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INTRODUCTION

Rheumatoid arthritis (RA) is a systemic inflammatory auto-
immune disease that preferentially affects small joints. Com-
pared with the general population, patients with RA have an 
increased risk of premature death [1,2]. Cardiovascular disease 
(CVD), caused mainly by atherosclerosis, has the greatest effect 

on mortality in patients with RA [3]. Traditional risk factors 
such as age, dyslipidemia, hypertension, obesity, lack of exercise, 
and diabetes mellitus, as well as inflammation caused by RA 
itself and some medications that target inflammation, increase 
the risk of CVD [3].

The Janus kinase (JAK) family comprises receptor-associated 
tyrosine kinases that play roles in important biological processes 

Received May 17, 2023; Revised July 2, 2023; Accepted July 3, 2023, Published online August 9, 2023
Corresponding author:   Wan-Uk Kim,  https://orcid.org/0000-0001-8224-8496 

Division of Rheumatology, Department of Internal Medicine, Seoul St. Mary’s Hospital, Center for Integrative Rheumatoid 
Transcriptomics and Dynamics, College of Medicine, The Catholic University of Korea, 222 Banpo-daero, Seocho-gu, 
Seoul 06591, Korea. E-mail: wan725@catholic.ac.kr 

Copyright © The Korean College of Rheumatology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Changes in the cholesterol profile of patients with 
rheumatoid arthritis treated with biologics or Janus kinase 
inhibitors
Jung Hee Koh, M.D., Ph.D.1,2, Bong-Woo Lee, M.D.3, Wan-Uk Kim, M.D., Ph.D.2,3

1Division of Rheumatology, Department of Internal Medicine, Uijeongbu St. Mary’s Hospital, The Catholic University of Korea, 
2Center for Integrative Rheumatoid Transcriptomics and Dynamics, College of Medicine, The Catholic University of Korea, 3Division of 
Rheumatology, Department of Internal Medicine, Seoul St. Mary’s Hospital, The Catholic University of Korea, Seoul, Korea

J Rheum Dis 2023;30(4):234-242
https://doi.org/10.4078/jrd.2023.0030
pISSN: 2093-940X, eISSN: 2233-4718 Original Article

Objective: To assess the effects of biological and targeted synthetic disease-modifying antirheumatic drugs (DMARDs) on lipid 
profiles in patients with moderate-to-severe rheumatoid arthritis (RA).
Methods: This retrospective single-center observational study included patients with RA taking a tumor necrosis factor-α inhibi-
tor (TNFi), abatacept, tocilizumab, or a Janus kinase inhibitor (JAKi) for at least 6 months. Changes in lipid profile were assessed 
at 6 months after the start of treatment, and associations between changes in lipid profiles and clinical efficacy, concomitant medi-
cations, and comorbidities were evaluated.
Results: This study included 114 patients treated with TNFi, 81 with abatacept, 103 with tocilizumab, and 89 with JAKi. The mean 
percentage change (from baseline to 6 months) in total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), and non-HDL-C levels was higher in those taking tocilizumab and JAKi than in those taking 
TNFi and abatacept. A significant change in non-HDL-C was associated with JAKi (versus TNFi: odds ratio [OR], 3.228; 95% con-
fidence interval [CI], 1.536~6.785), tocilizumab (versus TNFi: OR, 2.203; 95% CI, 1.035~4.689), and statins (OR, 0.487; 95% CI, 
0.231~1.024). However, changes in disease activity in 28 joints were not associated with a significant change in non-HDL-C.
Conclusion: Tocilizumab- and JAKi-associated increases in serum non-HDL-C levels were observed regardless of changes in dis-
ease activity. Statins are recommended for RA patients showing a significant increase in cholesterol levels after initiating biological 
and targeted synthetic DMARDs.
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by acting as signaling molecules downstream of type I and 
type II cytokine receptors [4]. Janus kinase inhibitors (JAKi) 
are targeted synthetic disease-modifying antirheumatic drugs 
(DMARDs) that are approved by the US Food and Drug Ad-
ministration, the European Medicines Agency, and the Korean 
Ministry of Food and Drug Safety for the treatment of RA. 
However, the results of a recent postmarketing ORAL Surveil-
lance study, which compared tofacitinib (a JAKi) with tumor 
necrosis factor-α inhibitor (TNFi) therapy in older patients 
with RA who have cardiovascular risk factors, revealed that to-
facitinib failed to demonstrate noninferiority for major adverse 
cardiovascular events (MACE) [5].

According to the ‘lipid paradox in RA,’ patients with severe, 
untreated RA have lower cholesterol levels, but the risk of 
CVD is high [6]. However, although treatment of active RA 
can lead to elevated levels of total cholesterol (TC), low-density 
lipoprotein cholesterol (LDL-C), and high-density lipoprotein 
cholesterol (HDL-C), in conjunction with reduced levels of 
inflammation, the risk of CVD is low [6]. JAKi and TNFi effec-
tively reduce inflammation and increase serum lipid levels [7-9]. 
However, the incidence of MACE is different [5]. One possible 
explanation may be the degree of cholesterol increase. In a clini-
cal trial, JAKi-treated patients showed greater increases in LDL-
C and HDL-C than those treated with adalimumab [10].

Slow accumulation of LDL and other apo B-containing li-
poproteins in the arterial wall during young adulthood and 
middle age increase the total atherosclerotic burden [11]. Non-
HDL-C includes all the cholesterol in all atherogenic lipoprotein 
particles, a combination of LDL-C, very low-density lipoprotein 
cholesterol (VLDL-C), VLDL remnants, and lipoprotein(a) 
[12,13]. LDL-C is the dominant form of atherogenic cholesterol, 
however, non-HDL-C is more atherogenic than either lipopro-
tein alone [12]. Many studies demonstrate that non-HDL-C can 
predict the risk of fatal or non-fatal ASCVD [13-15]. Moreover, 
fasting is not required for the calculation of non-HDL-C [16]. 
Surprisingly, there are few real-world data regarding changes 
in non-HDL-C in individuals taking biological or targeted syn-
thetic DMARDs.

In this study, we focused on the association between lipid 
profile changes in patients with RA. To investigate whether JAKi 
increases cholesterol levels more than biological DMARDs, we 
compared changes in cholesterol between patients receiving 
different biological or targeted synthetic DMARDs (b/tsD-
MARDs). We also identified factors associated with increases in 

non-HDL-C after treatment with b/tsDMARDs.

MATERIALS AND METHODS

Patients
This retrospective study included patients treated at Seoul St. 

Mary’s Hospital. A total of 576 patients with RA began treat-
ment with b/tsDMARDs between January 1, 2013 and Decem-
ber 31, 2020 (all were b/tsDMARDs-naïve prior to this). All 
patients were adults (≥20 years) who met the 2010 American 
College of Rheumatology (ACR)/European League Against 
Rheumatism (EULAR) classification criteria for RA [17]. All 
had active, moderate-to-severe RA (disease activity score in 
28 joints [DAS28] >5.1) and had been treated for more than 
6 months with two or more conventional synthetic DMARDs 
(csDMARDs), including methotrexate, unless they experienced 
adverse events or were contraindicated. These patients had 
follow-up assessments at 6 months, as required for continuation 
of national health insurance cover. Patients who did not have 
lipid profiles at 6 months were excluded from the analysis; 387 
patients were finally included in this study (Figure 1).

In this study, patients received infliximab or its biosimilar 
agent, etanercept, adalimumab (a TNFi), tocilizumab (an inter-
leukin [IL]-6 receptor inhibitor), abatacept (a T cell costimula-
tory blocker), or tofacitinib/baricitinib (a JAKi). Patients were 
classified into four treatment groups according to the mecha-
nism of action of the b/tsDMARDs.

Ethical approval
This study was approved by the IRB of Seoul St. Mary’s Hos-

pital (approval number: KC22RISI0953). Informed consent was 
waived for this retrospective study and patient information was 
anonymized and de-identified prior to analysis. The study was 
performed in accordance with the Declaration of Helsinki.

Variables
Data from the standard lipid profile (LDL-C, HDL-C, TC, 

and triglycerides) at baseline, 3 months (if available), and at 6 
months follow-up were extracted from the hospital database. 
Non-HDL-C was calculated as non-HDL-C=TC−HDL-C. The 
level of LDL-C was measured in 89.7% of patients; and in pa-
tients who were not measured, LDL-C was calculated using the 
Friedewald equation, total cholesterol−HDL-C−(triglyceride/5). 
The measured and calculated values showed excellent reliabil-
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ity (intraclass coefficient, 0.855; 95% confidence interval [CI], 
0.813~0.886: Cronbach's α=0.927).

The main demographic variables were age, sex, disease dura-
tion, comorbidities, presence of rheumatoid factor, and presence 
of anticyclic citrullinated peptide antibodies (ACPA). At the 
time of b/tsDMARDs initiation, RA disease activity was mea-
sured using the DAS28-erythrocyte sedimentation rate (ESR), 
and then again at the 6-month follow-up visit. Treatment re-
sponse at 6 months was assessed using the DAS28-ESR and the 
EULAR response criteria [18]. Comedications, including non-
steroidal anti-inflammatory drugs (NSAIDs), statins, glucocor-
ticoids, and csDMARDs, were also reviewed.

There are no RA-specific recommendations for CVD risk 
prediction in Korea [19]. As the prevalence of CVD in patients 
with RA is increased to an extent that is comparable to that of 
patients with diabetes mellitus [3,4], RA was regarded as a bor-
derline risk group. Hyper-LDL-cholesterolemia was defined as 
a serum LDL-C ≥130 mg/dL. Hypo-HDL-cholesterolemia was 
defined as a serum HDL-C level <40 mg/dL. Hypertriglyceride-
mia was defined as a serum triglyceride level ≥150 mg/dL. Dys-
lipidemia was then defined as satisfying one of the definitions 

stated above [19].
Some LDL-C levels were calculated, and fasting and hyper-

triglyceridemia could affect the result. However, the CVD risk 
associations of non-HDL-C are similar in the non-fasting and 
fasting population [20]. A significant increase in non-HDL-
C was defined as ≥30%, as statins with moderate intensity are 
supposed to reduce LDL-C by 30% to 50% [12], and each statin 
induces equal reductions in LDL-C and non-HDL-C.

Statistical analysis
Demographic and disease characteristics are expressed as 

the mean±standard deviation or as a percentage (%). The lev-
els of TC, LDL-C, HDL-C, triglycerides, and non-HDL-C are 
expressed as the mean percentage change from baseline; the 
treatment groups were compared using the analysis of variance 
(ANOVA), followed by post hoc analysis (the Tukey and Scheffe 
Method). The significance of the differences in DAS28, TC, 
LDL-C, HDL-C, triglycerides, and non-HDL-C between groups 
was analyzed using the Wilcoxon rank-sum test. The effects of 
clinical variables associated with a significant increase in non-
HDL-C were estimated using binary logistic regression analyses. 

576 Patients
initiated the first

b/tsDMARDs
between Mar 2013

and Dec 2020

79 Patients discontinued
therapy within 6 mo

TNFi
179 patients

Abatacept
90 patients

Tocilizumab
127 patients

JAKi
101 patients

Baseline 3 mo 6 mo

Cholesterol profile
DAS28

Cholesterol profile Cholesterol profile
DAS28

csDMARDs b/tsDMARD

135 Patients

85 Patients

114 Patients

81 Patients

114 Patients 103 Patients

93 Patients 89 Patients

Figure 1. Flow diagram showing the patients analyzed in this study. Overall, 576 patients with rheumatoid arthritis were screened, and 
497 who had taken and maintained biological and targeted synthetic disease-modifying antirheumatic drugs (b/tsDMARDs) for at least 6 
months were included. Patients were divided into four treatment groups: tumor necrosis factor-α inhibitor (TNFi), abatacept, tocilizumab, 
and Janus kinase inhibitor (JAKi). Patients tested with the standard lipid profile when they initiated b/tsDMARDs treatment, and who were 
followed-up for 6 months, were included in the final analysis. The standard lipid profile included total cholesterol, low-density lipoprotein 
cholesterol, high-density lipoprotein cholesterol, and triglyceride. csDMARD: conventional synthetic DMARDs, DAS28: disease activity score 
in 28 joints.
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Model assumptions were checked using residual analysis. The 
results of these analyses are presented as odds ratios (ORs), with 
95% CIs.

All p-values are two-sided, with p<0.05 considered statistically 
significant. SAS 9.4 (SAS Institute, Cary, NC, USA) software was 
used for data analysis, and graphs were drawn using GraphPad 
Prism 9.5 (GraphPad Software, San Diego, CA, USA).

RESULTS

Study characteristics
This study included 114 patients treated with TNFi, 81 with 

abatacept, 103 with tocilizumab, and 89 with JAKi (Figure 1). 
The baseline characteristics are listed in Table 1. Hypertension 
was less common comorbidities in the TNFi group than in the 
other groups, and type 2 diabetes mellitus was less common in 
the TNFi group than abatacept group.

Methotrexate in combination with abatacept was prescribed 
less frequently than methotrexate in combination with TNFi and 
JAKi (p<0.001 and 0.018, respectively). Similarly, methotrexate 
was prescribed less frequently for patients taking tocilizumab 
than for patients taking TNFi (p=0.04). Use of leflunomide in 
combination with TNFi was less common than in combination 
with abatacept and JAKi (p=0.006 and 0.038, respectively). Pa-

tients who started tocilizumab showed greater use of oral gluco-
corticoids than those who started JAKi (p=0.042).

Only 2.3% of patients did not respond to b/tsDMARDs at 6 
months. There were more nonresponders in the group treated 
with TNFi than the group treated with JAKi (5.3% vs. 0%, re-
spectively; p=0.028). The change in DAS28 was greater in pa-
tients treated with tocilizumab than in those treated with other 
agents.

Statins were prescribed to 55 patients (14.3%) prior to starting 
b/tsDMARDs; 17 patients began taking statins after starting b/
tsDMARDs treatment.

Changes in the lipid profile
We found that TC, triglyceride, LDL-C, and non-HDL-

C increased significantly in all of patients not taking statins 
(Table 2). There was no difference in lipid profile for each agent 
in TNFi and JAKi. The percentage change in TC and HDL-C 
showed a modest correlation with changes in the DAS28 (r= 
-0.141, p=0.014; and r=-0.138, p=0.016, respectively), and with 
changes in the CRP (r=-0.109, p<0.001 and r=-0.210, p<0.001). 
However, the percentage change in LDL-C and non-HDL-C did 
not correlate with changes in the DAS28 and CRP.

The percentage increase in TC was significantly higher in 
JAKi and tocilizumab users than in TNFi and abatacept users, 

Table 1. Baseline characteristics
TNFi

(n=114)
Abatacept

(n=81)
Tocilizumab

(n=103)
JAKi

(n=89) p-value

Age (yr) 53±12 58±14 55±14 57±12 0.051

Female 99 (86.8) 72 (88.9) 83 (80.6) 78 (87.6) 0.351

RF positive 107 (93.9) 77 (95.1) 99 (96.1) 84 (94.4) 0.894

ACPA positive 109 (95.6)* 71 (87.7)* 98 (95.2) 84 (94.4) 0.112

T2DM 4 (3.5)* 6 (9.4)* 8 (8.2) 5 (6.4) 0.301

Hypertension 9 (7.9)*,†,‡ 19 (23.5)† 22 (21.4)‡ 15 (16.9)* 0.014

Comedication

   Methotrexate 103 (90.4)*,† 57 (70.4)*,‡ 83 (80.6)† 76 (85.4)‡ 0.003

   Leflunomide 2 (1.8)*,† 9 (11.1)† 6 (5.8) 7 (7.9)* 0.057

   HCQ 5 (4.5) 8 (9.9) 11 (10.7) 6 (6.7) 0.315

   NSAID 92 (80.7) 56 (69.1) 78 (75.7) 72 (80.9) 0.206

   Glucocorticoids 100 (87.7) 66 (81.5) 97 (94.2)* 76 (85.4)* 0.063

   Statin 16 (14.0) 15 (18.5) 13 (12.7) 11 (12.4) 0.646

   DAS28 5.4±0.5* 5.3±0.5 5.3±0.6 5.2±0.4* 0.035

Values are presented as mean±standard deviation or number (%). TNFi: tumor necrosis factor-α inhibitor, JAKi: Janus kinase inhibitor, 
T2DM: type 2 diabetic mellitus, HCQ: hydroxychloroquine, NSAID: non-steroidal anti-inflammatory drugs, DAS28: disease activity score in 
28 joints. *,†,‡Significantly different after post hoc analysis.
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Table 2. Percentage change, from baseline to 6 months, in lipid parameters according to the baseline use of statins
TNFi

(n=114)
Abatacept

(n=81)
Tocilizumab

(n=103)
JAKi

(n=89) p-value

Total cholesterol (mg/dL)
   Without statins (n) 98 66 89 78
      Baseline 178±33 184±32 183±36 177±32 0.696
      6 months 185±30*,† 192±35 204±35* 206±46† <0.001
      Mean change (%)§ 6.2±19.1* 5.3±15.4† 14.1±21.4† 17.8±26.1* <0.001
   With statins (n) 16 15 14 11
      Baseline 170±43 163±18 171±26 173±44 0.874
      6 months 160±39 178±33 177±36 185±39 0.342
      % change§ −4.0±20.3 10.4±22.9 4.1±22.4 8.9±17.6 0.243
LDL-C (mg/dL)
   Without statins (n) 98 66 89 78
      Baseline 100±29 103±27 102±28 96±28 0.411
      6 months 104±27* 107±28 115±29* 113 ± 39 0.046
      % change§ 8.8±29.2* 5.7±22.2† 19.2±33.9 22.3±40.5*,† 0.003
   With statins (n) 16 15 14 11
      Baseline 91±36 82±19 97±22 95±29 0.537
      6 months 79±32 92±27 93±28 96±22 0.352
      % change§ −8.6±33.5 18.0±43.0 −0.4±36.0 4.8±17.9 0.206
Non-HDL-C (mg/dL)
   Without statins (n) 98 66 89 78
      Baseline 121±31 124±27 123±31 117±31 0.506
      6 months 125±29* 131±31 140±32* 137±44 0.015
      % change§ 6.7±23.0*,† 8.1±21.2‡ 18.1±29.4* 21.5±37.6†,‡ 0.001
   With statins (n) 16 15 14 11
      Baseline 116±37 105±18 120±22 115±34 0.537
      6 months 106±32 116±30 120±33 121±29 0.530
      % change§ −5.7±25.2 13.8±34.9 1.7±32.3 7.2±17.6 0.297
HDL-C (mg/dL)
   Without statins (n) 98 66 89 78
      Baseline 57±14 61±16 59±13 61±15 0.219
      6 months 60±14* 61±14† 64±16 69±15*,† <0.001
      % change§ 3.9±15.0* 0.8±13.6† 5.5±13.9 10.2±19.0*,† 0.356
   With statins (n) 16 15 14 11
      Baseline 54±14 58±12 51±10 58±18 0.468
      6 months 55±18 62±14 56±10 64±22 0.404
      % change§ −8.6±33.5 18.0±43.0 −0.4±36.0 4.8±17.9 0.206
Triglyceride (mg/dL)
   Without statins (n) 98 66 89 78
      Baseline 89±50 92±40 100±51 96±75 0.559
      6 months 93±49* 100±50 118±68* 97±62 0.020
      % change§ 17.8±66.1 18.4±53.9 34.3±100.3 16.0±51.1 0.307
   With statins (n) 16 15 14 11
      Baseline 117±69 104±40 117±38 104±32 0.818
      6 months 129±87 101±46 125±47 110±52 0.603
      % change§ 19.7±57.6 5.3±45.8 19.8±68.3 5.8±36.3 0.813

Values are presented as mean±standard deviation. TNFi: tumor necrosis factor-α inhibitor, JAKi: Janus kinase inhibitor, LDL-C: low-density 
lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol. *,†,‡Significantly different after post hoc analysis. §Percentage change 
from baseline to 6 months.
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respectively (Table 2). With respect to LDL-C and HDL-C, the 
increase in patients taking JAKi was greater than that in those 
taking TNFi and abatacept. In addition, the increase in non-
HDL-C levels was higher in patients taking tocilizumab than 
that in those taking TNFi. The increase in HDL-C levels was 
higher in JAKi users than in TNFi and abatacept users. There 
was no significant difference between the treatment groups with 
respect to changes in triglycerides (Table 2).

At the 6-month follow-up, dyslipidemia occurred in 36.4% of 
patients. High non-HDL-C levels (≥160 mg/dL) were measured 
in 19.7% of patients, and high LDL-C levels (≥130 mg/dL) were 
measured in 23% of patients. Of the patients with dyslipidemia, 
only 15.6% started statin therapy.

Factors associated with a significant change in non-
HDL-C

Multivariate analyses identified tocilizumab and JAKi as be-
ing associated with a significant increase in non-HDL-C when 
compared with TNFi (OR, 2.203; 95% CI, 1.035~4.689 for 
tocilizumab; OR, 3.228; 95% CI, 1.536~6.785 for JAKi). There 
was no association between changes in the DAS28, or combined 
use of csDMARDs, and increased non-HDL-C levels. However, 
concomitant use of statins was associated with a smaller increase 
(OR, 0.487; 95% CI, 0.231~1.024; p=0.058) (Figure 2).

DISCUSSION

As far as we know, this paper presents the first real-world data 
to simultaneously compare early changes in cholesterol profile 
in patients treated with one of the four clinically approved b/
tsDMARDs as a first-line targeted therapy for RA. We dem-

onstrate that JAKi and tocilizumab increase TC, LDL-C, non-
HDL-C, and HDL-C levels to a greater extent than TNFi and 
abatacept.

Patients treated with tocilizumab and JAKi showed a signifi-
cant increase in non-HDL-C when compared with patients 
treated with TNFi. This result is in agreement with those previ-
ously reported in randomized controlled trials [10,21]. TNF-α 
and IL-6 are inflammatory cytokines that have an atherogenic 
effect on endothelial cells [22,23]. Binding of TNF-α to its re-
ceptor triggers several signaling pathways, including nuclear 
factor κB (NF-κB), mitogen-activated protein kinases (MAPKs), 
and proteases [24]. IL-6 exerts its biological effects by binding 
to the IL-6 receptor, activating signal transduction via the Janus 
kinase-signal transducers and activators of the transcription 
factors (JAK-STAT) pathway and the Ras-MAPK pathway [25]. 
TNF-α and IL-6 receptor antagonists inhibit oxidized LDL-
induced production of monocyte chemoattractant protein-1 
(MCP-1), which plays a crucial role in the pathogenesis of 
inflammatory diseases and atherosclerosis [26,27]. However, 
blockade of each of these cytokines increases cholesterol levels 
by different degrees.

Here, we found that tocilizumab and JAKi resulted in a similar 
increase in cholesterol levels. Both agents affect the JAK-STAT 
pathway. Lipid metabolism is regulated by activation of the JAK-
STAT signaling pathway in adipocytes [28]. IL-6 and JAKs are 
associated with STAT3, the most prominent transcription factor 
recruited to gp130 [29]. STAT3 promotes lipolysis and inhibits 
adipogenesis in mature adipocytes, as well as differentiation of 
preadipocytes [30], and activation of lipolysis in adipocytes in-
creases HDL-C [31]. Therefore, inhibition of the STAT3 signal-
ing pathway may block conversion of cholesterol to HDL, which 

Figure 2. Factors predisposing patients 
to a significant change in non-high-
density lipoprotein cholesterol levels 
at 6 months (the multivariate model 
was adjusted for age and sex). NSAIDs: 
non-steroidal anti-inflammatory drugs, 
JAKi: Janus kinase inhibitor, TNFi: tumor 
necrosis factor-α inhibitor.Odds ratio
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is associated with an overall increase in non-HDL-C. Another 
study showed that cholesterol ester catabolism is higher in pa-
tients with RA, resulting in increased HDL-C, LDL-C, and TC 
[32]. Following tofacitinib treatment, the rate of cholesterol ester 
catabolism decreased, and cholesterol levels increased [32].

Abatacept modulates the costimulation of T lymphocytes. 
There are few data on the effects of abatacept on lipid profiles. A 
phase IIIb trial of abatacept combined with methotrexate versus 
adalimumab plus methotrexate revealed that those two combi-
nation therapies are associated with improvement in HDL func-
tion, despite increases in cholesterol levels [33]. A long-term 
observational study showed that abatacept and TNFi reduced 
the risk of CVD to a greater extent than csDMARD, whereas to-
cilizumab and tofacitinib did not [34]. Both TNFi and abatacept 
reduced inflammation while not increasing non-HDL-C levels 
significantly (compared with tocilizumab and JAKi), which may 
have helped to prevent CVD.

We found that in the real world, statins were prescribed to few 
patients. This may be due to passive control of high cholesterol 
levels following treatment of b/tsDMARDs, resulting from belief 
in the ‘lipid paradox in RA’ [35]. However, cholesterol is still the 
primary cause of atherosclerosis, which occurs in conjunction 
with inflammation [36]. Even in the young population, mildly 
abnormal lipid levels are associated with an increased future 
risk of atherosclerotic CVD events [37]. Our data also demon-
strate that the level of TC and HDL-C increases as RA disease 
activity decreases. However, changes in non-HDL-C and LDL-
C, which are crucial for atherogenesis [12,15], did not correlate 
with disease activity. Therefore, lipid-lowering therapy should 
be considered for RA patients showing a significant increase 
in cholesterol levels after treatment with b/tsDMARDs. Statins 
have beneficial effects beyond their lipid-lowering activities, in-
cluding anti-inflammatory and proapoptosis effects on cultured 
RA synoviocytes [38]. Maintaining low LDL-C or non-HDL-
C levels by treatment with statins may reduce the CVD risk in 
patients with RA.

This study has several limitations. First, atherosclerotic CVD 
risk estimation, which estimates the risk of a non-fatal or fatal 
CVD event in the next 10 years [12], was not evaluated. Some 
of the items for the risk estimation were missing, and these 
items were difficult to retrieve in retrospective studies. Second, 
the long-term changes in lipid profiles were not reviewed. This 
study focused on the early change of lipid profiles after initiating 
b/tsDMARDs, Lipid profiles are recommended to recheck 2 to 

4 months after the inflammatory disease has been under control 
[12]. The long-term effect of b/tsDMARDs on lipid profiles has 
been studied in Korea which showed no difference between b/
tsDMARDs [39]. Third, it was difficult to compare CVD events 
during follow-up because the observational period for JAKi 
was relatively short; this agent has been used as a first-line b/
tsDMARDs only since 2017. To better elucidate the relation-
ship between b/tsDMARDs, dyslipidemia, and CVD event in 
patients with RA, a prospective long-term follow-up study of 
patients in whom onset of RA occurred at a younger age would 
better identify the relative roles of inflammation and cholesterol 
in development of CVD.

CONCLUSION

Patients treated with b/tsDMARDs show increased levels of 
TC, LDL-C, and HDL-C. A significant increase in non-HDL-
C was associated with the type of agent. Increased non-HDL-C 
levels were not associated with a reduction in the DAS28. Our 
data suggest that lipid profile should be regularly monitored in 
RA patients treated with b/tsDMARD and that prescription of 
statins should be considered for RA patients showing a signifi-
cant increase in cholesterol levels.
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