 2001 patients with early diagnostic RA and 3883 matched healthy controls for 
their serum lipid profiles including total-cholesterol (T-CHOL), triglyceride (TG), high density lipoprotein-cholesterol 
(HDL-C) and low density lipoprotein-cholesterol (LDL-C). Associations between RA and alterations of the lipid profiles 
were estimated with univariable and multivariable logistic regression. T-CHOL (OR = 0.54, 95% CI: 0.50-0.58), TG 
(OR = 0.4, 95% CI: 0.37-0.44) and HDL-C (OR = 0.01, 95% CI: 0.01-0.01) were significant protective factors, while 
LDL-C (OR = 5.58, 95% CI: 4.95-6.29) was a significant risk factor to RA. The results from Random Forest revealed 
that serum lipid profiles have powerful prediction ability to distinguish RA from normal controls with sensitivity of 
94.7%, specificity of 90.4% and accuracy of 93.2%, respectively. Risk discriminatory model based on T-CHOL, TG, 
HDL-C, LDL-C, gender and age in logistic regression further showed strong prediction ability of serum lipid profiles in 
RA with the area under the curve (AUC) of receiver operating characteristic (ROC) = 0.972 (95% CI: 0.968-0.976). 
Serum lipid profiles were significantly associated with rheumatoid arthritis and have important implication in RA 
auxiliary diagnosis.
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Introduction

Rheumatoid arthritis (RA) is a chronic systemic 
autoimmune disease characterized by inflam-
mation, symmetric polyarthritis in peripheral 
joints. RA affects nearly about 1% of the popu-
lation based on the 1987 American College of 
Rheumatology criteria [1]. However, the etiolo-
gy and susceptible factors were not clear yet. 
Compared with other autoimmune diseases 
such as psoriasis, Crohn’s disease, Type I dia-
betes, lupus and multiple sclerosis, RA had 
higher incidence. The incidences of rheumatoid 
arthritis were dramatically different among dif-
ferent ethnics, such as 0.0158% in Taiwan 

(2013) and 0.048% in Italy (2014). Empirically, 
RA primarily affects joints. However, it also 
affects other organs in 15-25% of patients. 
Patients with RA are at increased risk for sev-
eral disorders, includingcancer, infection and-
cardiovascular disease (CVD). The severe dis-
ability, grave financial and medical costs make 
RA become one of most substantial burdensfor 
both people with RA and health services.

The present diagnostic protocol of RA is compli-
cated and time-consuming. The diagnostic 
pipeline is based on the clinical presentation 
and serologic tests, while there is no singular 
test for it yet. Ultimately, rheumatoid arthritis is 
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diagnosed based on a combination of the pre-
sentation of the joints involved, characteristic 
joint swelling and stiffness in the morning, the 
presence of blood rheumatoid factor (RF) and 
citrulline antibody, as well as the findings of 
rheumatoid nodules and radiographic changes 
(X-ray testing) [2]. Early detection of the dis-
ease and commencement of disease-modify-
ing anti-rheumatic drugs (DMARDs), within 12 
weeks of symptom onset can bring better dis-
ease outcome, less disability, less joint dam-
age and fewer complications. However, the cur-
rent diagnostic pipeline is insufficient in the 
early diagnosis because of the complicated 
protocol. More diagnostic schemes should be 
introduced to diversify the diagnosis approach 
for RA. The present study was designed to eval-
uate the role of lipid profiles in early diagnosis 
of the rheumatoid arthritis.

Lipid profile test is a routine test for the patients 
with autoimmune and inflammatory diseases, 
and several pieces of evidences have shown 
that active early rheumatoid arthritis is associ-
ated with dyslipidemia [3]. In addition, high-
density lipoprotein cholesterol (HDL-C) was de- 
creased in the serum of RA patients, and a pro-
atherogenic lipid profile has been reported in 
patients with active and untreated RA [4, 5]. 
However, the auxiliary diagnostic role of the 
serum lipid profiles in RA has not been studied 
before. 

In the present study, the lipid profiles which 
included total-cholesterol (T-CHOL), triglyceride 
[6], high density lipoprotein-cholesterol (HDL-C) 
and low density lipoprotein-cholesterol (LDL-C) 
were collected from 2001 cases with RA and 
3883 ethnically matched healthy controls. The 
associations of lipid profiles with RA patients 
were investigated and the diagnostic role of 
serum lipid profiles in RA was evaluated with 
Random Forest and multivariable logistic pre-
diction model. 

Materials and methods 

Material and samples

A total of 5884 subjects were enrolled includ-
ing 2001 cases with RA without any therapy of 
anti-rheumatic drugs and 3883 ethnically ma- 
tched healthy controls from Guanghua hospital 
and Taizhou longitudinal cohort [7] during the 
period of May 2009-April 2014 with the com-

pleted written informed consent. The study was 
granted with permission No2013-K-02 by 
Guanghua Integrative Medicine Hospital, 
Changning District, Shanghai, China. The indi-
viduals were excluded from the study if they 
have been diagnosed for any other autoim-
mune inflammatory disease at any time during 
the above period. The research was approved 
by both the academic advisory board of 
Guanghua Hospital and the School of Life 
Sciences, Fudan University, Shanghai. 

Lipid profile detection

Blood samples were obtained from patients 
before surgical treatment or endovascular ma- 
nagement as well as other medicine interven-
tion. Five milliliters of antecubital venous fast-
ing blood was collected from each of the sub-
jects, being allowed to clot and then centrifuged 
at 3,000 rpm for 15 min within 30 min of sam-
ple collection and analyzed within 6 h after the 
separation. The serum lipid profiles, including 
T-CHOL, HDL-C, LDL-C, and TG, was measured 
with the FAITH-1000 automaticbiochemistry-
analyzer, according to the manufacturer’s in- 
structions (LaoLa Electronic Co., Ltd, Nanjing, 
China). In addition, ESR (erythrocyte sedimen-
tation rate), CRP (C-reactive protein), APOA1 
(apolipoprotein A-I), APOB (apolipoprotein B), 
APOE (apolipoprotein E), LPA (Lysophosphatidic 
acid), IgA, IgG and IgM antiglobulins of RF were 
measured as our previous work [8]in the RA 
patients to evaluate the correlation between 
these factors with lipid profile. Inverse normal 
transformation were applied to the data toim-
prove the normality of variablesin the process 
of correlation analysis.

Statistical analysis

All data were analyzed using R. The distribution 
characteristics of the lipid profiles were ex- 
pressed as median and interquartile range 
(IQR). A value of P < 0.05 was considered sig-
nificant. Univariable binary regression was 
applied to discover the association of lipid pro-
teins with RA one by one adjusted with gender 
and age. Multivariable binary regression was 
used to adjust all the confounders and to 
increase the efficiency of the estimators (ad- 
justed by each other). Odds ratios (ORs) and 
95% confidence interval (CIs) were calculated 
with R code. Correlation between lipid proteins 
and gener/age were conducted with correlation 
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Table 1. Correlation between lipid profiles and clinical characteristics of RA patients
 ESR (Beta, P) CRP (Beta, P) apoA1 (Beta, P) apoB (Beta, P) LPA (Beta, P) apoE (Beta, P) IgmRF (Beta, P) IgaRF (Beta, P) IggRF (Beta, P)
CHOL -0.22 (1.34E-024) -0.24 (2.03E-029) 0.44 (2.58E-091) 0.66 (3.25E-255) 0.13 (7.69E-10) 0.41 (2.12E-085) -0.01 (0.671) -0.04 (0.0698) 0 (0.845)

TG -0.18 (2.01E-015) -0.2 (1.64E-019) 0.06 (0.00988) 0.48 (1.2E-107) -0.06 (0.0086) 0.35 (3.03E-057) -0.06 (0.00839) -0.05 (0.0521) -0.02 (0.46)

HDL -0.26 (5.17E-034) -0.22 (7.24E-026) 0.72 (1.12E-055) 0.04 (0.0657) 0.02 (0.411) 0.21 (1.48E-021) -0.04 (0.119) -0.05 (0.0386) -0.01 (0.659)

LDL -0.16 (1.48E-013) -0.22 (1.8E-023) 0.28 (5.25E-034) 0.73 (7.35E-055) 0.17 (1.95E-015) 0.32 (2.4E-048) 0 (0.839) -0.03 (0.19) -0.01 (0.733)

Table 2. Association of lipid profiles with rheumatoid arthritis
RA (IQR) Normal (IQR) Odds Ratio1 (95% CI) P-value1 Odds Ratio2 (95% CI) P-value2

T-CHOL 4.11 (1.19) 4.51 (1.20)  0.54  (0.50-0.58) 7.9×10-71 0.06 (0.05-0.08) 2.41×10-130

TG 1.07 (0.61) 1.55 (1.22)  0.4  (0.37-0.44) 1.27×10-85 0.27 (0.23-0.31) 2.66×10-64

HDL-C 1.12 (0.41) 1.59 (0.46)  0.01  (0.01-0.01) 6.65×10-256 0.05 (0.04-0.0.07) 3.86×10-56

LDL-C 2.22 (0.91) 1.61 (0.67)  5.58  (4.95-6.29) 2.52×10-174 194.7 (128.2-252.8) 3.79×10-184

Odds Ratio1 and P-value1 were derived from univariable logistic regression adjusted with gender and age. Odds Ratio2 and P-value2 were derived from multivariable logistic regres-
sion adjusted with gender and age. IQR: interquartile range.

Table 3. Performance of the prediction model with different features
AUC1 (95% CI) AUC2 (95% CI) AUC3 (95% CI) Features

Model A 0.674 (0.659-0.688) 0.631 (0.613-0.648) 0.676 (0.645-0.707) Gender and Age
Model B 0.734 (0.721-0.747) 0.705 (0.689-0.721) 0.737 (0.709-0.766) T-CHOL, Gender and Age
Model C 0.779 (0.766-0.791) 0.753 (0.737-0.768) 0.795 (0.769-0.821) TG, T-CHOL, Gender and Age
Model D 0.915 (0.908-0.923) 0.898 (0.888-0.908) 0.947 (0.934-0.961) HDL-C, TG, T-CHOL, Gender and Age
Model E 0.965 (0.961-0.970) 0.965 (0.960-0.971) 0.961 (0.951-0.972) LDL-C, TG, T-CHOL, Gender and Age
Model F 0.972 (0.968-0.976) 0.969 (0.964-0.974) 0.976 (0.968-0.985) LDL-C, HDL-C, TG, T-CHOL, Gender and Age
Prediction model were trained with logistic regression. AUC1 was constructed with total dataset, AUC2 was constructed with data from female, AUC3 was constructed with data from 
data of male.
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analysis. R packages “PredictABEL” and 
“pROC” was used for ROC construction.

Results

Characteristics of lipid profiles of rheumatoid 
arthritis and normal individuals

The levels of T-CHOL, TG, HDL-C and LDL-C 
(median ± IQR) in rheumatoid arthritis group 
were 4.11 (1.19), 1.07 (0.61), 1.12 (0.41) and 
2.22 (0.91), while in control group were 4.51 
(1.20), 1.55 (1.22), 1.59 (0.46) and 1.61 (0.67), 
respectively. The lipid profiles of RA patients 
and normal individuals changed along with age. 
Additionally, the profiles were also different 
between male group and female group. In 
detail, T-CHOL (r = 0.16, P-value = 9.84×10 -14 in 
RA; r = 0.13, P-value = 1.33×10 -15 in normal) 
and LDL-C (r = 0.13, P-value = 1.38×10 -9 in RA; 
r = 0.14, P-value < 10-19 in normal) were signifi-
cantly positive correlated with age in both RA 
patient group and normal group. T-CHOL (r = 
-0.14, P-value = 2.51×10-10 in RA vs r = -0.06, P 
P-value = 6.01×10 -5 in normal) and HDL-C (r = 
-0.22, P-value < 10-17 in RA vs r = -0.14, P-value 
< 10-17 in normal) were significant negatively 
correlated with gender in both RA and normal 
group, indicating higher T-CHOL and HDL-C 
level in female populations (Table 1). On the 
other side, correlation analysis within the 
patient group showed that both ESR and CRP 
were significantly negatively correlated with 
each elements of lipid profiles (P<1.48×10-13, 
1.64×10-19) while APOA1, APOB, APOE were 
significantly postively correlated with each ele-
ments of lipid profiles (P < 0.009, 0.006, 
1.48×10-21, respectively). However, in the cor-
relation analysis between lipid profile and anti-
globulins of RF, only IgM and IgA were found to 
be faintly significantly correlated with TG and 
HDL (P = 0.008 and 0.03, respectively), indicat-
ing lipid profile might be an independent bio-
marker for the diagnosis of RA patient (Table 
1).

Association of aberrant serum lipid profiles 
with rheumatoid arthritis

The comparison of lipid profiles between nor-
mal controls and rheumatoid arthritis are 
shown in Table 2. We found T-CHOL (OR = 0.54, 
95% CI: 0.50-0.58, P-value = 7.9×10 -71), TG (OR 
= 0.4, 95% CI: 0.37-0.44, P-value = 1.27×10 -85) 
and HDL-C (OR = 0.01, 95% CI: 0.01-0.01, 

P-value = 6.65×10 -256) were significant protec-
tive factors to RA while LDL-C was a significant 
risk factor to RA in both univariate logistic mod-
els adjusted with gender and age. Multivariate 
logistic regression model with gender, age, 
T-CHOL, TG, HDL-C and LDL-C showed all of the 
four lipid factors were significantly associated 
with RA, which suggested they are independent 
risk/predictive factors (Table 2). Atherogenic 
index of serum (AIP) which is noted as log (TG/
HDL-C) was calculated and the association 
between AIP and the presence of RA was ana-
lyzed by binary logistic regression adjusted with 
age and gender. The result showed AIP was  
significantly associated with RA with OR of  
30.77 (95% CI: 23.79-39.8) and P-value of 
4.15×10-150.

Performance of the Prediction model based on 
lipid profiles

Random forest algorithm was used to distin-
guish RA from normal samples with the fea-
tures of age and gender and lipid profiles. Five-
fold cross-validation and 1000 iteration were 
performed in the model construction to evalu-
ate the stability of the prediction model. The 
result showed the average sensitivity (Sen), 
Specificity (Spe) and accuracy (Acc) were 
94.7%, 90.4% and 93.2%, respectively. In the 
prediction model, HDL-C, LDL-C, TG, T-CHOL 
and age have effective contribution of 49.18%, 
25.78%, 12.86%, 9.76 and 2.41%, respectively. 
In the logistic regression analysis, six scenarios 
with different features were considered (sh- 
owed as Table 3). The most power prediction 
model was based on age, gender, HDL-C, LDL-
C, TG and T-CHOL, in which the AUC = 0.972, 
and 95% CI ranged from 0.968 to 0.976. The 
power of the prediction models were also evalu-
ated in male and female population. No signifi-
cant difference was found between male and 
female population for the prediction model, 
suggesting the applicability of the model in gen-
eral population (Figure 1).

Discussion

Our present study showed that the lipid profiles 
were significantly associated with the suscepti-
bility of rheumatoid arthritis. This lipid profiles 
is characterized by higher LDL-C and lower TG, 
T-CHOL and HDL-C levels. Both Random Forest 
and logistic regression model showed powerful 
prediction ability in distinguishing rheumatoid 
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arthritis from normal samples. Therefore, alter-
ation in serum lipid profiles may have a diag-
nostic role in the future and can be used as a 
biochemical indicator for the real-time surveil-
lance of rheumatoid arthritis. 

The previous reports on T-CHOL and LDL-C lev-
els in RA patients are conflicting: some studies 
found similar [4] or lower [9] levels of TC, while 
others showed increased levels of TC and LDL-C 
in patients with early RA [10]. This conflict might 
be the bias caused by small sample size in 
each study.  Our results revealed that the levels 
of TG, T-CHOL and HDL-C were significantly 
lower in RA patients than those in normals, 
while LDL-C was significantly higher in RA pa- 
tients than that in normals. Atherogenic index 
of serum (AIP) was significantly higher in 
patients than that in controls, indicating a more 
atherogenic lipid profile in rheumatoid arthritis, 
which is consistent with the previous reports 
[11].

The cause or consequence of abnormal serum 
lipid profile in rheumatoid arthritis was not fully 
defined yet [12]. Treatment of inflammation in 
RA patients which affecting the levels of lipid 
profile [13] indicated that aberrant lipid profile 
in RA might be caused by inflammation. 

However, RA susceptibility genes, such as 
CTLA-4, IL-10, PTPN22, REL, STAT4, TNF and 
TRAF1 were found to be significantly associat-
ed with lipid profiles in RA patients [14]. Ad- 
ditionally, lipid profile change seemed to be an 
early event in the process of rheumatoid arthri-
tis [15]. These evidences revealed that lipid 
profile aberrant play an important role in the 
development of rheumatoid arthritis. Serum lip-
ids level represents the physiological and path-
ological status, and comprehensive analysis on 
the serum lipids profiles could provide abun-
dant information for individuals. It was demon-
strated from the present study that serum lipid 
profiles could be taken as an important auxilia-
ry tool to the diagnosis of rheumatoid arthritis.

Many evidences have showed lipid profile was 
associated with a number of diseases. The 
enhanced TG, LDL-C and VLDL-C and decreased 
HDL-C value increased the risk of coronary 
heart disease [16], HDL-C level have been 
shown to be higher in the subject with exten-
sive mammographic dysplasia and family his-
tory of breast cancer. In addition, lipid profile 
has been proposed to be associated with type 
2 diabetes, lupus and multiple sclerosis. 
Furthermore, lipid profiles would also vary in 
the different conditions which include lipid-low-
ering medication use, TNFi therapy, age, gen-
der, physical activity [17]. Therefore, compre-
hensive serum lipid profile determination would 
be great benefit for the diagnosis or real-time 
surveillance for the common autoimmune dis-
ease. In the next step, we will collect more and 
more lipid profile data from multiple autoim-
mune diseases and cancers and apply multi-
class prediction analysis to check whether the 
lipid profile could distinguish multiple classes 
with high sensitivity, specificity, accuracy and 
efficiency. 

In summary, the present study demonstrated 
that the lipid profile of rheumatoid arthritis is 
characterized by higher LDL-C and lower TG, 
T-CHOL and HDL-C levels in a large Chinese 
Han population. Regardless the mechanism, 
serum lipid profile can be taken as an impor-
tant auxiliary diagnosis method to rheumatoid 
arthritis.  

Lipid profiles are significantly associated with 
rheumatoid arthritis (RA). T-CHOL, TG and HDL 
were significant protective factors, while LDL 
was a significant risk factor to RA. No signifi-

Figure 1. Performance of six prediction model 
showed with receiver-operation-curve. Model A in-
cluded feature of gender, age. Model B included the 
features of gender, age and T-CHOL. Model C includ-
ed features of gender, age, T-CHOL and TG. Model 
D features of gender, age, T-CHOL, TG and HDL-C. 
Model E features of gender, age, T-CHOL, TG, LDL-C. 
Model F features of gender, age, T-CHOL, TG, HDL-C 
and LDL-C.
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cant correlation between lipid profiles and RF. 
Lipid profile might be an independent biomark-
er in RA patient diagnosis.
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