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Abstract

Background: Upadacitinib, a Janus kinase (JAK) inhibitor, is an effective treatment for Ankylosing
Spondylitis (AS). Although its efficacy in reducing disease activity is established, real-world data
regarding its impact on lipid profiles and laboratory parameters, particularly in biologic-refractory
patients, remain limited. This study aimed to evaluate the short-term effects of Upadacitinib on
inflammation, disease activity, and metabolic/lipid parameters in TNF inhibitor-experienced AS
patients. Methods: This retrospective cohort study included 61 TNFi-experienced patients (100%
TNFi-IR). Demographics, inflammatory markers (CRP, ESR), disease activity (BASDAI), and
hematologic, metabolic, and lipid parameters were assessed at baseline, month 1, and month 3.
Statistical analyses were performed using repeated measures ANOVA or Wilcoxon signed-rank tests
as appropriate. A p-value < 0.05 was considered statistically significant. Results: The mean age was
42.6 +10.8 years, and 55.7% were male. Median disease duration was 8 years [IQR 4-13], and baseline
BASDAI was 5.8 + 1.4. Upadacitinib treatment led to significant reductions in CRP (11.4 +10.2 — 6.9
+5.8 mg/L) and ESR (14.6 + 11.5 — 10.4 + 8.7 mm/h) by month 3 (p < 0.01). BASDAI scores improved
significantly to 3.6 = 1.2 (p < 0.001). Regarding laboratory safety, hemoglobin and albumin levels
increased significantly (p < 0.05), whereas other metabolic parameters remained stable. Lipid analysis
showed significant increases in total cholesterol, LDL, and HDL by month 3 (p < 0.003); however, the
LDL/HDL ratio and triglyceride levels remained unchanged (p > 0.05). Conclusion: In biologic-
refractory AS patients, Upadacitinib produced rapid and significant reductions in inflammation and
disease activity within 3 months. Although quantitative increases in lipid subfractions were
observed, the stable LDL/HDL ratio suggests a preserved atherogenic profile, consistent with the
“lipid paradox” described in inflammatory diseases.

Keywords: Upadacitinib; ankylosing spondylitis; JAK inhibitors; lipid profile; Spondyloarthritis

1. Introduction

Ankylosing spondylitis (AS) is a chronic, systemic inflammatory rheumatic disease primarily
affecting the axial skeleton and sacroiliac joints, characterized by progressive structural damage,
chronic pain, and functional impairment [1]. Beyond musculoskeletal involvement, persistent
systemic inflammation in AS is intrinsically linked to an increased risk of comorbidities, most notably
accelerated atherosclerosis and cardiovascular disease (CVD) [2]. While the introduction of biologic
therapies—specifically tumor necrosis factor inhibitors (TNFi) and interleukin-17 inhibitors (IL-
17i)—over the past two decades has revolutionized the management of AS, a significant subset of
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patients fails to achieve sustained remission or experiences intolerance, underscoring a substantial
unmet need for alternative therapeutic pathways, particularly for patients with difficult-to-treat,
biologic-refractory disease [3].

The Janus kinase (JAK)-signal transducer and activator of transcription (STAT) pathway plays
a pivotal role in mediating the signaling of multiple pro-inflammatory cytokines, such as interleukin
(IL)-6 and interferon-gamma, which are implicated in the pathogenesis of AS [4]. Upadacitinib, a
potent and selective JAK1 inhibitor, has demonstrated significant efficacy in suppressing systemic
inflammation and improving clinical outcomes in pivotal Phase 3 trials, including both biologic-naive
and TNF-inhibitor refractory populations [5]. Despite its favorable efficacy profile and the
convenience of oral administration, JAK inhibitors are known to induce quantitative changes in
serum lipid subfractions. Most existing evidence regarding these metabolic shifts originates from
highly controlled clinical trial settings. Consequently, there is a distinct need for real-world evidence
to evaluate the longitudinal impact of upadacitinib on comprehensive lipid profiles, hematological
indices, and metabolic safety in everyday clinical practice, particularly among difficult-to-treat AS
patients [6].

Beyond clinical efficacy, the safety profile of JAK inhibitors, particularly their impact on
metabolic and lipid homeostasis, has become a focal point of clinical interest [7]. Evidence derived
from rheumatoid arthritis (RA) populations has consistently shown quantitative increases in total
cholesterol (TC), low-density lipoprotein (LDL-C), and high-density lipoprotein (HDL-C) during JAK
inhibitor therapy; however, the long-term cardiovascular implications of these shifts remain a subject
of ongoing debate [8]. Data specifically evaluating lipid dynamics in ankylosing spondylitis (AS)
remain sparse compared to RA. Furthermore, the short-term interplay between upadacitinib,
systemic inflammatory markers, and comprehensive lipid subfractions in a real-world setting has not
been adequately characterized. Given that AS patients harbor an inherently elevated risk of
cardiovascular comorbidities due to chronic systemic inflammation, elucidating the metabolic
signature of upadacitinib is of paramount clinical relevance for evidence-based risk management [9].

Therefore, the aim of this study was to evaluate the short-term effects of upadacitinib on disease
activity, inflammatory markers, hematologic parameters, and lipid profiles in biologic-experienced
patients with ankylosing spondylitis in a real-world clinical setting.

2. Results

The study included 61 patients with a mean age of 42.6 + 10.8 years, of whom 55.7% (n = 34) were
male and 44.3% (n = 27) were female. The median disease duration was 8 years (IQR 4-13). The
majority of patients were diagnosed with ankylosing spondylitis (AS; n = 51, 83.6%), while the
remaining patients had psoriatic arthritis (PsA). The entire cohort (100%) consisted of patients with
refractory disease who had an inadequate response or intolerance to at least one anti-TNF agent
(TNFi-IR). Among the participants, 39.3% (n =24) had been treated with two or more TNF inhibitors,
and 22.9% (n = 14) had previously received an IL-17 inhibitor (Secukinumab). At baseline, patients
exhibited high disease activity (mean BASDAI: 5.8 + 1.4; CRP: 11.4 + 10.2 mg/L; ESR: 14.6 + 11.5
mm/h). During upadacitinib treatment, 18% of patients continued concomitant conventional
DMARD:s, 29.5% continued NSAIDs, and 9.8% received low-dose glucocorticoids. The demographic
and baseline clinical characteristics of the participants (n = 61) are presented in Table 1.

Table 1. Demographic and Baseline Clinical Characteristics of Participants (n = 61).

Variable Value (n =61)
Age (years) 42.6 +10.8
Sex, n (%)
Female 27 (44.3)
Male 34 (55.7)
Disease duration (years) 8 [4-13]

Diagnosis, n (%)
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Ankylosing Spondylitis (AS) 51 (83.6)
Psoriatic Arthritis (PsA) / Other 10 (16.4)
Baseline disease activity, Mean + SD
BASDAI score 58+1.4
CRP (mg/L) 11.4+£10.2
ESR (mm/h) 14.6 +11.5
History of biologic therapy, n (%)
Biologic-experienced (TNFi-IR) 61 (100)
Used 1 TNF inhibitor 37 (60.7)
Used 2 TNF inhibitors 18 (29.5)
Used 23 TNF inhibitors 6(9.8)
Previous Secukinumab (IL-17i) use 14 (22.9)
Concomitant treatments, n (%)
Conventional DMARDs (MTX, SSZ, LEF) 11 (18.0)
NSAID use 18 (29.5)
Low-dose glucocorticoids 6 (9.8)

Data are presented as mean * standard deviation or median [interquartile range] for continuous
variables and as number (percentage) for categorical variables. BASDAI: Bath Ankylosing
Spondylitis Disease Activity Index; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate;
TNFi: tumor necrosis factor inhibitor; IL-17i: interleukin-17 inhibitor; DMARD: disease-modifying
antirheumatic drug; NSAID: nonsteroidal anti-inflammatory drug.

During the study period, upadacitinib treatment led to a rapid and statistically significant
reduction in inflammatory markers and disease activity scores (Table 2). The mean baseline CRP level
of 11.4 +10.2 mg/L decreased to 7.8 + 6.5 mg/L at Month 1 and 6.9 + 5.8 mg/L at Month 3 (p <0.001).
Similarly, ESR decreased from 14.6 + 11.5 mm/h at baseline to 10.4 + 8.7 mm/h at Month 3,
representing a significant reduction (p = 0.002). BASDALI scores, the primary measure of disease
activity, declined from 5.8 + 1.4 at baseline to 3.6 + 1.2 at Month 3, indicating clinically meaningful
improvement (p < 0.001).

Table 2. Inflammatory markers and disease activity during Upadacitinib treatment (n = 61).

Parameter Baseline (Month 0) Month 1 Month 3 p-value
CRP (mg/L) 11.4+10.2 7.8+6.5 6.9+5.8 <0.001
ESR (mm/h) 14.6+£11.5 112+£9.8 104 +£8.7 0.002

BASDAI score 58+1.4 42+13 36+1.2 <0.001

Data are presented as mean + standard deviation. Changes over time were analyzed using
repeated measures ANOVA. p-values < 0.05 were considered statistically significant.

The short-term effects of upadacitinib on disease activity and inflammation are presented in
Figure 1.
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Figure 1. Short-term effects of upadacitinib on disease activity and inflammation. Line graphs depict the Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI) scores (left axis) and C-reactive protein (CRP, mg/L;
right axis) at baseline, Month 1, and Month 3. Both parameters show a marked decrease, indicating that

upadacitinib exerts rapid clinical and anti-inflammatory effects within the first month of treatment.

Evaluation of safety and laboratory parameters (Table 3) revealed significant increases in
hemoglobin (Hb) and albumin levels consistent with suppression of systemic inflammation (Hb: p =
0.032; Albumin: p = 0.005), and a significant decrease in platelet counts (p = 0.028). Creatine kinase
(CK) levels also showed a statistically significant but clinically modest increase (112.4 + 54.8 U/L —
144.2 + 68.5 U/L; p = 0.012). Liver function tests (ALT, AST), glucose, and other hematologic
parameters (WBC, lymphocytes) remained stable throughout follow-up, with no safety signals
detected (p > 0.05).

Table 3. Changes in Hematologic, Metabolic, and Muscle Enzyme Parameters During Upadacitinib Treatment

(n=061).
Parameter Baseline (0 Month) 1 Month 3 Months p-value
Hematologic

WBC (x103/uL) 8.85+2.1 8.14+1.8 822+19 0.064

Hemoglobin (g/dL) 13.6+14 13.9+1.2 141+13 0.032

Lymphocyte (x103/uL) 2.65+0.8 242 +0.7 2.51+0.8 0.115

Platelet (x103/pL) 315+78 288 + 65 294 +72 0.028

Metabolic & Liver

ALT (U/L) 248+124 26.1+14.2 27.5+15.8 0.452

AST (U/L) 214 +8.6 22.8+94 23.1+10.2 0.512

Albumin (g/dL) 41+04 43+0.3 44+03 0.005

Glucose (mg/dL) 94.6+15.2 96.2+12.8 95.8 +14.1 0.841

Creatine Kinase (CK) (U/L) 112.4+54.8 138.6+62.1 1442 +68.5 0.012

Data are presented as mean # standard deviation. Changes over time were analyzed using
repeated measures ANOVA. p-values < 0.05 were considered statistically significant.
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During upadacitinib treatment, notable changes were observed in lipid profile parameters
(Tables 4 and 5). Mean total cholesterol increased from 199.4 + 41.2 mg/dL at baseline to 211.8 + 38.5
mg/dL at Month 1 and 215.6 + 35.4 mg/dL at Month 3 (p = 0.001). Similarly, LDL cholesterol showed
a significant rise (baseline 118.7 + 33.6 — Month 1 130.2 + 31.4 — Month 3 136.5 + 29.8 mg/dL; p =
0.003). HDL cholesterol levels also increased significantly during treatment (baseline 50.2 + 12.4 —
Month 1 56.4 + 13.8 — Month 3 58.7 + 11.5 mg/dL; p = 0.001).

Triglyceride levels showed a modest rise from 145.8 + 72.1 mg/dL at baseline to 154.2 + 68.4
mg/dL at Month 1 and 148.6 + 62.3 mg/dL at Month 3, which was not statistically significant (p =
0.412). Non-HDL cholesterol increased from 149.2 + 38.5 mg/dL at baseline to 156.9 + 34.1 mg/dL at
Month 3 (p = 0.008), whereas the LDL/HDL ratio remained stable throughout the study (p = 0.845).
Figure 2 illustrates the short-term effects of upadacitinib on lipid parameters.

Table 4. Changes in Lipid Parameters During Upadacitinib Treatment (n = 61).

Parameter (mg/dL) Baseline (0 Month) 1 Month 3 Months p-value*
Total Cholesterol 199.4 +41.2 211.8 +38.5 215.6 +35.4 0.001
LDL-Cholesterol 118.7 +33.6 130.2+31.4 136.5+29.8 0.003
HDL-Cholesterol 50.2+12.4 56.4 +13.8 58.7+11.5 0.001

Triglycerides 145.8 £72.1 154.2 + 68.4 148.6 £ 62.3 0.412
Non-HDL Cholesterol 149.2 £ 38.5 155.4 + 36.2 156.9 + 34.1 0.008
LDL/HDL Ratio 2.36+0.8 2.31+0.7 2.32+0.6 0.845

Data are presented as mean # standard deviation. Changes over time were analyzed using
repeated measures ANOVA. p-values < 0.05 were considered statistically significant.
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Figure 2. Short-term effects of upadacitinib on lipid profile. Panel A: Total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) levels at baseline and Month
3. Asterisks (*) indicate p < 0.05, representing statistically significant increases. Panel B: LDL/HDL ratio at
baseline and Month 3. Thin bars with different colors were used (baseline: blue, Month 3: salmon). The ratio

remained stable, demonstrating that despite increases in lipid subfractions, the atherogenic profile is preserved.

Analysis of A values revealed that total cholesterol and LDL cholesterol increased by +16.2 +9.1
mg/dL and +17.8 + 8.4 mg/dL, respectively, from baseline to Month 3 (p <0.001 and p = 0.001). HDL
cholesterol also showed a significant A change of +8.5 + 4.1 mg/dL over the same period (p < 0.001).
Changes in triglycerides and LDL/HDL ratio were not significant.

Table 5. Changes in Lipid Parameters from Baseline During Follow-up (n = 61).

Parameter (mg/dL)
Total Cholesterol

A (0-1 Month) (Mean + SD)  p!
+12.4 + 8.6 0.004

A (0-3 Months) (Mean * SD) p?
+16.2+9.1 <0.001

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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LDL-Cholesterol +11.5+7.2 0.008 +17.8 + 8.4 0.001
HDL-Cholesterol +6.2+35 0.002 +8.5+4.1 <0.001
Triglycerides® +8.4+125 0.158 +2.8+14.2 0.482
LDL/HDL Ratio -0.05+0.12 0.624 -0.04 +0.15 0.812

Data are presented as mean + standard deviation. For triglycerides, the normality assumption
was not met; hence, the Wilcoxon signed-rank test was applied. ! p-value for the difference between
baseline (0 Month) and 1 Month, ? p-value for the difference between baseline (0 Month) and 3
Months, Paired t-test was used for parameters showing normal distribution. p-values < 0.05 were
considered statistically

3. Discussion

In this real-world cohort of biologic-experienced patients with ankylosing spondylitis,
upadacitinib treatment demonstrated a rapid and robust clinical impact, characterized by a
significant reduction in disease activity and systemic inflammatory markers within a three-month
period. Consistent with findings from pivotal clinical trials, the significant declines in BASDAI scores,
CRP levels, and ESR underscore the effectiveness of upadacitinib even in a refractory population that
has failed prior TNF inhibitor therapies [12]. Furthermore, the stability of most hematologic
parameters and liver enzymes supports the short-term safety of this JAK1 inhibitor. Notably, while
we observed quantitative increases in total cholesterol, LDL-C, and HDL-C levels, the stability of the
LDL/HDL ratio and triglyceride levels suggests a preserved atherogenic index [13]. These findings
indicate that the lipid shifts observed under upadacitinib therapy likely reflect the metabolic
normalization associated with the suppression of high-grade systemic inflammation, rather than a de
novo pro-atherogenic state [14].

The rapid and significant reductions in BASDAI scores and inflammatory markers observed in
our cohort align with findings from pivotal clinical trials and emerging real-world data on
upadacitinib in AS. Specifically, the SELECT-AXIS 1 and 2 trials demonstrated that upadacitinib
achieves superior clinical response and improvements in objective inflammatory markers, including
ASAS40 and ASDAS/CRP reductions, in both biologic-naive and TNFi-experienced populations
[15,16]. Our real-world findings mirror these results, confirming that the potent anti-inflammatory
effects of JAK1 inhibition are reproducible in routine clinical practice, even among difficult-to-treat
patients. Regarding metabolic shifts, extensive evidence from meta-analyses of JAK inhibitor
therapy —including upadacitinib —shows consistent quantitative increases in total cholesterol, LDL-
C, and HDL-C levels while the LDL/HDL ratio remains largely unchanged [17]. This pattern supports
the concept of a balanced lipid elevation rather than a de novo pro-atherogenic state, consistent with
the described reversal of the lipid paradox with inflammation control in systemic inflammatory
diseases [18]. By extending these observations specifically to a biologic-experienced AS cohort, our
study provides valuable evidence on the consistency of the upadacitinib safety and metabolic profile
across different spondyloarthritis phenotypes.

The observed elevations in lipid subfractions can be interpreted within the framework of the
lipid paradox seen in chronic inflammatory states [19]. High-grade systemic inflammation,
characterized by elevated IL-6 and TNF levels, typically suppresses cholesterol synthesis and
accelerates the catabolism of HDL and LDL, leading to lower circulating lipid levels despite high
cardiovascular risk [20]. The initiation of upadacitinib therapy appears to reverse this process by
effectively dampening the inflammatory cytokine storm. Our findings showed that total cholesterol,
LDL-C, and HDL-C levels increased synchronously; however, the stability of the LDL/HDL ratio—a
critical predictor of atherogenic risk—suggests that this is a quantitative rather than a qualitative shift.
This metabolic recalibration is consistent with the hypothesis that as the inflammatory burden is
lifted, lipid metabolism returns to a premorbid or normalized state [21]. Furthermore, the absence of
significant changes in triglyceride levels and the preservation of the non-HDL cholesterol profile
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support the notion that upadacitinib does not inherently alter the lipid metabolism toward a pro-
atherogenic phenotype in the short term [22].

The observed clinical efficacy of upadacitinib likely stems from its selective inhibition of JAK1,
which directly modulates the signaling of key pro-inflammatory cytokines such as IL-6, IL-12, and
IL-23, all of which are central to the pathogenesis of AS [23]. By effectively disrupting these pathways,
upadacitinib achieves a rapid suppression of systemic inflammation, as evidenced by the significant
declines in CRP and ESR, alongside marked improvements in patient-reported outcomes like the
BASDALI score [24]. The concomitant increases in total cholesterol, LDL-C, and HDL-C observed in
our study likely reflect a recalibration of lipid metabolism following the successful dampening of
chronic inflammation—a phenomenon well-documented with JAK inhibitors, including
upadacitinib, where both LDL-C and HDL-C levels rise while the LDL/HDL ratio remains stable [25].
Crucially, the stability of the LDL/HDL ratio suggests that while absolute lipid values rise, the relative
atherogenic risk remains unchanged in the short term. These findings underscore that while proactive
metabolic monitoring is warranted, the potent anti-inflammatory benefits of upadacitinib appear to
provide a favorable benefit-risk profile during the early treatment phase in biologic-refractory AS
patients [26].

The observed elevations in total cholesterol, LDL-C, and HDL-C emphasize the necessity for
meticulous cardiovascular (CV) risk assessment in patients treated with upadacitinib, especially
considering the inherently heightened CV burden associated with ankylosing spondylitis [27].
Although the stability of the LDL/HDL ratio in our cohort suggests a relatively neutral short-term
atherogenic profile, long-term prospective studies are required to ascertain whether sustained lipid
elevations translate into a clinically significant increase in major adverse cardiovascular events
(MACE) [28]. Current expert consensus and pharmacovigilance guidance recommend baseline lipid
screening and periodic monitoring during JAK inhibitor therapy, with lipid-lowering strategies or
lifestyle interventions implemented according to individual risk profiles [29]. Our real-world data
underscore that metabolic monitoring should be an integral part of routine clinical practice, ensuring
that the remarkable anti-inflammatory efficacy of upadacitinib is balanced with proactive
cardiovascular risk management.

Several key features strengthen the validity and clinical relevance of our findings. First, this
study provides valuable real-world evidence on the use of upadacitinib specifically in biologic-
experienced (100% TNFi-IR) patients with AS—a ‘difficult-to-treat’ population that is often
underrepresented or strictly selected in pivotal randomized controlled trials. Second, the
simultaneous evaluation of multiple clinically meaningful outcomes, ranging from patient-reported
indices (BASDALI) to objective inflammatory markers and detailed lipid subfractions, allows for a
comprehensive assessment of the interplay between efficacy and metabolic safety. Third, the
inclusion of consecutive patients from a single tertiary care center ensured a high degree of data
consistency and minimized selection bias, accurately reflecting routine rheumatological practice.
Finally, the longitudinal assessment at early time points (Months 1 and 3) captured the rapid kinetics
of both clinical response and lipid recalibration, providing essential practical insights for the early
monitoring and cardiovascular risk management of AS patients initiating upadacitinib therapy.

Despite its strengths, several limitations of this study warrant consideration. First, the
retrospective, single-center design may limit the generalizability of our findings to broader, more
diverse populations and precludes the establishment of definitive causal inferences. Second, while
our post-hoc power analysis confirmed sufficient power for primary clinical outcomes, the relatively
modest sample size may reduce the statistical sensitivity for detecting rare adverse events or subtle
metabolic shifts. Third, the short-term follow-up of 3 months restricts our ability to draw conclusions
regarding the long-term sustainability of clinical responses or the potential cardiovascular
consequences of the observed lipid alterations. Fourth, the absence of a parallel control group means
that the observed changes cannot be unequivocally attributed to upadacitinib therapy alone,
although the magnitude and temporal consistency of the effects suggest a robust treatment
association. Finally, as with any retrospective study, the reliance on electronic medical records may
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have introduced information bias or resulted in missing data for certain secondary parameters.
Notwithstanding these limitations, our study provides valuable ‘real-world” insights into the early
metabolic and clinical profile of upadacitinib in a refractory AS population.

Future research should prioritize long-term, prospective investigations in larger, multicenter
cohorts of biologic-experienced AS patients to confirm the durability of upadacitinib’s clinical efficacy
in real-world settings. Extended longitudinal follow-up is particularly crucial to evaluate whether the
observed lipid shifts translate into long-term cardiovascular outcomes and to establish evidence-
based monitoring intervals for metabolic parameters. Furthermore, head-to-head comparative
studies with other JAK inhibitors or interleukin-17 inhibitors could refine treatment positioning and
sequencing strategies for refractory disease. Finally, mechanistic explorations are needed to further
elucidate the complex molecular pathways linking JAK inhibition, the resolution of systemic
inflammation, and the subsequent recalibration of lipid metabolism.

4. Materials and Methods

4.1. Study Design and Patient Population

This retrospective cohort study was conducted at the Rheumatology Outpatient Clinic of XX
University Faculty of Medicine. Medical records of patients with ankylosing spondylitis (AS) who
initiated upadacitinib therapy (15 mg once daily) after an inadequate response or intolerance to at
least one tumor necrosis factor inhibitor (TNFi)—including etanercept, adalimumab, infliximab,
certolizumab, or golimumab —were retrospectively reviewed.

Eligible patients were required to have a confirmed diagnosis of AS according to either the
Modified New York Criteria [10] or the Assessment of SpondyloArthritis international Society
(ASAS) classification criteria [11], and to have received upadacitinib for clinical indications
determined by the treating rheumatologist.

To ensure the validity of the metabolic and lipid analyses, patients with a history of familial
hyperlipidemia, those receiving lipid-lowering therapy (statins or fibrates) at baseline, or those with
incomplete clinical or laboratory data at baseline or during follow-up were excluded from the study.

The study protocol was approved by the XX University Faculty of Medicine Ethics Committee
for Noninterventional Studies (Approval No: 6; Date: 24/12/2025) and was conducted in accordance
with the principles of the Declaration of Helsinki. Owing to the retrospective nature of the study, the
requirement for informed consent was waived by the Ethics Committee.

The patient selection process is summarized in Figure 3, which illustrates the inclusion and
exclusion criteria applied to the initial cohort of AS patients evaluated for upadacitinib treatment
following an inadequate response or intolerance to TNF inhibitors.

Total patients assesed

n=90
Excluded patients:
- Incomplete medical records=12
- Missing Laboratory parameters=10
y - Coomorbidities affecting laboratory=7

Patients included in
study=61
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Figure 3. Patient Selection Flowchart. This flowchart illustrates the inclusion and exclusion process for
ankylosing spondylitis (AS) patients who initiated upadacitinib therapy. Inclusion criteria: inadequate response
or intolerance to at least one TNF inhibitor, confirmed AS diagnosis according to the Modified New York or
ASAS criteria. Exclusion criteria: history of familial hyperlipidemia, use of lipid-lowering therapy at baseline, or

incomplete clinical/laboratory data.

4.2. Clinical and Laboratory Assessments

Baseline demographic characteristics, disease duration, and concomitant medications—
including non-steroidal anti-inflammatory drugs (NSAIDs), conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs; methotrexate, sulfasalazine, leflunomide), and low-
dose oral corticosteroids (<10 mg/day prednisolone equivalent)—were extracted from electronic
medical records.

Disease activity was assessed using the Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI). BASDALI scores were recorded at baseline and at Months 1 and 3 following the initiation
of upadacitinib therapy to evaluate longitudinal changes in clinical response.

Laboratory assessments were performed on fasting venous blood samples obtained after at least
8 hours of fasting at baseline and during follow-up visits (Months 1 and 3). Inflammatory markers
included C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR). Hematologic
parameters comprised white blood cell count, hemoglobin, platelet count, and absolute lymphocyte
count. Metabolic and safety assessments included alanine aminotransferase (ALT), aspartate
aminotransferase (AST), serum albumin, fasting glucose, and creatine kinase (CK) levels.

A comprehensive lipid profile was evaluated, including total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglycerides
(TG). Secondary lipid indices—non-HDL cholesterol (TC minus HDL-C) and the LDL/HDL ratio—
were calculated to further characterize the atherogenic lipid profile.

All clinical and laboratory parameters were analyzed longitudinally to assess the short-term
effects of upadacitinib on disease activity, systemic inflammation, and metabolic homeostasis in
patients with ankylosing spondylitis.

4.3. Statistical Analysis

Statistical analyses were performed using SPSS software, version 27.0 (IBM Corp., Armonk, NY,
USA). The normality of continuous variables was assessed using the Kolmogorov-Smirnov test,
complemented by visual inspection of Q-Q plots. Continuous variables were expressed as mean *
standard deviation (SD) for normally distributed data and as median with interquartile range (IQR)
for non-normally distributed data. Categorical variables were summarized as frequencies and
percentages.

Longitudinal changes in clinical and laboratory parameters measured at baseline, Month 1, and
Month 3 were analyzed using repeated-measures analysis of variance (ANOVA) for normally
distributed variables. For variables that did not satisfy normality assumptions, the Friedman test was
applied. When overall comparisons were statistically significant, post hoc pairwise comparisons with
Bonferroni correction were performed to identify differences between specific time points.

For direct comparisons between two predefined time points (baseline vs. Month 1 and baseline
vs. Month 3), the paired-sample t-test was used for normally distributed variables, whereas the
Wilcoxon signed-rank test was applied for non-normally distributed variables.

All statistical tests were two-tailed, and a p-value < 0.05 was considered statistically significant.
To evaluate the adequacy of the sample size, a post hoc power analysis was conducted using G*Power
software (version 3.1.9.7). Based on the primary clinical outcome—change in BASDAI score from
baseline to Month 3 —with an assumed effect size of 0.5 and an alpha level of 0.05, the sample size of
61 patients yielded a statistical power exceeding 90%, indicating that the study was sufficiently
powered to detect clinically meaningful changes over time.
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5. Conclusions

In conclusion, this real-world study demonstrates that upadacitinib provides rapid and
significant clinical improvement and potent anti-inflammatory effects in biologic-refractory patients
with ankylosing spondylitis. While upadacitinib therapy is associated with quantitative increases in
total cholesterol, LDL-C, and HDL-C levels within the first three months, the stability of the
LDL/HDL ratio suggests a metabolic normalization —consistent with the reversal of the inflammatory
lipid paradox—rather than an immediate pro-atherogenic shift. These findings underscore the
favorable short-term safety and efficacy of upadacitinib in a difficult-to-treat AS population.
Nevertheless, given the chronic nature of AS and its associated cardiovascular burden, our results
highlight the importance of integrating proactive metabolic monitoring into routine clinical practice
to ensure a balanced approach between disease control and long-term cardiovascular risk
management.

Author Contributions: Conceptualization, Z.A.A. and D.Y.; methodology, O.K,; software, Z.A.A.; validation,
M.C.; formal analysis, Z.A.A.; investigation, D.Y.; resources, O.K,; data curation, D.Y; writing —original draft
preparation, Z.A.A.; writing—review and editing, M.C.; visualization, OK; supervision, M.C.; project
administration, D.Y.; funding acquisition, Z.A.A. All authors have read and agreed to the published version of

the manuscript.
Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of
Helsinki, and approved by the Institutional Ethics Committee of Dicle University Faculty of Medicine Ethics
Committee for Noninterventional Studies (Approval No: 6; Date: 24/12/2025).

Informed Consent Statement: Patient consent was waived due to retrospective nature of the study.

Data Availability Statement: The data that support the findings of this study are not publicly available due to

ethical and privacy restrictions but are available from the corresponding author upon reasonable request.

Acknowledgments: The authors have no acknowledgments to declare.The authors have reviewed and edited
the output and take full responsibility for the content of this publication.”.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

AS Ankylosing Spondylitis

PsA Psoriatic Arthritis

CVD Cardiovascular Disease

TNFi Tumor Necrosis Factor Inhibitor

IL-17i Interleukin-17 Inhibitor

JAK Janus Kinase

STAT Signal Transducer and Activator of Transcription
CRP C-Reactive Protein

ESR Erythrocyte Sedimentation Rate

BASDAI Bath Ankylosing Spondylitis Disease Activity Index
NSAIDs Non-Steroidal Anti-Inflammatory Drugs
c¢sDMARDs Conventional Synthetic Disease-Modifying Anti-Rheumatic Drugs

ALT Alanine Aminotransferase

AST Aspartate Aminotransferase

CK Creatine Kinase

TC Total Cholesterol

LDL-C Low-Density Lipoprotein Cholesterol
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HDL-C High-Density Lipoprotein Cholesterol
TG Triglycerides

MACE Major Adverse Cardiovascular Events
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