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Abstract
This study is asked to investigate the effects of belimumab on the lipid profile in systemic lupus erythematosus (SLE) patients. 
Forty-one SLE patients who received at least 6 months of belimumab treatment were retrospectively analyzed. The control 
group consisted of 56 age- and sex-matched lupus patients not treated with belimumab. The changes in lipid profile after a 
6-month treatment were compared between the two groups. Generalized estimating equation (GEE) analyses were performed 
to examine lipid levels longitudinally during the period and the effect of clinical response variables and medication on the 
lipid profile in the belimumab group. In the belimumab group, high-density lipoprotein (HDL) cholesterol levels increased 
significantly after the 6-month treatment (P = 0.02). After 1 month, HDL, apolipoprotein A-I (apoA-I) significantly increased 
by 13.8 and 11.4%, compared with baseline, respectively. After 3 months, HDL and apoA-I increased by 9.0 and 7.1%, 
respectively. After 6 months, HDL increased by 7.6% compared with baseline. Total cholesterol, triglycerides, low-density 
lipoprotein cholesterol, and apolipoprotein B did not change significantly over the course of treatment. GEE analyses indicated 
a significant association between HDL and disease activity indexes, such as IgG, anti-dsDNA, and complement C3. Subgroup 
analysis revealed significant changes in HDL only in patients who had achieved a ≥ 4-point reduction in SLEDAI-2 K after 
6 months of belimumab treatment. Belimumab treatment may result in a long-term increase in HDL level in SLE patients by 
improving control of lupus activity. This might have beneficial effects on controlling cardiovascular risk in lupus patients.

Key Points
• Treatment with belimumab resulted in a significant and sustained increase in the HDL levels in SLE patients.
• Significant changes in HDL were observed in lupus patients treated with belimumab who had a better clinical response.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune disease characterized by B-cell hyperactivation and 
autoantibody production [1]. As is well known, the risk of 
cardiovascular disease (CVD) is increased in SLE. A recent 
systematic review indicates that the risk of CVD in SLE 
patients is about two- to three-fold compared with that 
in adults without SLE [2]. SLE patients also experience 

increased cardiovascular mortality, which is one of the lead-
ing causes of death [3]. Atherosclerosis (AS) is a multifac-
torial process, and as a traditional risk factor, lipid abnor-
malities may play a pivotal role in the development of AS. 
Lipid metabolism in SLE patients has been demonstrated 
to be disturbed, with high levels of triglycerides (TG), total 
cholesterol(TC), low-density lipoprotein (LDL) cholesterol, 
apolipoprotein B (apoB), and low levels of high-density lipo-
protein (HDL) cholesterol and apolipoprotein A-I (apoA-I) 
[4–7]. Inflammation, disease activity, and medicine may 
aggravate lipid abnormalities in SLE patients.

With the availability of biological drugs, the prognosis 
of rheumatic diseases has improved markedly, including a 
cardioprotective effect. Several biologics have been dem-
onstrated to influence lipid and lipid metabolism, such as 
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IL-6 receptor antagonists, TNF inhibitors, rituximab, and 
JAK inhibitors [8, 9]. B-lymphocyte stimulator (BLyS), 
also named B-cell activating factor (BAFF), is a cytokine 
that has a critical role in B-cell survival, maturation, and Ig 
production [10, 11]. BLyS overexpression may contribute 
to SLE pathogenesis [12]. Belimumab, a human monoclo-
nal antibody targeting BLyS, has been approved for treating 
SLE in 2011 by FDA and in 2019 by sino-FDA. The role 
of BAFF in atherosclerosis is debated, with studies show-
ing both protective and harmful effects. Genomic data sug-
gested that the BAFF receptor pathway played a key role in 
coronary heart disease [13]. Deleting or blocking the BAFF 
receptor could reduce experimental atherosclerosis in mice 
[14, 15]. On the other hand, overexpression of BAFF had 
been shown to decrease atherosclerosis in hyperlipidemic 
mouse models [16]. Treatment with anti-BAFF antibodies 
had been found to increase atherosclerosis in mice [17]. 
The impact of BAFF on atherosclerosis in the lupus-prone 
backgroud of  ApoE−/− mice depended on TC levels, BAFF 
neutralization improved atherosclerosis lesions in mice with 
low cholesterol levels but worsened the lesions in mice with 
high cholesterol levels [18].

BAFF is also known as an adipokine that links obesity 
and inflammation [19]. Increased serum BAFF was related 
to obesity-related metabolic alterations and endothelial dys-
function [20]. Studies on the impact of BAFF on lipids have 
produced conflicting results. BAFF overexpression in mice 
led to decreased VLDL levels without affecting HDL levels 
[16]. However, BAFF neutralization or blocking the BAFF 
receptor had no direct effect on lipids in hyperlipidemic mice 
[15, 17, 18].

In SLE patients, high levels of BAFF were associated 
with subclinical atherosclerosis [18]. Dyslipidemia is an 
initiating factor in the development of atherosclerosis, and 
the effects of anti-BAFF biologics on SLE patients’ lipid 
profiles are unknown. A recent study from Greece found no 
significant changes in the lipid profile of 35 SLE patients 
treated with belimumab for 6 months [21]. Nevertheless, 
the absence of corroborative research necessitates further 
investigation. Due to the controversial role of BAFF in ath-
erosclerosis and lipids in mouse models and limited avail-
ability of data in existing literature for clinical study, the 
present study seeks to explore alterations in lipid profiles 
among Chinese SLE patients undergoing belimumab treat-
ment over an extended period.

Patients and methods

Paticipant selection

We conducted a retrospective longitudinal observation 
study. Data from SLE inpatients who initially received at 

least consecutive 6-month administration of belimumab 
between April 2020 and March 2023 were collected from 
the Zhongshan Hospital Xiamen University. SLE inpatients 
who did not receive belimumab or other biologic treatment 
during the same period were selected as the control group. 
Inclusion criteria were as follows: (1) patients with age more 
than 18 years; (2) patients fulfilled American College of 
Rheumatology or Systemic Lupus International Collaborat-
ing Clinics criteria [22]; and (3) availability of laboratory 
data regarding lipid profile at baseline and 6 months after 
the treatment. In the belimumab group, all patients were 
administered 10 mg/kg intravenous infusion of belimumab 
on days 0, 14, and 28 and every month for at least 6 months. 
This study was approved by the ethical committee of the 
Zhongshan Hospital Xiamen University (2023–105) and was 
carried out in accordance with the Declaration of Helsinki. 
Informed consent was obtained from patients.

Data collection

Demographic, clinical features, laboratory data, and medi-
cation details were obtained at baseline. Medication details 
including the usage of prednisone, hydroxychloroquine 
(HCQ), and lipid-lowering drugs were collected at base-
line, 1 month, 3 months, and 6 months in the belimumab 
group. The lipid profile included levels of TC, HDL, TG, 
LDL, apoB, and apoA-I. Lupus activity-related labora-
tory data included anti-dsDNA, lgG, complement C3, and 
C-reactive protein (CRP). Systemic Lupus Erythematosus 
Disease Activity Index 2000 (SLEDAI-2 K) data and modi-
fied Framingham risk score (mFRS) [23] were collected at 
baseline and 6 months.

Statistical analysis

The distribution of variables was tested for normality. Met-
ric data are represented herein as mean ± standard deviation 
(SD) or median (p25, p75). Categorical data are represented 
herein in terms of frequency and composition. T-test or 
nonparametric Mann–Whitney test was used for the com-
parisons of the lipid levels at baseline. Paired two-sample 
t-test or the related sample Wilcoxon’s signed-rank test was 
used for bivariate comparisons of changes in lipid levels, 
SLEDAI-2 K, and mFRS after 6 months. Spearman’s rank 
correlation coefficient was calculated to investigate the asso-
ciation between the change in lipid levels and lupus activity. 
Owing to the longitudinal study design, we used GEE analy-
ses to examine the differences in the lipid levels over time 
in belimumab group, as it can handle unequally spaced time 
intervals and missing data [24]. Additionally, GEE analyses 
were conducted to assess the impact of medication on the 
lipids. The lipid value was treated as a dependent variable 
in this analysis. Age, gender, and medication were adjusted 
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for this analysis as appropriate. A log transformation was 
performed for data with a skew distribution before GEE 
analyses, such as TG. GEE analyses were carried out by 
using the exchangeable correlation matrix. A p-value < 0.05 
was considered statistically significant. All analyses were 
conducted with SPSS 21.0.

Results

Patient’s characteristics at baseline

A total of 119 patients received belimumab treatment from 
April 2020 to March 2023 were reviewed, of whom, five 
were aged < 18 years, 47 did not receive continuous treat-
ment for 6 months, and 23 stopped belimumab treatment 
within 6 months (2 [1.6%] because of inefficacy, 2 [1.6%] 
due to adverse events, and 19 [15.9%] were lost to follow-up, 
none for a CVD event), and lipid profile data were not avail-
able for three patients. Finally, 41 patients were enrolled in 
the belimumab group (age 35.3 ± 9.8 years, 97.6% females), 
with 56 patients in the control group (age 38.8 ± 10.6 years, 
87.5% females). Characteristics at baseline are encapsulated 
in Table 1. All participants belonged to Han ethnicity. All 
patients did not receive any special dietary regimen during 
treatment. There were no significant differences in age, sex, 
SLE duration, and frequency of lupus nephritis between the 
two groups (all P > 0.05). No significant differences were 
observed in frequency of smoking, overweight or diabetes 

between the two groups (all P > 0.05). Baseline lupus activ-
ity-related data were not significantly different between the 
two groups, including SLEDAI-2 K, anti-dsDNA levels, 
IgG, and C3 (all P > 0.05). The frequency of concomitant 
treatment with HCQ, prednisone, and lipid-lowering drugs 
was reported with no significant statistical differences (all 
P > 0.05). In addition to prednisone and HCQ, other immu-
nosuppressants used in the belimumab group included 
cyclophosphamide (n = 1, 2.4%), mycophenolate mofetil 
(n = 3, 7.2%), cyclosporin A (n = 2, 4.9%), tacrolimus (n = 1, 
2.4%),leflunomide (n = 1, 2.4%), azathioprine (n = 2, 4.9%), 
and iguratimod (n = 1, 2.4%). There were no significant dif-
ferences in the prednisone dose at baseline between the two 
groups (all P > 0.05). During the 6-month treatment, the 
mean daily prednisone dose did not show significant differ-
ences between the two groups (17.1 ± 11.1 vs. 15.4 ± 8.5, 
P > 0.05).

Changes in lipid levels

As shown in Table 2, the mean values of TC, HDL, LDL, 
apoA-I, and apoB were statistically not different between 
the groups at baseline (all P > 0.05). The median value of 
TG in the control group was significantly higher than in the 
belimumab group at baseline (1.34 (1.05–1.92) vs. 1.12 
(0.88–1.72), P = 0.04) (Table 2).

Table 3 shows the changes in lipid levels between the 
two groups after 6 months of treatment. In the belimumab 
group, HDL levels increased significantly after the 6-month 

Table 1  Characteristics of the 
patients at baseline

Values are mean ± SD or median (p25–p75). BMI body mass index, SLEDAI-2 K Systemic Lupus Erythe-
matosus Disease Activity Index 2000, HCQ hydroxychloroquine

Control (n = 56) Belimumab (n = 41) P value

Age, years 38.8 ± 10.6 35.3 ± 9.8 0.10
Female, n (%) 49 (87.5%) 40 (97.6%) 0.16
Current smokers, n (%) 2 (3.6%) 0 (0%) 0.51
BMI ≥ 25, n (%) 6 (10.7%) 2 (4.9%) 0.51
Diabetes mellitus, n (%) 0 1(2.4%) 0.42
Modified Framingham risk score (%) 3.9 (1.3–15.9) 2.4 (1–7.45) 0.17
SLE duration, years 2.0 (1.0–9.0) 6.0 (2.0–10.0) 0.09
Lupus nephritis, n (%) 21 (37.5%) 21 (51.2%) 0.18
SLEDAI-2 K 4.0 (2.0–11.0) 8.0 (4.0–12.0) 0.11
IgG, g/L 13.0 ± 6.8 14.5 ± 8.1 0.35
C3, g/L 0.74 ± 0.23 0.70 ± 0.28 0.50
Anti-dsDNA, IU/mL 100 (0–432) 57 (7.2–318.0) 0.82
Lipid-lowering drugs, n (%) 16 (28.6%) 7 (17.1%) 0.19
Statins, n (%) 15 (26.8%) 6 (14.6%) 0.15
Fibrates, n (%) 1 (1.8%) 1 (2.4%) 1.00
HCQ, n (%) 43 (76.8%) 37 (90.2%) 0.09
Prednisone use, n (%) 53 (94.6%) 39 (95.1%) 1.00
Prednisone dose, mg/day 15 (7.5–35) 20 (10–40) 0.27
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treatment (P = 0.02). After the 6-month treatment, the TG 
levels in the control group significantly decreased (P = 0.03). 
The changes of TC, LDL, apoA-I, and apoB were not sig-
nificantly different in both two groups after 6-month treat-
ment (all P > 0.05). There was a significant decline in SLE-
DAI-2 K in both the control group (baseline vs. 6 months: 
4.0 vs. 3.0, P < 0.01) and the belimumab group (baseline 
vs. 6 months: 8.0 vs. 4.0, P < 0.01). The decreased SLE-
DAI-2 K showed no significant difference between the 
control group and the belimumab group (0 vs. 2, P = 0.11). 
To further explore the association between TG and lupus 
activity in the control group, Spearman’s rank correlation 
coefficients were calculated. We found statistically signifi-
cant correlations between the reduction in TG levels and 

the reduction in SLEDAI-2 K after the 6-month treatment 
(r = 0.34, P = 0.01). To evaluate the impact of the change of 
HDL on CVD risk control, we chose modified Framingham 
risk score as a tool, and the belimumab group did not experi-
ence a significant change in mFRS (baseline vs. 6 months: 
2.4 (1–7.45) vs. 1.6 (1–6.55) %, P = 0.21).

Table 4 summarizes the changes in lipid levels over 
time in the belimumab group during 6-month treatment, as 
determined by performing GEE analysis adjusted for age 
and gender. After 4 weeks of treatment with belimumab, 
HDL increased by 13.8% (P < 0.001). ApoA-I levels also 
increased by 11.4% compared with baseline (P < 0.001). 
After 3 months, a significant increase in HDL and apoA-I 
was maintained. After 6 months, the level of HDL remained 
a 7.5% increase compared with baseline (P = 0.014). After 
6 months of treatment apoA-I exhibited, no significant dif-
ference compared with the baseline. TC, TG, LDL, and apoB 
did not change significantly throughout the treatment period.

Subgroup analysis in the belimumab group

Next, we attempted to further explore the effect of lupus 
disease activities on lipids in the belimumab group. To 
this end, we stratified the patients into two subgroups 
according to whether the patients had achieved a ≥ 4-point 
reduction in SLEDAI-2 K after 6 months of belimumab 
treatment. As shown in Table 5, significant changes in 
HDL were observed only in those patients who had a 

Table 2  Lipid profile at baseline

Values are mean ± SD or median (p25–p75). *P < 0.05. TC total cho-
lesterol, HDL high-density lipoprotein cholesterol, LDL low-density 
lipoprotein cholesterol, TG triglycerides, apoA-I apolipoprotein A1, 
apoB apolipoprotein B

Control (n = 56) Belimumab (n = 41) P value

TC (mmol/L) 4.84 ± 1.31 4.79 ± 1.38 0.86
HDL (mmol/L) 1.32 ± 0.38 1.45 ± 0.42 0.11
TG (mmol/L) 1.34 (1.05–1.92) 1.12 (0.88–1.72) 0.04*
LDL (mmol/L) 3.14 ± 1.09 3.03 ± 0.97 0.61
ApoA-I (g/L) 1.41 ± 0.42 1.40 ± 0.36 0.96
ApoB (g/L) 0.91 ± 0.30 0.85 ± 0.27 0.26

Table 3  Lipoprotein level 
changes at 6 months

* P < 0.05
a Wilcoxon signed-rank test conducted

Control (n = 56) Belimumab (n = 41)

Mean differences (SD) P Mean differences (SD) P

TC (mmol/L)  − 0.15 (1.27) 0.38  − 0.05 (0.91) 0.72
HDL (mmol/L) 0.08 (0.40) 0.15 0.11 (0.29) 0.02*
LDL (mmol/L)  − 0.15 (1.10) 0.33  − 0.05 (0.72) 0.64
ApoA-I (g/L) 0.04 (0.43) 0.49 0.08 (0.36) 0.19
ApoB (g/L)  − 0.08 (0.28) 0.05  − 0.02 (0.20) 0.53

Mean differences; Z P Mean differences; Z P
TG (mmol/L)a  − 0.28; − 2.13 0.03*  − 0.02; − 0.39 0.71

Table 4  Changes in the lipid 
profile during treatment with 
belimumab

Values are mean ± SD or median (p25–p75). *P < 0.05 compared with baseline performed by GEE analyses

Variable Baseline 1 month 3 months 6 months

TC (mmol/L) 4.79 ± 1.38 5.11 ± 1.34* 4.89 ± 1.07 4.74 ± 0.85
HDL (mmol/L) 1.45 ± 0.42 1.65 ± 0.38* 1.58 ± 0.33* 1.56 ± 0.32*
TG (mmol/L) 1.12 (0.88–1.72) 1.22 (0.88–1.56) 1.24 (0.87–1.54) 1.12 (0.74–1.42)
LDL (mmol/L) 3.03 ± 0.97 3.19 ± 0.94 3.07 ± 0.74 2.97 ± 0.61
apoA-I (g/L) 1.40 ± 0.36 1.56 ± 0.36* 1.50 ± 0.27* 1.49 ± 0.31
apoB (g/L) 0.85 ± 0.27 0.89 ± 0.27 0.86 ± 0.23 0.82 ± 0.20
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better clinical response after 1, 3, and 6 months of beli-
mumab treatment. ApoA-I increased in both groups after 
1 month. However, no significant change was observed 
after 6 months compared with baseline (data not shown). 
ApoB levels significantly increased in deltaSLE-
DAI-2 K < 4 group after 1 month and 3 months but not in 
6 months (data not shown). TC, TG, and LDL displayed 
no significant difference after treatment over time in both 
groups (data not shown herein).

Effects of disease activity indicators and medication 
on HDL and apoA‑I in the belimumab group

As the change in HDL over time was significant and 
sustained during the belimumab treatment, we further 
explored the effects of lupus activity indicators and medi-
cation on HDL and apoA-I. After adjusting for age and 
gender, HDL levels were significantly associated with dis-
ease activity according to GEE analyses. HDL was posi-
tively correlated with C3 (regression coefficient = 0.247, 
P = 0.033), which implies that if C3 increases by 1 g/L, 
HDL will increase by 0.247 mmol/L. IgG and anti-dsDNA 
were significantly inversely associated with HDL (regres-
sion coefficient =  − 0.032, P < 0.001, and regression 
coefficient =  − 0.0002, p = 0.004, respectively). Likewise, 
a negative correlation was noted between apoA-I and IgG 
(regression coefficient =  − 0.028, P < 0.001) and anti-
dsDNA (regression coefficient =  − 0.0002, P = 0.015). 
The inflammatory marker CRP and prednisone dose 
did not display a significant association with HDL and 
apoA-I. In the GEE analysis investigating the changes in 
the lipid profile at different time points, after adjustment 
for the usage of HCQ, antihyperlipidemic drugs, and the 
prednisone dose, the results corresponding to HDL levels 
did not change (data not shown herein).

Discussion

In this retrospective clinical study, we investigated the 
relationship between lipid profile and belimumab treat-
ment in SLE patients. It appears that belimumab might 
have a beneficial effect on HDL levels of SLE patients.

Studies on the effect of biologics targeting B cells on 
patients’ lipid profiles are limited, and their findings are 
inconsistent and contentious. Rituximab, a monoclo-
nal antibody targeting B cell, is usually administered to 
refractory lupus patients. Two previous studies evaluated 
the change in lipid profiles in SLE patients who received 
rituximab treatment. One retrospective study reported 
that rituximab could increase HDL levels and decrease 
TG levels in SLE patients after 1 year of follow-up [25]. 
Another study demonstrated that TG levels were reduced 
after rituximab treatment for at least 6 months, whereas 
HDL levels remained unchanged [26]. Belimumab, a bio-
logic targeting B cells, was confirmed to be effective in 
reducing SLE disease activity and facilitating glucocor-
ticoid tapering [27, 28]. Recently, a study from Greece 
showed that the lipid profile did not significantly change 
in SLE patients treated with belimumab [21] In our study, 
adjusted GEE analysis indicated that HDL levels signifi-
cantly increased after 1 month, 3 months, and 6 months of 
belimumab treatment. The disparities between the stud-
ies might be due to the heterogeneity between the groups 
of populations studied, in terms of age, smoking, and 
BMI. HDL cholesterol is known to have an atheroprotec-
tive effect and the ability to block LDL oxidation. Many 
pieces of evidence suggest that HDL levels are decreased 
and dysfunctional HDL is developed in SLE patients [29]. 
HDL-targeted therapies have been proposed as a potential 
therapeutic intervention in SLE patients with CVD [30, 
31]. Although in this study, the change in HDL was small 
after 6 months treatment, it has been shown that every 
0.026 mmol/L increment in HDL resulted in a 2–3% reduc-
tion in CVD risk [32]. It has been reported that patients 
with SLE have anti-HDL antibodies. High levels of anti-
HDLwere associated with decreased levels of HDL in 
SLE patients [33]. There was also an association between 
anti-HDL and increased SLE disease activity and reduced 
HDL antioxidant and atheroprotective functions [34]. 
Similar results have also been reported in aging gener-
alized lymphoproliferative disorder (GLD) mice, where 
reduced HDL was association with the development of 
autoimmunity, and the anti-apoA-I contributed to reduc-
ing HDL-C levels independent of hepatic HDL biogenesis 
[35]. Whether belimumab could increase HDL levels by 
decreasing the levels of antiantibodies targeting HDL still 
needs to be explored in the future. Since this is a retrospec-
tive study, we are unable to further investigate how HDL 

Table 5  Influence of clinical response on HDL levels in belimumab 
group

Changes in lipid levels were calculated as changes from baseline. 
*P < 0.05, **P < 0.01, and ***P < 0.001. All values compared 
with the baseline performed by GEE analyses. Delta-SLEDAI-2  K, 
changes in SLEDAI-2 K after 6 months of belimumab treatment

Delta-SLEDAI-2 K ≥ 4
(n = 19)

Delta-SLE-
DAI-2 K < 4 
(n = 22)

HDL (mmol/L) Baseline 1.446 ± 0.386 1.457 ± 0.460
1 month  + 0.268***  + 0.144**
3 months  + 0.205**  + 0.065
6 months  + 0.167*  + 0.064
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functions change after belimumab treatment. However, a 
recent study indicated that belimumab may improve the 
atheroprotective properties of HDL in SLE patients, which 
suggested a favorable impact on CVD risk control [21].

Several studies have demonstrated that SLE patients 
have altered lipid profiles. Low levels of HDL, elevated 
very low-density lipoprotein (VLDL) cholesterol, and 
TGs have been defined as the “lupus pattern” [7]. In active 
SLE, an increment in TG and a decrement in HDL and 
LDL have been observed. One of the identified reasons 
is the lupus disease activity [7, 36, 37]. Recent evidence 
confirmed that SLE exerted a causal effect on lowering 
HDL and apoA-I [38, 39]. In our study in the control group 
with higher TG levels at baseline, a significant decrease in 
TG levels was observed after 6-month treatment without 
belimumab. The improvement in TG levels coincided with 
the decreased SLEDAI-2 K after 6 months treatment. It 
is possible that the change in TG levels was due to the 
improvement of SLE disease activity. Consistent with pre-
vious findings, in the belimumab group, we noted signifi-
cant correlations between HDL and SLE disease activity 
indicators, such as IgG, anti-dsDNA, and C3. ApoA-I, as 
a main part of HDL, was significantly correlated with IgG 
and anti-dsDNA. In the subgroup analysis, as treatment 
time was prolonged, a significant improvement in HDL 
was only observed in patients who had better improve-
ment in SLEDAI-2 K. It appears that the favorable effect 
of belimumab on HDL levels only applies to SLE patients 
who have a better response. Considering that belimumab 
does not directly affect lipid metabolism, it is likely that 
the beneficial effects on HDL levels are mediated by the 
improvement in disease activity.

Inflammation is believed to be involved in the develop-
ment of dyslipidemia, and B cells play a role in produc-
tion of inflammatory cytokines. However, in the belimumab 
group, we did not find a relationship between CRP and HDL 
or apoA-I. Whether belimumab can mediate the effects on 
lipids indirectly by reducing the production of inflammatory 
cytokines is still unknown.

We also explored the medication that may affect the level 
of HDL, including antihyperlipidemic drugs, HCQ, and 
prednisone. HCQ usage has been reported to increase HDL 
levels in lupus patients [40]. However, adjustment of anti-
hyperlipidemic drugs and HCQ application did not change 
the significant results concerning the changes in HDL in 
the GEE analyses. The corticosteroid therapy increased TC, 
LDL, and TG in lupus patients [37]. In this study, no signifi-
cant association was observed between prednisone and HDL 
level. The mean daily prednisone dose did not show signifi-
cant differences between the two groups during the 6-month 
treatment. Adjustment of the daily dosages of prednisone 
did not change the result corresponding to HDL at different 
timepoints (data not shown herein). Thus, a reduction in 

steroid dose is unlikely to explain the improvement in HDL 
levels of the belimumab group.

This study has a few limitations. First, due to the retro-
spective nature of this study, there may have been selection 
bias at the baseline. Second, as the number of subjects was 
small, limited adjustment was made for covariables due to 
its small sample size. Third, possible bias of this study is the 
relatively short observation time. Fourth, because a large 
proportion of the data of 24-h urine protein was missing, we 
did not analyze the effect of urine protein on lipid profile.

In summary, belimumab treatment may have resulted in 
a long-term increase on the level of HDL in SLE patients by 
improving control of lupus activity. Prospective studies are 
required to establish whether belimumab treatment results 
in a lower cardiovascular risk.

Author contributions DL and RD designed this study. SH and DL col-
lected the data and performed the statistical analysis. DL drafted the 
manuscript. The final manuscript was read and approved by all authors.

Data availability The datasets used or analyzed in this study are avail-
able from the corresponding author on reasonable request.

Declarations 

Ethical approval and consent to participate This study was approved 
by the ethical committee of the Zhongshan Hospital Xiamen University 
(2023–105) and was carried out in accordance with the Declaration of 
Helsinki. Informed consent was obtained from all patients.

Disclosures None.

References

 1. Kiriakidou M, Ching CL (2020) Systemic lupus erythematosus. 
Ann Intern Med 172:ITC81–ITC96. https:// doi. org/ 10. 7326/ aitc2 
02006 020

 2. Schoenfeld SR, Kasturi S, Costenbader KH (2013) The epidemi-
ology of atherosclerotic cardiovascular disease among patients 
with SLE: a systematic review. Semin Arthritis Rheum 43:77–95. 
https:// doi. org/ 10. 1016/j. semar thrit. 2012. 12. 002

 3. Fors Nieves CE, Izmirly PM (2016) Mortality in systemic lupus 
erythematosus: an updated review. Curr Rheumatol Rep 18.https:// 
doi. org/ 10. 1007/ s11926- 016- 0571-2

 4. Huang S, Zhang Z, Cui Y, Yao G, Ma X, Zhang H (2023) Dys-
lipidemia is associated with inflammation and organ involvement 
in systemic lupus erythematosus. Clin Rheumatol 42:1565–1572. 
https:// doi. org/ 10. 1007/ s10067- 023- 06539-2

 5. Diószegi Á, Lőrincz H, Kaáli E et al (2023) Role of altered metab-
olism of triglyceride-rich lipoprotein particles in the development 
of vascular dysfunction in systemic lupus erythematosus. Biomol-
ecules 13:401. https:// doi. org/ 10. 3390/ biom1 30304 01

 6. Atta AM, Silva JPCG, Santiago MB, Oliveira IS, Oliveira RC, 
Sousa Atta MLB (2018) Clinical and laboratory aspects of dys-
lipidemia in Brazilian women with systemic lupus erythema-
tosus. Clin Rheumatol 37:1539–1546. https:// doi. org/ 10. 1007/ 
s10067- 018- 4051-0

https://doi.org/10.7326/aitc202006020
https://doi.org/10.7326/aitc202006020
https://doi.org/10.1016/j.semarthrit.2012.12.002
https://doi.org/10.1007/s11926-016-0571-2
https://doi.org/10.1007/s11926-016-0571-2
https://doi.org/10.1007/s10067-023-06539-2
https://doi.org/10.3390/biom13030401
https://doi.org/10.1007/s10067-018-4051-0
https://doi.org/10.1007/s10067-018-4051-0


2519Clinical Rheumatology (2024) 43:2513–2520 

 7. Borba EF, Bonfá E (2016) Dyslipoproteinemias in systemic 
lupus erythematosus: influence of disease, activity, and anticar-
diolipin antibodies. Lupus 6:533–539. https:// doi. org/ 10. 1177/ 
09612 03397 00600 610

 8. Robinson G, Pineda-Torra I, Ciurtin C, Jury EC (2022) Lipid 
metabolism in autoimmune rheumatic disease: implications for 
modern and conventional therapies. J Clin Investig 132.https:// 
doi. org/ 10. 1172/ jci14 8552

 9. Hasni SA, Gupta S, Davis M et al (2021) Phase 1 double-blind 
randomized safety trial of the Janus kinase inhibitor tofacitinib 
in systemic lupus erythematosus. Nat Commun 12.https:// doi. 
org/ 10. 1038/ s41467- 021- 23361-z

 10. Rolink AG, Tschopp J, Schneider P, Melchers F (2002) BAFF 
is a survival and maturation factor for mouse B cells. Eur J 
Immunol 32:2004. https:// doi. org/ 10. 1002/ 1521- 4141(200207) 
32:7% 3c200 4:: aid- immu2 004% 3e3.0. co;2-5

 11. Batten M, Groom J, Cachero TG et al (2000) Baff mediates 
survival of peripheral immature B lymphocytes. J Exp Med 
192:1453–1466. https:// doi. org/ 10. 1084/ jem. 192. 10. 1453

 12. Steri M, Orrù V, Idda ML et  al (2017) Overexpression of 
the cytokine BAFF and autoimmunity risk. N Engl J Med 
376:1615–1626. https:// doi. org/ 10. 1056/ NEJMo a1610 528

 13. Huan T, Zhang B, Wang Z et  al (2013) A systems biology 
framework identifies molecular underpinnings of coronary heart 
disease. Arterioscler Thromb Vasc Biol 33:1427–1434. https:// 
doi. org/ 10. 1161/ atvba ha. 112. 300112

 14. Schmidt HHHW, Kyaw T, Tay C et al (2012) Depletion of B2 
but Not B1a B cells in BAFF receptor-deficient ApoE−/− mice 
attenuates atherosclerosis by potently ameliorating arterial 
inflammation. PLoS ONE 7:e29371. https:// doi. org/ 10. 1371/ 
journ al. pone. 00293 71

 15. Heimesaat MM, Kyaw T, Cui P et al (2013) BAFF receptor 
mAb treatment ameliorates development and progression of 
atherosclerosis in hyperlipidemic ApoE−/− mice. PLoS ONE 
8:e60430. https:// doi. org/ 10. 1371/ journ al. pone. 00604 30

 16. Jackson SW, Scharping NE, Jacobs HM, Wang S, Chait A, Raw-
lings DJ (2016) Cutting edge: BAFF overexpression reduces 
atherosclerosis via TACI-dependent B cell activation. J Immu-
nol 197:4529–4534. https:// doi. org/ 10. 4049/ jimmu nol. 16011 98

 17. Tsiantoulas D, Sage AP, Göderle L et al (2018) B cell–activat-
ing factor neutralization aggravates atherosclerosis. Circulation 
138:2263–2273. https:// doi. org/ 10. 1161/ circu latio naha. 117. 
032790

 18. Saidoune F, Even G, Lamri Y et al (2020) Effects of BAFF 
neutralization on atherosclerosis associated with systemic lupus 
erythematosus. Arthritis Rheumatol 73:255–264. https:// doi. 
org/ 10. 1002/ art. 41485

 19. Kim Y-H, Choi B-H, Cheon H-G, Do M-S (2009) B cell activa-
tion factor (BAFF) is a novel adipokine that links obesity and 
inflammation. Exp Mol Med 41:208. https:// doi. org/ 10. 3858/ 
emm. 2009. 41.3. 024

 20. Sánchez DCV, Castellanos SG, Sandoval MEV, García AG 
(2022) B-cell activating factor increases related to adiposity, 
insulin resistance, and endothelial dysfunction in overweight 
and obese subjects. Life 12:634. https:// doi. org/ 10. 3390/ life1 
20506 34

 21. Dedemadi A-G, Gkolfinopoulou C, Nikoleri D et al (2024) 
Improvement of high-density lipoprotein atheroprotective 
properties in patients with systemic lupus erythematosus after 
belimumab treatment. Rheumatology. https:// doi. org/ 10. 1093/ 
rheum atolo gy/ keae1 92

 22. Petri M, Orbai A-M, Alarcón GS et al (2012) Derivation and 
validation of the systemic lupus international collaborating 
clinics classification criteria for systemic lupus erythematosus. 
Arthritis Rheum 64:2677–2686. https:// doi. org/ 10. 1002/ art. 
34473

 23. Urowitz MB, Ibañez D, Su J, Gladman DD (2016) Modified 
Framingham risk factor score for systemic lupus erythematosus. 
J Rheumatol 43:875–879. https:// doi. org/ 10. 3899/ jrheum. 150983

 24. Twisk JWR (2003) Longitudinal data analysis. a comparison 
between generalized estimating equations and random coefficient 
analysis. Eur J Epidemiol 19:769–776. https:// doi. org/ 10. 1023/B: 
EJEP. 00000 36572. 00663. f2

 25. Pego-Reigosa JM, Lu TYT, Fontanillo MF, Campo-Perez Vd, 
Rahman A, Isenberg DA (2010) Long-term improvement of lipid 
profile in patients with refractory systemic lupus erythematosus 
treated with B-cell depletion therapy: a retrospective observational 
study. Rheumatology 49:691–696. https:// doi. org/ 10. 1093/ rheum 
atolo gy/ kep446

 26. Fernández-Nebro A, Marenco JL, López-Longo F et al (2014) 
The effects of rituximab on the lipid profile of patients with active 
systemic lupus erythematosus: results from a nationwide cohort 
in Spain (LESIMAB). Lupus 23:1014–1022. https:// doi. org/ 10. 
1177/ 09612 03314 534909

 27. Singh JA, Shah NP, Mudano AS (2021) Belimumab for systemic 
lupus erythematosus. Cochrane Database Syst Rev 2021.https:// 
doi. org/ 10. 1002/ 14651 858. CD010 668. pub2

 28. Huang SP, Snedecor SJ, Nanji S, Lloyd E, Bell CF (2022) Real-
world effectiveness of belimumab in systemic lupus erythemato-
sus: a systematic literature review. Rheumatol Ther 9:975–991. 
https:// doi. org/ 10. 1007/ s40744- 022- 00454-9

 29. McMahon M, Grossman J, Skaggs B et al (2009) Dysfunctional 
proinflammatory high-density lipoproteins confer increased risk 
of atherosclerosis in women with systemic lupus erythematosus. 
Arthritis Rheum 60:2428–2437. https:// doi. org/ 10. 1002/ art. 24677

 30. Smith CK, Seto NL, Vivekanandan-Giri A et al (2017) Lupus 
high-density lipoprotein induces proinflammatory responses in 
macrophages by binding lectin-like oxidised low-density lipo-
protein receptor 1 and failing to promote activating transcription 
factor 3 activity. Ann Rheum Dis 76:602–611. https:// doi. org/ 10. 
1136/ annrh eumdis- 2016- 209683

 31. Woo JMP, Lin Z, Navab M et al (2010) Treatment with apolipo-
protein A-1 mimetic peptide reduces lupus-like manifestations in 
a murine lupus model of accelerated atherosclerosis. Arthritis Res 
Ther 12:R93. https:// doi. org/ 10. 1186/ ar3020

 32. Gordon DJ, Probstfield JL, Garrison RJ et al (1989) High-density 
lipoprotein cholesterol and cardiovascular disease. Four prospec-
tive American studies. Circulation 79:8–15. https:// doi. org/ 10. 
1161/ 01. cir. 79.1.8

 33. Delgado Alves J, Ames PRJ, Donohue S et al (2002) Antibodies 
to high-density lipoprotein and β2-glycoprotein I are inversely 
correlated with paraoxonase activity in systemic lupus erythema-
tosus and primary antiphospholipid syndrome. Arthritis Rheum 
46:2686–2694. https:// doi. org/ 10. 1002/ art. 10542

 34. Batuca JR, Ames PRJ, Amaral M, Favas C, Isenberg DA, Delgado 
Alves J (2008) Anti-atherogenic and anti-inflammatory properties 
of high-density lipoprotein are affected by specific antibodies in 
systemic lupus erythematosus. Rheumatology 48:26–31. https:// 
doi. org/ 10. 1093/ rheum atolo gy/ ken397

 35. Srivastava R, Yu S, Parks BW, Black LL, Kabarowski JH (2010) 
Autoimmune-mediated reduction of high-density lipoprotein–cho-
lesterol and paraoxonase 1 activity in systemic lupus erythemato-
sus–prone gld mice. Arthritis Rheum 63:201–211. https:// doi. org/ 
10. 1002/ art. 27764

 36. Svenungsson E, Gunnarsson I, Fei G-Z, Lundberg IE, Klareskog 
L, Frostegård J (2003) Elevated triglycerides and low levels of 
high-density lipoprotein as markers of disease activity in asso-
ciation with up-regulation of the tumor necrosis factor α/tumor 
necrosis factor receptor system in systemic lupus erythematosus. 
Arthritis Rheum 48:2533–2540. https:// doi. org/ 10. 1002/ art. 11264

 37. Ettinger WH, Goldberg AP, Applebaum-Bowden D, Hazzard 
WR (1987) Dyslipoproteinemia in systemic lupus erythematosus. 

https://doi.org/10.1177/096120339700600610
https://doi.org/10.1177/096120339700600610
https://doi.org/10.1172/jci148552
https://doi.org/10.1172/jci148552
https://doi.org/10.1038/s41467-021-23361-z
https://doi.org/10.1038/s41467-021-23361-z
https://doi.org/10.1002/1521-4141(200207)32:7%3c2004::aid-immu2004%3e3.0.co;2-5
https://doi.org/10.1002/1521-4141(200207)32:7%3c2004::aid-immu2004%3e3.0.co;2-5
https://doi.org/10.1084/jem.192.10.1453
https://doi.org/10.1056/NEJMoa1610528
https://doi.org/10.1161/atvbaha.112.300112
https://doi.org/10.1161/atvbaha.112.300112
https://doi.org/10.1371/journal.pone.0029371
https://doi.org/10.1371/journal.pone.0029371
https://doi.org/10.1371/journal.pone.0060430
https://doi.org/10.4049/jimmunol.1601198
https://doi.org/10.1161/circulationaha.117.032790
https://doi.org/10.1161/circulationaha.117.032790
https://doi.org/10.1002/art.41485
https://doi.org/10.1002/art.41485
https://doi.org/10.3858/emm.2009.41.3.024
https://doi.org/10.3858/emm.2009.41.3.024
https://doi.org/10.3390/life12050634
https://doi.org/10.3390/life12050634
https://doi.org/10.1093/rheumatology/keae192
https://doi.org/10.1093/rheumatology/keae192
https://doi.org/10.1002/art.34473
https://doi.org/10.1002/art.34473
https://doi.org/10.3899/jrheum.150983
https://doi.org/10.1023/B:EJEP.0000036572.00663.f2
https://doi.org/10.1023/B:EJEP.0000036572.00663.f2
https://doi.org/10.1093/rheumatology/kep446
https://doi.org/10.1093/rheumatology/kep446
https://doi.org/10.1177/0961203314534909
https://doi.org/10.1177/0961203314534909
https://doi.org/10.1002/14651858.CD010668.pub2
https://doi.org/10.1002/14651858.CD010668.pub2
https://doi.org/10.1007/s40744-022-00454-9
https://doi.org/10.1002/art.24677
https://doi.org/10.1136/annrheumdis-2016-209683
https://doi.org/10.1136/annrheumdis-2016-209683
https://doi.org/10.1186/ar3020
https://doi.org/10.1161/01.cir.79.1.8
https://doi.org/10.1161/01.cir.79.1.8
https://doi.org/10.1002/art.10542
https://doi.org/10.1093/rheumatology/ken397
https://doi.org/10.1093/rheumatology/ken397
https://doi.org/10.1002/art.27764
https://doi.org/10.1002/art.27764
https://doi.org/10.1002/art.11264


2520 Clinical Rheumatology (2024) 43:2513–2520

Am J Med 83:503–508. https:// doi. org/ 10. 1016/ 0002- 9343(87) 
90762-5

 38. Ding Y, Fan S, Tang Y et al (2022) The Association between 
blood lipids and systemic lupus erythematosus: a two-sample 
mendelian randomization research. Metabolites 13:27. https:// 
doi. org/ 10. 3390/ metab o1301 0027

 39. Zhang G, Cai Y, Liang J, et  al. (2022) Causal relationships 
between rheumatism and dyslipidemia: a two-sample Mendelian 
randomization study. Front Endocrinol 13.https:// doi. org/ 10. 3389/ 
fendo. 2022. 961505

 40. Lang MG, Vinagre CGC, Bonfa E et al (2022) Hydroxychloro-
quine increased cholesterol transfer to high-density lipoprotein 
in systemic lupus erythematosus: a possible mechanism for the 

reversal of atherosclerosis in the disease. Lupus 31:659–665. 
https:// doi. org/ 10. 1177/ 09612 03322 10901 27

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/0002-9343(87)90762-5
https://doi.org/10.1016/0002-9343(87)90762-5
https://doi.org/10.3390/metabo13010027
https://doi.org/10.3390/metabo13010027
https://doi.org/10.3389/fendo.2022.961505
https://doi.org/10.3389/fendo.2022.961505
https://doi.org/10.1177/09612033221090127

	Effects of belimumab on the lipid profile in systemic lupus erythematosus patients: an observational study
	Abstract
	Introduction
	Patients and methods
	Paticipant selection
	Data collection
	Statistical analysis

	Results
	Patient’s characteristics at baseline
	Changes in lipid levels
	Subgroup analysis in the belimumab group
	Effects of disease activity indicators and medication on HDL and apoA-I in the belimumab group

	Discussion
	References


