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Abstract: Background: Obesity is a frequent comorbidity in rheumatoid arthritis (RA).
This condition may lead these patients to have poorer disease control and a worse response
to some of the available treatments. Objectives: We aim to analyze the role of body mass
index (BMI) in the clinical response to Janus kinase inhibitors (JAKis) in patients with RA.
We aim to perform an in-depth analysis of the pathophysiology of obesity by assessing
serum adipokine levels, their potential influence in disease activity and their changes with
treatment. Methods: This study involved 81 patients with RA treated with JAKis from
Hospital La Paz and Hospital Reina Sofia. Patients were classified according to their BMI as
normal weight and overweight/obesity. The clinical response to treatment was assessed by
the Clinical Disease Activity Index (CDAI) and Disease Activity Score-28 (DAS28) 6 months
after the initiation of JAKis. Serum adipokines (leptin and adiponectin) were determined
using a commercial immunoassay kit in samples obtained before the initiation of JAKis
and after 6 months of treatment. Results: Leptin levels showed a significant positive
correlation with BMI at baseline (r = 0.59, p < 0.01) and at 6 months (r = 0.56, p < 0.01)
in the whole cohort, but no correlation was found between BMI and adiponectin. No
correlation between disease activity and BMI was found in the whole cohort at baseline and
at 6 months measured by both the CDAI and DAS28. Fifty patients (61.7%) achieved low
disease activity (LDA)/remission at 6 months, regardless their BMI, and no differences in
serum adipokine levels were observed at baseline and at 6 months in patients who achieved
LDA vs. no-LDA. Conclusions: In this study, we did not find an association between
obesity and the extent of LDA in patients treated with JAKis; therefore, this mechanism of
action could be suitable for overweight/obese patients with RA.

Keywords: obesity; adipose tissue cytokines; targeted synthetic disease-modifying
antirheumatic drugs; rheumatoid arthritis
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1. Background

In recent years, interest in the field of obesity has grown exponentially due to its
increasing prevalence [1]. Obesity predisposes individuals to metabolic and cardiovascular
diseases, but it has also been linked to chronic inflammatory diseases. This is because
adipose tissue functions as an endocrine organ, playing an important role not only in
metabolism regulation but also in immunological and inflammatory processes [2].

The progressive and excessive accumulation of fat that occurs in obesity leads to
substantial changes in the quantity and phenotype of immune cells residing in adipose
tissue. This results in an increase in both the number and activity of some immune
cells, particularly macrophages, neutrophils, T lymphocytes (Th17), and B lymphocytes,
while reducing others, such as eosinophils and certain subtypes of T lymphocytes (Th2
and Treg) [3]. Blood levels of macrophage apoptosis inhibitors (MAIs) increase under
obesity conditions. First, they induce lipolysis, producing saturated fatty acids. These fatty
acids, in turn, act on adipose tissue by promoting the infiltration of M1 macrophages and
activating the NLRP3 inflammasome, which secretes IL-1f3 and IL-18—both involved in
the pathogenesis of immune-mediated diseases (IMIDs). Secondly, the MAI forms immune
complexes with natural autoreactive IgM associated with autoantigens, promoting their
retention in follicular dendritic cells. The subsequent presentation of autoantigens to
follicular B cells leads to the production of IgG autoantibodies [3,4].

Moreover, both adipocytes and immune cells that massively infiltrate adipose tissue
secrete cytokines, which also contribute to the perpetuation of a pro-inflammatory state.
Thus, adipose tissue can secrete and release cytokines such as TNFx and IL-6, which are
common in inflammatory diseases like rheumatoid arthritis (RA), as well as cytokines
known as adipokines (leptin, adiponectin, resistin, and visfatin, among others) [5]. Most of
these have pro-inflammatory properties, contributing to an inflammatory state associated
with obesity [5,6]. This connection between obesity and chronic inflammation supports
the idea that adipokines may contribute to the pathogenesis of numerous inflammatory
diseases, including rheumatic diseases.

The role of adipokines in the mechanisms of rheumatic diseases is supported by evi-
dence that they can exert a modulatory effect on target tissues involved in these pathologies,
such as synovial, cartilage, bone, and immune cells. Additionally, although adipokines are
predominantly produced by adipose tissue, they may also be expressed in joints by chon-
drocytes, synoviocytes, and resident immune cells. Leptin is considered a pro-inflammatory
adipokine that stimulates the production of other cytokines such as TNFe, IL-6, and reactive
oxygen species, which in turn induce the production of chemokines and alter the Th1/Th2
cell profile [7]. This further increases leptin secretion and contributes to perpetuating the
pro-inflammatory state. Advances in the study of this adipokine have led to its recognition
as a key factor in the development of RA [7].

Adiponectin has traditionally been considered an anti-inflammatory adipokine, capa-
ble of regulating and acting as a protective factor in the development of metabolic diseases.
Paradoxically, in the pathogenesis of RA, it appears to have a pro-inflammatory effect
at the joint level by stimulating the secretion of mediators such as IL-6, TNF«, IL-8, and
prostaglandin E2, among others. However, the role of adiponectin in RA remains con-
troversial. Although higher levels of this adipokine have been detected in RA patients
compared to healthy individuals, there are contradictory findings regarding its role in
disease activity [8,9].

Due to all the aforementioned aspects regarding the role of obesity and adipokines in
RA, there has been growing interest in evaluating how these factors influence the response
to different treatments. So, this study aims to explore the influence of BMI on the clinical
response to Janus kinase (JAK) inhibitors in RA patients. Additionally, it investigates
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the pathophysiology of obesity by measuring serum adipokine levels and assessing their
potential role in treatment responses.

2. Methods

This study involved subjects with RA from the prospective cohort of patients drawn
from the Rheumatoid Arthritis Registry at La Paz University Hospital and Hospital Reina
Sofia between January 2017 and June 2024. Ethical approval was obtained from the La Paz
Ethics Committee (PI-5608).

Inclusion criteria were as follows: RA patients aged >18 years according to the 1987
ACR or 2010 ACR/EULAR classification criteria with active disease and treated with
JAKis (baricitinib, filgotinib, tofacitinib and upadacitinib) at standard doses. Patients with
contraindications to start treatment with JAKis and patients with overlapping syndromes
were excluded.

Patients were classified according to their BMI in normal weight (19-24.9 kg/m?) and
overweight/obesity (>25 kg/m?).

2.1. Data Collection

For all patients, the following data were collected just prior to starting JAKis: de-
mographic characteristics (age, sex, BMI, and smoking habit), age at the diagnosis of RA,
age at JAKi initiation, concomitant treatment with conventional synthetic csDMARDs and
previous treatment with bDMARDs, laboratory parameters such as rheumatoid factor
(RF) and anti-citrullinated peptide antibodies (ACPAs), C-reactive protein (CRP), and the
erythrocyte sedimentation rate (ESR).

2.2. Assessment of Clinical Disease Activity and Response to Treatment

Disease Activity Score-28 (DAS28) and Clinical Disease Activity (CDAI) were assessed
at baseline and 6 months after starting JAKi. At 6 months, patients were classified according
to their response to treatment (assessed by DAS28 and the CDAI) in two groups: patients
who achieved low disease activity (LDA) defined as DAS28 < 3.2 or CDAI < 10 and patients
who did not achieve this outcome (No-LDA) defined as DAS28 > 3.2 or CDAI > 10. The
DAS28 was assessed due to its wide use in clinical practice and the CDAI to avoid the use
of indexes containing acute phase reactants, given the effect JAKis on CRP.

2.3. Measurement of Serum Adipokines

Leptin and adiponectin serum levels were assessed at baseline and at 6 months of
treatment initiation. Commercial immunoassay kits were used to measure human leptin
and adiponectin in serum samples obtained at baseline and after 6 months of treatment
(Human Leptin ELISA kit, EZHL-80SK and Human Adiponectin ELISA kit, EZHADP-61K,
Merck Millipore, S.A.S., Madrid, Spain), according to the manufacturer’s instructions. All
samples were analyzed in duplicate and quantified relative to a standard curve, using a 5-
and 4-parameter algorithm, respectively.

Statistical analysis: Descriptive analyses of all patients were performed. Data are
reported as absolute numbers and frequencies for qualitative variables and for quantitative
variables, median and interquartile range (IQR), or mean and standard deviation (SD),
depending on the distribution of the data. The chi-square and Fisher exact tests were used
to assess differences between qualitative features and for quantitative variables, along
with T-Student, U-Mann-Whitney and Wilcoxon tests. Correlations between adipokines
and other quantitative variables were assessed using Pearson and Spearman coefficients.
p-values < 0.05 were considered statistically significant (IBM SPSS 21.0), and figures were
created with GraphPad Prism 8.0.0.
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3. Results
3.1. Baseline Clinical and Sociodemographic Characteristics

In total, 81 RA patients were included from Hospital La Paz and Hospital Reina
Soffa starting JAKis. The most prescribed JAKi was baricitinib (45.7%) followed by filgo-
tinib (21.0%), upadacitinib (17.3%) and tofacitinib (16.0%). We classified our population
in two groups regarding BMI, and from the whole cohort, 44 patients (54.3%) had a
BMI > 25 kg/m?, and among these patients, 33 had a BMI of 25-29.9 kg/m? (overweight);
5 had a BMI of 30-34.9 (grade I obesity) and 6 had a BMI of 35-39.9 (grade II obesity). No
differences in DAS28 at JAKI] initiation between patients with overweight/obesity and
normal weight were found [(4.3 £ 1.0) vs. (4.3 £ 1.2), p = 0.98], and the same results were
found in CDAI values [(22.9 £ 11.5) vs. (23.4 &+ 10.7), p = 0.84]. No differences in the
number of previous bDMARD treatments, the use of JAKis in monotherapy, serological
status, sex or smoking habit were found between groups. Patients with higher BMI scores
were significantly older and also had a longer disease duration; however, there was no
significant correlation between these characteristics and leptin and adiponectin levels (see
Table 1).

Table 1. Baseline clinical and demographic characteristics.

. _ BMI > 25 kg/m? BMI < 25 kg/m?
Variable Total (n = 81) (1 = 44) (1 = 37) p-Value
Age mean (SD) 55.6 (11.6) 59.3 (10.6) 51.1 (11.1) 0.01
Sex (female) n (%) 70 (86.4) 36 (81.8) 34 (91.9) 0.16
Disease duration (years) mean (SD) 17.7 (10.2) 19.7 (10.2) 15.2 (9.7) 0.04
Smoking habit 1 (%)
Current 19 (23.5) 11 (25.0) 8 (21.6) 0.08
Past 26 (32.1) 18 (40.9) 8 (21.6) )
Never 34 (42.0) 14 (31.8) 20 (54.1)
JAKi
Baricitinib 37 (45.7) 16 (36.4) 21 (56.8)
Filgotinib 17 (21.0) 8 (18.2) 9(24.3) 0.05
Tofacitinib 13 (16.0) 11 (25.0) 2 (5.4)
Upadacitinib 14 (17.3) 9 (20.5) 5(13.5)
JAKi monotherapy 20 (24.7) 10 (22.7) 10 (27.0) 0.42
Use of concomitant methotrexate 34 (42.0) 18 (40.9) 16 (43.2) 0.50
bDMARD naive 1 (%) 24 (29.6) 13 (29.5) 11 (29.7) 0.58
Number of previous bDMARDs 1(0-3) 1(0-3) 1 (0-2.5) 0.62
RF-positive (Ul/mL) 1 (%) 70 (86.4) 37 (84.1) 33 (89.2) 0.36
ACPA-positive (UI/mL) n (%) 65 (80.2) 37 (84.1) 28 (75.7) 0.33
CRP b (mg/L) median (IQR) 3.5(0.8-9.6) 4.4 (0.9-9.8) 2.9(0.7-7.1) 0.76
DAS28 b mean (SD) 43 (1.1) 4.3 (1.0) 43(1.2) 0.98
CDAI b mean (SD) 23.1 (11.1) 229 (11.5) 23.4 (10.7) 0.84
CRP 6 m (mg/L) 1.1 (0.5-4.5) 2.2 (0.5-6.0) 0.8 (0.5-4.1) 0.52
DAS28 6 m mean (SD) 2.8(1.2) 3.0(1.1) 29(1.4) 0.65
CDAI 6 m mean (SD) 11.1 (9.5) 11.1 (8.8) 11.1 (10.5) 0.99
LDA-DAS28 1 (%) 50 (61.7) 26 (59.1) 24 (64.9) 0.32
LDA-CDAI n (%) 50 (61.7) 29 (65.9) 21 (56.8) 0.26

BMI: body mass index; bDMARD: biologic disease-modifying antirheumatic drug; JAKi: Janus kinase inhibitor;
RF: rtheumatoid factor; ACPA: anti-citrullinated peptide antibody; CRP: C-reactive protein; DAS28: Disease
Activity Score-28. CDALI: Clinical Disease Activity; LDA: low disease activity; SD: standard deviation; IQR:
interquartile range.
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3.2. Association Between BMI and Serum Adipokines

Leptin levels showed a significant positive correlation with BMI at baseline (r = 0.59,
p <0.01) and at 6 months (r = 0.56, p < 0.01) in the whole cohort (Figure 1). These levels
were significantly higher in patients with overweight/obesity than in normal weight at
baseline [24.5 (11.5-42.4) vs. 18.1 (7.3-38.7); p < 0.01] and at 6 m [41.4 (26.9-57.2) vs. 34.2
(21.7-26.9); p < 0.01]. Also, variations in leptin levels were observed between baseline and
6 months without statistical significance [28.0 (13.6-47.2) vs. 32.1 (17.3-50.7); p = 0.052].
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Figure 1. Correlation between BMI and leptin levels at baseline and 6 months after JAKi initiation.

Opverall, adiponectin levels did not show a correlation with BMI at baseline (r = —0.93,
p =0.43) and at 6 m (r = —0.13, p = 0.25), as depicted in Figure 2. Regarding BMI classi-
fication, adiponectin levels were numerically higher in patients with normal weight vs.
overweight/obesity at baseline [28.9 (18.5-36.5) vs. 23.2 (18.1-35.0); p = 0.46] and at 6 m
[30.4 (20.6-42.9) vs. 23.0 (17.5-41.8); p = 0.30] without statistical significance. Variations in
adiponectin levels were not significative between baseline and 6 m [23.8 (18.2-35.8) vs. 25.7
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Figure 2. Correlation between BMI and adiponectin levels at baseline and 6 months after JAKi initiation.

A sub-analysis of adipokine levels according to the different grades of obesity was also
performed and only significant differences were found between baseline and 6 m leptin lev-
els in patients with overweight versus grade II obesity (Supplementary Material Table S1).

3.3. Association Between BMI and Disease Activity

No correlation between disease activity and BMI was found in the whole cohort at
baseline and at 6 months (Figure 3), and no significant differences were found in terms of
activity indexes and different grades of obesity (Supplementary Material Table S2).
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Figure 3. Correlation between BMI and disease activity measured by CDAI and DAS28.

In terms of treatment response, 50 patients (61.7%) achieved LDA measured by both
the CDAI and DAS28 during the first six months of treatment, and there were no differences
between both groups of BMI in achieving this outcome (Table 1).

3.4. Association Serum Adipokines and Treatment Response
After observing the absence of a correlation between BMI and serum adipokines, we
analyzed the association of these parameters on treatment response in both groups.
No differences in serum adipokine levels were observed at baseline and at 6 months
in patients who achieved LDA vs. no-LDA measured by CDAI and DAS28 (Table 2 and

Figure 4).
Table 2. Adipokine levels regarding disease activity indexes.
Adipokine Levels CDAI DAS28
LDA No-LDA p-Value LDA No-LDA p-Value
Leptin b (ng/mL) (12.269—477.9) (13.295464.5) 0.94 (12.26636.5) (13.29?561.4) 0.33
Leptin 6 m (ng/mL) (15.239.6) (20.361—.522.7) 0.75 (14.114116.6) (20‘19—'572.7) 0.20
Adiponectinb (g /mL) (19.2823‘»16.3) (16.%;1;3.3) 019 (21.22%17.1) (13.%9;1.8) 012
Adiponectin 6 m (jig/mL) (19.229—4?5.6) (17.?3?9.9) 0.51 (18.29:15.8) (15.@2—'3?7.5) 0.31

CDAL Clinical Disease Activity Index; DAS28: Disease Activity Score-28; LDA: low disease activity; b: baseline;
6 m: 6 months. Data are presented in median and interquartile range.
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Figure 4. Serum leptin/adiponectin levels at baseline and 6 months divided according to response
to treatment.

4. Discussion

Our results show that BMI do not influence the ability to achieve low disease activity
in the first 6 months in patients with RA treated with JAKis, and this relationship is also
observed in adipose tissue cytokine measurement.

Obesity is common in patients with RA, is associated with more severe symptoms and
higher rates of disability among these patients, and can have a substantial impact on patient
symptoms and outcomes [10]. Furthermore, the impact of BMI on the control of disease
activity in rheumatic diseases has been widely reported in the literature. Indeed, several
studies support the idea that obesity is a risk factor for poor response to treatment in RA,
reducing the likelihood of achieving LDA in patients treated with cs/bDMARDs [11-13].

The mechanisms underlying the association between the impact of obesity and treat-
ment response could be related to higher rates of chronic pain and opioid use, less reliable
physical examination findings, and elevated inflammatory markers due to obesity’s nega-
tive impact triggering systemic inflammation. Adipose tissue has an endocrine function
because it secretes many molecules (adipokines) involved in the inflammatory network and
other pro-inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-«), interleukin-
1 (IL-1), monocyte chemotactic protein 1 (MCP-1) and interleukin-6 (IL-6) involved in RA
pathogenesis. These inflammatory mediators may interfere with the mechanisms of action
of these DMARDs, reducing their efficacy. Furthermore, obesity has been linked to altered
drug pharmacokinetics, which may result in suboptimal drug concentrations in patients
with a higher BMI, further impairing treatment response [6,14-16].

The impact of obesity as a comorbid condition in RA has been more extensively
analyzed in the treatment with TNF inhibitors (TNFi), and there are currently numerous
studies in which a higher BMI implies a worse response to bBDMARDs, regardless of the
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route of administration [17-19]. In contrast, the inhibition of T cell co-stimulation, the
blockade of B cells and IL-6 receptor blocking were not affected by obesity [19-23].

The results provided in our study are consistent with the available literature regard-
ing the relationship between BMI and response rates to JAKi. These tsDMARDs have
not shown reduced efficacy depending on BMI or weight according to data provided
in clinical trials and post hoc studies [24-27]. Thus, BMI did not consistently affect to-
facitinib, baricitinib and upadacitinib response, suggesting that these small molecules
are effective oral treatment option regardless of baseline BMI, including patients with
BMI > 30 kg/m? [24-26]. This conclusion is also reported with filgotinib, which did not
lead to substantial changes in BMI, and BMI did not appear to affect the efficacy of this
JAKi [27].

As previously mentioned, adipose tissue has endocrine functions and is capable of
acting in the regulation of inflammatory mechanisms. Some studies have already analyzed
the role of adipose tissue cytokines in the response to treatment in RA, especially TNFi
and IL6 inhibitors (IL6i), and have found that IL6i can modulate these adipose tissue
cytokines (especially leptin), while this modulation is not so evident in the case of TNFi
drugs [19,28-31]. However, no studies focused on these pathophysiological mechanisms
have been performed in patients treated with JAKi.

In our study, we observed a positive correlation between leptin levels and BMI;
however, these parameters did not influence baseline disease activity or treatment re-
sponse, suggesting that the mechanism of action of JAKi remains effective regardless of
BMI status. This observation could be attributed to the pleiotropic role of leptin, which
extends beyond energy balance regulation to promoting inflammation. In obesity, ele-
vated leptin levels—resulting from increased adipose tissue—can enhance the secretion of
pro-inflammatory cytokines, further activating the JAK/STAT pathway and amplifying
inflammatory responses. Notably, the leptin receptor shares structural similarities with
the signaling protein gp130, which exerts its biological function through JAK/STAT acti-
vation. This mechanism contributes to the chronic low-grade inflammation characteristic
of obesity, a key driver of insulin resistance and other metabolic complications [6,21-34].
Consequently, JAK/STAT pathway inhibition may not only suppress inflammation but
also potentially restore leptin sensitivity [35].

Conversely, adiponectin—an adipokine known for its anti-inflammatory properties—
tends to be reduced in obesity, though its role in RA remains controversial [8]. In our
analysis, adiponectin levels exhibited no significant variation and showed no association
with disease activity or treatment response, including the achievement of low disease
activity (LDA) or remission (REM). The existing literature suggests that adiponectin is less
sensitive to treatment-induced changes, particularly with bDMARDs [19,36—40].

Our findings contribute to a deeper understanding of the pathophysiological mecha-
nisms linking obesity and inflammation regulation in RA. Furthermore, this study is among
the few to directly assess BMI, adipokine levels, and their potential influence on JAKi
response. However, this study is not without limitations, mainly due to its relatively small
sample size, something that did not allow us to perform a subtype analysis of different
JAKis. Additionally, we did not measure other inflammatory cytokines implicated in both
obesity and RA. So, further investigations are needed that should address this challenge.

5. Conclusions

In this study, we did not find association between obesity and the extent of LDA/REM
in patients treated with JAKis. This may be due to the modulation of JAK/STAT signaling
and its implications in the adipose tissue cytokine regulatory pathway. Therefore, this
mechanism of action could be suitable for overweight/obese patients with RA.
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Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/nu17050820/s1, Table S1: Leptin and adiponectin levels in patients
depending on grade of obesity. Table S2: DAS28 and CDAI in patients depending on grade of obesity.
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