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Abstract 

Background/Objectives: The short-term effect of Janus kinase inhibitors (JAKis) on renal 

function in patients with rheumatoid arthritis (RA) was examined in a hypothesis-gener-

ating, exploratory study. Methods: RA patients treated with JAK inhibitors and, as a con-

trol group, those receiving golimumab and continuing treatment for one or more years 

were enrolled. They were monitored every 3 months for disease activity using the Simpli-

fied Disease Activity Index (SDAI), functional capacity using the Health Assessment 

Questionnaire Disability Index (HAQ), and renal function using the estimated glomerular 

filtration rate (eGFR) calculated from creatinine (Cr) and cystatin C (CysC). Patients were 

categorized by medication, and average values were computed. Two groups for each drug 

were then compared statistically. Results: A total of 144 patients were analyzed: 24 on 

tofacitinib, 43 on baricitinib, 21 on upadacitinib, 21 on filgotinib, and 35 on golimumab. 

Background factors did not differ significantly among groups. Improvements in CDAI 

and HAQ at any time point also showed no significant differences. eGFR based on Cr 

showed a significant decline in the baricitinib and filgotinib groups at one year after start-

ing JAKi treatment compared with the other JAKi groups; however, there was no signifi-

cant difference when using CysC. Conclusions: These results indicate that there is no sig-

nificant difference in renal function decline among the JAKi drugs over a short period, 

despite differences in their metabolic pathways and renal excretion patterns. 
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1. Introduction 

Rheumatoid arthritis (RA) is a disease that can lead to renal function decline due to 

persistent systemic inflammation, immune complex deposition, and long-term exposure 

to nephrotoxic agents [1]. Fifteen years have passed since Janus kinase inhibitors (JAKi) 

were approved for the treatment of RA. In clinical practice, they are now a vital part of 

Phase 2 of the T2T treatment approach. Currently, five JAKi are available in Japan for RA. 

Among them, two are mainly excreted through the kidneys, baricitinib (BAR) and filgo-

tinib (FIL), both of which have restriction notes in the package insert [2,3]. It is reasonable 

to assume that metabolic pathways could increase the workload on the kidneys. 
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JAK/STAT pathways promote glomerular fibrosis, which can lead to renal dysfunction [4–

8]. JAK inhibitors suppress JAK/STAT pathways, potentially helping to prevent renal dys-

function [9]. However, few studies have examined their impact on renal function in real-

world practice [10,11]. Some JAK inhibitors inhibit OCT2, MATE1, and MATE2-K, thereby 

reducing renal tubular creatinine excretion and increasing serum creatinine levels [12]. 

However, they do not inhibit renal function, and the effect of JAK inhibitors on renal func-

tion in clinical practice is unknown. Here, we examine the short-term effects of JAKi use 

on kidney function using a retrospective, hypothesis-generating, exploratory study. 

2. Materials and Methods 

Patients with RA who met the 2010 ACR/EULAR classification criteria [13] were re-

cruited. They were treated according to the treat-to-target principle [14] and started on 

JAK inhibitors at our institution. Outpatients who continued for one or more years from 

September 2014 to November 2023 were enrolled in the study. Patients who dropped out 

for any reason within one year were excluded. As a control group, RA patients who met 

the classification criteria and received golimumab (GLM) from September 2011 to April 

2022 were enrolled, and the same exclusion criteria were applied to these control patients. 

Patient background information, including sex, age, anti-citrullinated polypeptide 

antibody (ACPA) titer, rheumatoid factor (RF) titer, use of biological or targeted synthetic 

disease-modifying antirheumatic drugs (bDMARDs or tsDMARDs) from Phase 2 onward 

(naive or subsequent), methotrexate usage rate (MTX-R), glucocorticoid usage rate (GC-

R), and presence or absence of polypharmacy at the start of JAKi treatment (baseline; BL), 

was extracted from the medical records of the study patients. Additionally, estimated glo-

merular filtration rate (eGFR), Simplified Disease Activity Index (SDAI) as a marker of 

disease activity, Health Assessment Questionnaire Disability Index (HAQ) as a measure 

of activities of daily living (ADL), and pain score using a visual analog scale (PS-VAS) at 

baseline and three months afterward to assess pain severity were collected. Patients were 

classified by medication, and average values were calculated for each drug administered. 

These average parameter values, excluding eGFR, within each drug group, especially age 

and SDAI at BL, were adjusted using propensity score matching and then compared sta-

tistically with those in the control group. For eGFR, two values were calculated and com-

pared: eGFR_Cr, based on creatinine, and eGFR_CysC, based on cystatin C. 

The primary endpoint of the study is the change in eGFR over one year. Mean eGFR 

was calculated for each drug, and changes in eGFR were assessed at baseline (BL) and 

every three months thereafter. eGFR and overall change in each JAKi drug group during 

the treatment period were compared with those of the control group. Changes in chronic 

kidney disease (CKD) stage classification from BL to one year were also compared for 

each drug group, with worsening, no change, or improvement defined using Grade 3a/3b 

as the boundary. 

Other parameters, including SDAI, HAQ, and PS-VAS from baseline, were also com-

pared between the drug groups over the one-year period. 

2.1. Statistical Procedures 

For statistical analysis, t-tests compared two groups, and ANOVA compared multi-

ple groups. A repeated-measures ANOVA evaluated changes over time, and a chi-square 

test assessed changes in CKD grade. Analyses were conducted using StatMac:Plus® v. 

8.0.4.0 (Walnut Grove, CA, USA). Significance was set at p < 0.05. 

2.2. Ethical Considerations 

The study design and ethical considerations were reviewed and approved by the 

Ethics Committee of the study institution before the study began (approval number: G-
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Cl-2024-5). Subjects remained anonymous, and patients or their families provided in-

formed consent. 

3. Results 

A total of 185 patients were analyzed, including 30 on tofacitinib (TOF), 51 on BAR, 

39 on Upadacitinib (UPA), 30 on FI, and 35 on GLM. After PSM (matching rate ≥ 80%; 

caliper width ≤ 0.2; covariate balance after PSM ≤ 0.2 for every drug group: Supplementary 

Table S1), a total of 144 patients were analyzed: 24 on TOF, 43 on BAR, 21 on UPA, 21 on 

FIL, and 35 on GLM. Baseline demographics are presented in Table 1. There were no sig-

nificant differences in mean age, RA disease duration, ACPA and RF titers, SDAI, HAQ, 

PS-VAS, eGFR based on Cr and CysC, MTX-R, GC-R, or polypharmacy rate. No patients 

had proteinuria. 

Table 1. Demographic characteristics in each drug group at baseline. 

 TOF (N = 24) BAR (N = 43) UPA (N = 21) FIL(N = 21) GLM (N = 35) 
Statistical 

Significance 

Female proportion 70.6% 72.4% 66.7% 86.7% 86.4% n.s. 

Mean age at baseline 68.8 (11.9) 68.2 (12.2) 73.6 (10.8) 74.9 (17.1) 67.5 (9.7) n.s. 

Disease duration at base-

line 
9.4 (7.2) 12.7 (7.6) 13.1 (7.6) 14.5 (7.9) 9.7 (7.0) n.s. 

Naïve rate  59.4% 60.5% 66.7% 47.6% 51.4% n.s. 

ACPA titer (positive rate) 336.0 (76.5%) 396.7 (82.8%) 293.6 (77.1%) 151.4 (73.3%) 118.1 (54.5%) n.s. (n.s.) 

RF titer (positive rate) 217.6 (76.5%) 219.1 (82.8%) 165.6 (77.1%) 219.9 (80.0%) 165.9 (63.5%) n.s. (n.s.) 

SDAI 17.6 (7.3) 15.2 (9.2) 17.4 (6.3) 18.7 (14.1) 17.8 (6.9) n.s. 

HAQ 0.792 (0.511) 0.660 (0.590) 0.681 (0.485) 0.720 (0.582) 0.660 (0.513) n.s. 

PS-VAS (mm) 40.0 (26.7) 41.4 (23.3) 40.2 (33.0) 38.3 (35.6) 42.3 (29.1) n.s. 

eGFR_Cr (ml/min/1.73 m2) 72.5 (24.9) 80.5 (22.6) 61.0 (28.1) 62.3 (26.8) 78.3 (18.4) n.s. 

eGFR_CysC (ml/min/1.73 

m2) 
68.4 (18.1) 68.6 (24.3) 57.1 (20.1) 48.3 (21.6) 74.1 (11.8) n.s. 

MTX usage rate  82.4% 72.4% 71.4% 71.4% 86.4% n.s. 

GC usage rate  8.3% 4.7% 4.8% 4.8% 5.7% n.s. 

NSAID usage rate 33.3% 30.2% 33.3% 28.6% 34.3% n.s. 

Polypharmacy rate 29.4% 25.2% 20.0% 21.4% 19.0% n.s. 

proteinuria 0% 0% 0% 0% 0% n.s. 

In parentheses, standard deviations are presented. Abbreviations: TOF, tofacitinib; BAR, baricitinib; 

UPA, upadacitinib; FI, filgotinib; GLM, golimumab; ACPA, anti-citrullinated polypeptide antibodies; RF, 

rheumatoid factor; SDAI, Simplified Disease Activity Index; HAQ, Health Assessment Questionnaire 

Disability Index; PS-VAS, pain score using a visual analog scale; eGFR_Cr, estimated glomerular filtra-

tion rate calculated with creatinine; eGFR_CysC, estimated glomerular filtration rate calculated with cys-

tatin C; MTX, methotrexate; GC, glucocorticoid; NSAID, non-steroidal anti-inflammatory drug. 

The mean eGFR based on Cr at baseline and at months 3, 6, 9, and 12 showed no 

significant differences between any pairs of drug groups. However, the eGFR at month 12 

in the BAR and FIL groups was significantly lower than at BL (p < 0.05). Over one year, 

the eGFR trend showed an upward pattern in the BAR, FIL (p < 0.001), and TOF (p < 0.01) 

groups. The GLM and UPA groups did not show any significant trend (Figure 1a). 
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Figure 1. Estimated glomerular filtration rate (eGFR) from baseline over one year at every three 

months. Symbols on the right of each graph show the statistical significance (p-value) in the trend 

of eGFR in each drug group. There was no significant difference in eGFR across all pairs of groups 

at any time point. (a): eGFR based on creatinine. (b): eGFR based on cystatin C. 

The mean eGFR_CysC at baseline and at months 3, 6, 9, and 12 did not differ signifi-

cantly across any of the drug groups. Each group also showed no significant trend in 

eGFR_CysC over 1 year (Figure 1b). 

The CKD stage classification showed no significant change across any of the drug groups. 

However, in the ≤G3a group, there were noticeably more cases of deterioration than improve-

ment compared with the ≥G3b group in every drug category, with a clear trend in the JAKi 

groups relative to the GLM group. There were no significant differences in the number of cases 

between better and worse outcomes within each drug group (Table 2). 

Table 2. Changes in CKD stage classification from the baseline to one year after for each drug group. 

 Creatinine-Based Cystatin C-Based 

BAR better NC worse  BAR better NC worse  

≤G3a 3 13 17 
43 

≤G3a 3 13 3 
43 

≥G3b 1 3 6 ≥G3b 7 13 4 

FIL better NC worse  FIL better NC worse  

≤G3a 1 2 5 
21 

≤G3a 1 1 1 
21 

≥G3b 2 7 4 ≥G3b 4 11 3 

TOF better NC worse  TOF better NC worse  

≤G3a 3 5 12 
24 

≤G3a 2 17 1 
24 

≥G3b 0 3 1 ≥G3b 2 2 0 

UPA better NC worse  UPA better NC worse  

≤G3a 1 6 4 
21 

≤G3a 0 7 3 
21 

≥G3b 3 5 2 ≥G3b 2 6 3 

GLM better NC worse  GLM better NC worse  

≤G3a 3 22 7 
35 

≤G3a 3 21 3 
35 

≥G3b 0 2 1 ≥G3b 2 4 2 

Abbreviations: TOF, tofacitinib; BAR, baricitinib; UPA, upadacitinib; FIL, filgotinib; GLM, goli-

mumab; ≤G3a, a patient group whose CKD stage is no worse than Grade-3a; G3b, a patient group 

whose CKD stage is no better than Grade-3b in the chronic kidney diseases classification criteria; 

NC, not changed. 
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The mean SDAI score at baseline and at months 3, 6, 9, and 12 did not differ signifi-

cantly across drug groups. A significant decrease from BL was observed at month 3 in 

each group (p < 0.001). After month 6, no further significant improvements were observed. 

All groups showed significant downward trends in the SDAI score over the year (p < 0.001) 

(Figure 2a). 

 

Figure 2. Simplified Disease Activity Index (SDAI), Health Assessment Questionnaire Disability In-

dex (HAQ), and pain score using a visual analog scale (PS-VAS) from baseline over one year at every 

three months. p-values in the trend of each indicator in each drug group. The bar above the graph 

illustrates a significant difference in each indicator compared to the baseline or compared to the 

indicator in the control group (golimumab; GLM) at each time point. (a): The SDAI score. (b): The 

HAQ score. (c): PS-VAS. 

Mean HAQ scores at baseline and at months 3, 6, 9, and 12 did not differ significantly 

among the drug groups. However, HAQ scores at months 3 and 6 in the BAR group were 

significantly lower than at baseline (p < 0.01). The BAR group showed a significant down-

ward trend in HAQ scores (p < 0.001), whereas the other groups showed no significant 

trends over the year (Figure 2b). 

At baseline and month 3, the average PS-VAS did not differ significantly between 

any JAKi group and the GLM group; however, the BAR group had significantly lower PS-

VAS scores than the GLM group at months 6, 9, and 12 (p < 0.05). All groups showed a 

downward trend in PS-VAS from baseline to month 12 (p < 0.001) (Figure 2c). 

4. Discussion 

JAK inhibitors are small-molecule drugs that are clinically effective, comparable to 

biologics, and important for treating RA. Their metabolic pathways vary by drug. They 

are mainly divided into two groups: TOF, UPA, and Peficitinib, which are primarily elim-

inated via feces, and BAR and FIL, which are mainly excreted in urine. 

Because fecal excretion is processed by the liver, it is not recommended for patients 

with severe liver damage. Conversely, urinary excretion is often contraindicated in pa-

tients with severe renal dysfunction [1,2,15–18]. The only indication is 100 mg FIL, which 
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is allowed in patients with severe renal dysfunction [19]. The use of JAK inhibitors in pa-

tients with renal dysfunction is either prohibited or severely limited. The main reasons 

are not nephrotoxicity but concerns about drug safety [11,20]. 

However, renal excretion and nephrotoxicity are distinct phenomena and not synon-

ymous with decreased renal function. Although administering urinary-excreted JAK in-

hibitors to patients with impaired renal function is considered contraindicated because of 

adverse effects from increased drug retention and unstable blood concentrations, renal 

toxicity caused by the drug does not necessarily lead to further functional decline. Even 

drugs excreted via feces are contraindicated in patients with severe renal dysfunction, 

mainly because of unstable blood concentrations [2,3,21,22]. However, to the best of my 

knowledge, no studies have examined the effect of JAK inhibitors on kidney function as a 

primary clinical outcome in real-world practice. In this study, we aimed to examine 

whether there are differences in changes in renal function among JAK inhibitors with dif-

ferent metabolic pathways. 

JAKis are potentially creatinine-retaining drugs that suppress creatinine excretion 

from the renal tubule, resulting in a small elevation of creatinine [23]. One Japanese study 

found that serum creatinine was significantly higher in patients with RA receiving JAKis 

than in those receiving interleukin-6 (IL-6) inhibitors [24]. Another Japanese study re-

ported that renal function was preserved in patients with RA who had moderate renal 

impairment [25]. The elevation in serum creatinine may reflect increased muscle volume 

[26]. JAKis suppress IL-6 overexpression, thereby exerting potent anti-inflammatory ef-

fects [1]. Overall, JAKis are likely to maintain renal function. 

In this study, we aimed to eliminate confounding factors that could affect eGFR, so 

we used propensity score matching before making comparisons. Patients receiving JAK 

inhibitors were heterogeneous in terms of the drugs they received. Therefore, a control 

group was established, and potential confounding factors were matched to those in the 

control group using propensity score matching. As a result, although the number of cases 

decreased, the significant differences in candidate confounding factors disappeared. 

However, because body composition factors such as BMI and muscle mass and cardio-

renal factors such as blood pressure and cardiac function were not originally measured, 

much data were missing and could not be analyzed. 

We chose golimumab for the control group because it is a heavy-chain protein with 

low immunogenicity, a trait shared with monoclonal antibodies produced in transgenic 

mice [27]. Results showed no decline in renal function during follow-up in the control 

group. Compared with the control group, the JAKi groups showed a slight downward 

trend in creatinine-based eGFR during follow-up. Although statistical significance was 

observed only in the BAR and FIL groups at month 12, no downward trend was observed 

when cystatin C was used as the marker. Therefore, we emphasize that the observed 

eGFR_Cr decline is likely a physiological rather than a pathological phenomenon. 

Urinary excretion of creatinine-based eGFR decreased significantly over one year. In 

contrast, fecal excretion type (excluding TOF) and GLM did not change significantly dur-

ing this period. However, cystatin C-based eGFR did not decrease significantly in any 

drug group. The same was true for CKD classification. In the groups with CKD ≤ G3a and 

even in the group with CKD ≥ G3b, the same number of patients, or more, achieved a 

better CKD stage at month 12 than at baseline, excluding the UPA, as shown in Table 2. 

Creatinine is commonly used in clinical settings as an indicator of kidney function; 

however, because it is primarily secreted by striated muscle, its levels are significantly 

affected by muscle mass [28]. Therefore, if ADL improves, activity levels increase, and 

muscle mass grows during treatment, eGFR may appear to decrease. In contrast, cystatin 

C is secreted by cells throughout the body and remains unaffected by muscle mass [29,30]. 

Consequently, it is thought to reflect kidney function more accurately. The absence of 
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significant changes in eGFR_CysC during treatment suggests that JAK inhibitors did not 

impair renal function. These findings imply that the potential nephrotoxicity of JAK in-

hibitors, even for urine-excretion types, can be ruled out in the short term. This applies to 

both urinary and non-urinary excretion. While monitoring remains important, there is lit-

tle reason to hesitate when administering the drug in cases of renal dysfunction, at least 

for short-term use. 

This study did not analyze body composition, such as body mass index or sarcopenia. 

These factors are important for calculating eGFR, yet data are lacking in clinical studies. 

However, this study aimed to determine whether changes in eGFR calculated using cysta-

tin C are affected by JAK inhibitor administration. It is believed that eGFR_CysC, at least, 

is not affected by body size. eGFR is expected to change over time with changes in blood 

pressure, but the absence of a significant change over time suggests that no factors would 

overturn the results regarding the effect of JAK inhibitors on renal function itself. 

The limitations of this study include the following: (1) It is not a mid- to long-term 

follow-up study. (2) It was conducted at a single institution. Therefore, longitudinal data 

collected at multiple institutions over a long period are necessary to confirm the results. 

(3) The number of cases was small, and the populations in each group were clinically het-

erogeneous. Therefore, selection bias is recognized. (4) Adjustments for factors that may 

affect renal function, such as body mass index, baseline sarcopenia, and blood pressure 

control status, were not made. Therefore, a comprehensive study regarding JAK inhibitors 

and renal dysfunction is necessary. However, a report investigated the influence of 

NSAIDs on renal dysfunction and found no harmful decline in eGFR in patients with RA 

[31]. Therefore, it is important to emphasize that the results are not definitive. Longer-term 

results from studies conducted at multiple institutions are awaited. 

5. Conclusions 

We examined the effects of JAK inhibitors on the decline in kidney function among 

patients treated for more than 1 year. As a result, there was no significant decline in renal 

function during this period, as measured by cystatin C-based eGFR. 
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