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Abstract: Background and Objectives: Janus kinase inhibitors (JAKi) have significantly ad-
vanced the treatment of various dermatological conditions by modulating the JAK-STAT
signalling pathway. While these inhibitors have proven effective, they also pose chal-
lenges due to associated increase in serum lipid levels and relative potential cardiovascular
risks. This perspective work aims to discuss the implications of these lipid alterations
proposing management strategies for patients with dermatological disorders under JAKi
treatments. Materials and Methods: This manuscript reviews existing and recent literature
on the metabolic effects of JAKi, particularly focusing on their impact on lipid profiles in
patients treated for dermatological diseases. Results: JAK inhibitors are consistently associ-
ated with an increase in both LDL and HDL levels shortly after treatment initiation, which
tend to stabilise over time. Despite these changes, there is no clear evidence linking these
alterations to an increased risk of major adverse cardiovascular events (MACE), indicating
a complex interaction between lipid metabolism and JAK-STAT signalling. Conclusions:
Although JAKi may induce lipid changes in patients, raising concerns, especially in ones
with existing cardiovascular risks, currently there is no proven link to increased MACE
in this population. Monitoring lipid levels, alongside lifestyle modifications and possible
statin use, can manage these effects without the need to stopping treatment.

Keywords: atopic dermatitis; alopecia areata; vitiligo; cardiovascular risk; dermatological
treatment; dyslipidemia; JAK inhibitors; JAK-STAT signaling; janus kinase; lipid metabolism;
serum lipids
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1. Introduction

The Janus kinase/signal transducer and activator of transcription (JAK/STAT) signaling
pathway involves families of molecules associated with the intracellular domains of receptors
for various cytokines and growth factors, facilitating signal transmission to the cell nucleus [1,2].
The JAK-STAT pathway plays a pivotal role in several cellular functions, including mitosis,
differentiation, apoptosis, hematopoiesis, immune system (both innate and adaptive), and
exocrine gland activity. Through some extracellular mediators, it regulates the expression of
specific genes that govern key cellular functions [1]. Besides, hypoxia, ultraviolet radiation,
endotoxin exposure, and oxidative and hyperosmolar stress can be modulated through the
activation of this pathway, resulting in distinct cellular responses. These responses can, in turn,
trigger inflammatory reactions, contributing to the onset of diseases such as atopic dermatitis,
psoriasis, alopecia areata and vitiligo. Blocking this signal transduction pathway can therefore
reduce or modulate inflammation in these conditions, as evidenced by the increasing clinical
use of JAK inhibitors (JAKi). While the literature extensively explores JAKi and their impact on
lipid metabolism, we identified a gap in the availability of a concise and practical guide tailored
for dermatologists seeking quick reference in clinical practice. The aim of this perspective article
is to evaluate the main pathophysiological aspects of dyslipidemia development associated
with JAK inhibitors in dermatology and to discuss the relative management strategies, given the
growing prevalence of these agents in daily clinical practice. However, before addressing these
points, it is essential to understand the fundamental physiological aspects of this significant
signaling pathway.

1.1. JAKs and STATs and Their Structures

JAK proteins are characterised by four domains and seven regions (JH1-JH7); among
these, JH1 domain (active kinase domain) is involved in phosphate transfer and subsequent
nuclear activation, making it the primary target for JAK inhibitors. However, since JH1
shows a high degree of homology with other tyrosine kinases (TYKs), achieving selectivity
for JAK inhibitors is challenging [1]. Contrariwise, JH2 domain (pseudo-kinase domain) acts
more as a regulatory region, suppressing ligand-independent kinase activity by interacting
directly with JH1 [1]. At the same time, JH5, JH6, and JH7 regions (collectively known as
the FERM domains) are essential for the interaction between JAKs and specific receptors [1].
Finally, JH3 and JH4 stabilise the conformation of the JAK FERM, appearing to be essential
for JAK protein function [3].

1.2. JAK-STAT Signaling

The JAK/STAT pathway is activated when type I and type II cytokines bind to their
receptors, which are characterised by different chains. This binding activates JAKs, which
phosphorylate themselves and their relative receptors, creating binding sites for STAT proteins.
Finally, these active STATs move into the nucleus to regulate gene expression [1]. There are
four types of JAKs: JAK1, JAK2, JAKS, and TYK2 [1,3-5]. While, regarding STAT proteins,
there are seven types: STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5B, and STAT6. When
cytokine receptors activate JAKs, STATs are phosphorylated and form dimers or tetramers,
undergoing both tyrosine and serine phosphorylation by other kinases [1]. Specifically, serine
phosphorylation enhances gene activation and supports energy production in mitochondria.
Even without phosphorylation, STATs can still dimerize and regulate genes (Figure 1). It is
interesting that any alteration in this pathway can lead to different diseases, as follows: chronic
infections (e.g., viral diseases, mycological diseases, bacterial diseases) in case of deficit STAT1;
psoriasis, atopic dermatitis, alopecia areata and vitiligo in case of STAT1 hyper-activation. RNA
viruses infections (e.g., influenza virus) in case of deficit STAT2. Malignancies (lung cancer,
breast cancer, leukemia, lymphomas) and autoimmune and/or chronic inflammatory diseases
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(e.g., lupus erythematosus, psoriasis, atopic dermatitis, vitiligo, alopecia areata, rheumatoid
arthritis) diseases in case of STAT3 hyper-activation; hyper-IgE syndrome and chronic bac-
terial or mycological infections in case of STAT3 deficit. Reduced Th1 response and relative
predisposition to viral and bacteriological infections and autoimmune diseases (e.g., lupus
erythematosus) in case of deficit STAT4. Chronic myeloid leukemia in STAT 5 hyper-activation;
prolactin production alteration in case of STATSA /B deficit. Asthma, atopic dermatitis in case
of hyper-activation STAT6 and Th2 deficit in case of downregulation of STAT6 [6]. Table 1
summarises the main cytokines involved in the JAK/STAT pathway.
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Figure 1. Mechanism of action of JAK-inhibitors. Once STAT dimers enter the nucleus, they act
as transcription factors by binding to specific DNA sequences (such as Gamma-Activated Sites or
Interferon-Stimulated Response Elements), located in the promoters of target genes. The specific
genes transcribed depend on the type of STAT activated, the cytokine or ligand involved, and the cell
type. STAT1 primarily transcribes genes involved in antiviral responses, such as interferon-stimulated
genes (ISGs) like MX1, OAS1, PKR, and IRF1. It also induces the expression of MHC class I and II
molecules, enhancing antigen presentation, and IP-10 (CXCL10), which recruits immune cells like T
lymphocytes and NK cells to sites of infection or inflammation. STAT?2, often in combination with
STAT1 and IRF9, transcribes additional ISGs that enhance antiviral defenses, like ISG15 and other
resistance-related genes. STAT3 is involved in promoting cell survival and inflammatory responses.
It induces the transcription of anti-apoptotic genes such as Bcl-2 and Bcl-xL, as well as factors like
vascular epithelial growth factor (VEGF), which stimulates angiogenesis. STAT3 also upregulates
acute-phase proteins, including CRP (C-reactive protein) and serum amyloid A (SAA), which are
important during systemic inflammation. STAT4 is key in driving the differentiation of T cells into
the Th1 phenotype. It promotes the transcription of IFN-y, a central cytokine in cellular immunity,
and T-bet, a transcription factor that further reinforces Thl responses. STAT5 plays a pivotal role
in regulating cell growth, hematopoiesis, and adaptive immunity. It transcribes genes such as C-
myc, which promotes cell proliferation, Cyclin D1, which regulates the cell cycle, and Bcl-xL, which
supports cell survival. STAT5 also enhances IL-2 signaling, crucial for T cell function, and contributes
to erythropoiesis by promoting the expression of the erythropoietin receptor (EPO-R). STAT®6 is
central to Th2 immune responses and allergic reactions. It transcribes genes like IL-4 and IL-13, which
amplify Th2 polarization, and promotes IgE production through the upregulation of CD23. It also
induces Arginase-1, involved in tissue repair and modulation of inflammation. Increased levels of
serum lipids in patients under JAK inhibitors treatment (JAKi). JAKi by inhibiting interleukin (IL)-6
and Interfeton (IFN)-gamma increase lipoprotein lipase (LPL) activity leading to an increase of serum
lipids levels. Created in BioRender. Paolino, G. (2025) https://BioRender.com/c47u896 (accessed on
23 December 2024)”.
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Table 1. JAK/STAT pathway and related cytokines [1,6-8].

JAK/STAT Cytokines

IFN«/ 3, IFNYy, IL-2, IL-4, IL-6, IL-7, IL-9, IL-10, IL-11, IL-15, IL-19,
IL-20, IL-21, IL-22, IL-24, IL-28, IL-29, CNTE LIE, OSM, CT-1

GH, EPO, TPO, PRL, Leptin, G-CSF, GM-CSF, IL-3, IL-5, IL-6, IL-10,
IL-11, IL-12, IL-13, IL-19, IL-20, IL-22, IL-23, IL-27.

JAK3 IL-7,IL-9, IL-15, IL-21, IL-2, IL-4
IFEN-o/ B3, IFNYy, IL-6, IL-10, IL-11, IL-12, IL-13, IL-19, IL-20, IL-22,

JAK1

JAK2

TYK2 1L-23, IL-27, IL-28, IL-29.
STAT1 IFN-/ B, IFNvy, IL-2, IL-6, IL-10, IL-11, IL-22, IL-27, IL-28, IL-29, PDGE,
EGEFE, HGF, TNF, TPO, angiotensin IL
STAT2 IFNo«/ B, IL-28, IL-29
IL-3, IL-5, IL-7, IL-9, IL-10, IL-11, IL-15, IL-19, IL-20, IL-21, IL-22, IL-23,
STAT3 1L-24, IL-26, IL-27, IL-28, IL-29, IL-31, LIF, OSM, CNTFE, CT-1, CLCF1,
GH, G-CSF, GM-CSF, TPO, Leptin, and IFNo/f3.
STAT4 1L-12, IL-23, IL-27, and IFNo/ 3.
STATSA /B EGEF EPO, TPO, GH, PDGE, Prolactin, Leptin, IL-2, IL-3, IL-4, IL-5, IL-7,

IL-9, IL-10, IL-15, IL-21, IL-22, IL-27, IL-28, IL-29, G-CSF, GM-CSFE.
STAT6 IL-4, IL-5, IL-13, and IL-3.

Abbreviations. JAK: Janus kinase; STAT: signal transducer and activator of transcription; IL: Interleukin;
CNTF: Ciliary Neurotrophic Factor; OSM: Oncostatin M; LIF: Leukemia Inhibitory Factor; CT-1: Cardiotrophin-1;
IFN«/: Interferons o and {3; IFNy: Interferon v; GH: Growth Hormone; EPO: Erythropoietin; TPO: Throm-
bopoietin; PRL: Prolactin; G-CSF: Granulocyte Colony-Stimulating Factor; GM-CSF: Granulocyte-Macrophage
Colony-Stimulating Factor; PDGF: Platelet-Derived Growth Factor; EGF: Epidermal Growth Factor; HGF: Hepato-
cyte Growth Factor; TNF: Tumor Necrosis Factor.

1.3. JAK Inhibitors

Our discussion so far highlights the essential role of JAKs and STATs in maintaining
immune system balance, supporting the targeting of JAK-STAT signalling for treating
autoimmune and inflammatory conditions. Since 1990s, JAK inhibitors have emerged
as a means of controlling inflammation through JAK inhibition. Currently available JAK
inhibitors work by blocking the ATP-binding site in the JH1 domain through non-covalent
interactions. However, due to the structural similarity of this site with other tyrosine
kinases, it has been necessary to make this mechanism of action highly selective [3]. Various
JAK inhibitors with reasonable specificity have been developed, and pan-JAK inhibitors
(targeting multiple JAKs) have shown effectiveness with manageable side effects; however,
how much the selectivity of a JAK inhibitor can enhance its mechanism of action remains
unclear [3], (Figure 1).

The development of small molecules that inhibit JAK activities have broadened the
therapeutic landscape for many chronic inflammatory and autoimmune diseases. To date,
twelve JAK inhibitors have received clinical approval: abrocitinib, baricitinib, delgocitinib,
deucravacitinib, fedratinib, filgotinib, oclacitinib, pacritinib, peficitinib, ruxolitinib, tofac-
itinib, and upadacitinib. Among these, abrocitinib, baricitinib, delgocitinib, tofaticinib,
ruxolitinib, ritlecitinib and upadacitinib are primarily used to treat dermatologic diseases,
such as atopic dermatitis, psoriasis, vitiligo and alopecia areata [3]. Although JAK inhibitors
demonstrate excellent therapeutic responses in treating inflammatory skin diseases, they
can also lead to side effects, such as elevated lipid levels, raising concerns to physicians
and patients.



Medicina 2025, 61, 54

50f 14

2. Metabolic Effects and Mechanisms Underlying JAK
Inhibitor-Induced Dyslipidemia

JAK inhibitors have shown significant promise in managing various inflammatory and
autoimmune diseases; however, they are associated with metabolic side effects, particularly
dyslipidemia. Dyslipidemia, characterised by elevated serum levels of total cholesterol, low-
density lipoprotein (LDL), and triglycerides, is a well-known side effect usually observed in
patients undergoing JAKi therapy. Although the mechanisms underlying this effect are not
fully understood, they appear to involve complex interactions between JAK-STAT signaling
and lipid metabolism, as these pathways play key roles in regulating cytokine-mediated
immune responses that indirectly influence metabolic processes.

Specifically, JAK inhibitors, by inhibiting pathways which involve downstream of
pro-inflammatory cytokines (e.g., Interleukin [IL]-6 and interferons [IFNs]), may disrupt the
balance of lipid synthesis and clearance mechanisms. Inflammation typically suppresses
lipid levels through the upregulation of cytokines (e.g., IL-6), which can enhance lipid
catabolism (Figure 1). Consequently, reducing IL-6 signaling may reduce this lipid-lowering
effect, leading to an increased serum lipid levels [4,5,9]. Indeed, tofacitinib and baricitinib
(two JAK inhibitors commonly used in theumatoid arthritis and other autoimmune dis-
eases) have demonstrated dose-dependent increases in total cholesterol and LDL levels,
which can emerge within the first few weeks of therapy [4,5,9]. This effect may be particu-
larly concerning in patients already at risk for cardiovascular disease, necessitating lipid
monitoring and potential adjunctive lipid-lowering therapy [4,5,9]. The dyslipidemic ef-
fects of JAK inhibitors may also be mediated through impacts on hepatic lipid metabolism.
The liver play a central role in the production of several inflammatory cytokines, and
JAK inhibitors could influence hepatic synthesis and the subsequent release of lipopro-
teins [4,5,9]. This hypothesis is supported by observations that lipid profiles often stabilise
or slightly improve after an initial increase, suggesting an adaptation in lipid metabolism
with prolonged JAK inhibition [4,5,9]. Finally, specific genetic mutations may influence the
efficacy and tolerability of JAKi; indeed polymorphisms in JAK genes (JAK1, JAK2, JAK3,
or TYK2) may alter receptor binding or the efficacy of JAK inhibitors, thereby potentially
influencing therapeutic outcomes [10]. At the same time, CYP450 enzyme polymorphisms
may influence the way JAK inhibitors are metabolised [11], resulting in differences in drug
clearance and plasma concentration between patients, and consequently cause higher lipid
levels in some patients than in others, as well as determining a possible different therapeutic
response. Therefore, future research will be essential in exploring ways to mitigate these
common side effects, preserving the therapeutic benefits of JAK inhibition.

In clinical practice, the dyslipidemia associated with JAK inhibitors may be prevented
and managed by performing regular lipid monitoring, implementing lifestyle interventions,
and potentially combining JAK inhibitors with lipid-lowering agents in patients with
significant risk factors for cardiovascular disease [5].

3. Increased Serum Levels of Lipids in Patients Treated with JAK
Inhibitors: Daily Life
3.1. Tofacitinib

Tofactinib is a JAK1-3 inhibitor (with a weaker effect on JAK2 and TYK2) and it is cur-
rently used to treat several autoimmune and inflammatory conditions, including rheuma-
toid arthritis, psoriatic arthritis, ulcerative colitis, and ankylosing spondylitis. Specifically,
tofacitinib binds the ATP-binding site of JAK enzymes, preventing their activation. This
inhibition disrupts the phosphorylation cascade, blocking STAT activation and downstream
gene transcription [12]. Tofacitinib suppresses the activity of cytokines (such as IL-2, IL-6,
IL-7, IL-12, IL-15, IL-21, and interferon-gamma), all of which play roles in autoimmu-
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nity and inflammation, decreasing immune cell activation and proliferation, mitigating
inflammatory processes.

Phase 2 and 3 studies, at doses of 5 mg or 10 mg twice daily (BID), administered either
alone or alongside background non-biologic Disease-Modifying Antirheumatic Drugs
(DMARD:s), showed an average increase in LDL-C and high-density lipoproteins (HDL)-C
levels, ranging between 10% and 20% [5]. Most of these increases were observed within the
first four weeks of treatment, stabilising after 3 months. Further analyses examined LDL-C
data from 1474 patients across five double-blind Phase 2 trials and two long-term extension
(LTE) studies using a non-linear model. Patients achieving an ACR50 response showed a
slightly higher maximum LDL-C increase compared to non-responders. Increased levels of
LDL-C were reported within the first five weeks of treatments, with no further increases
over the following three years [13]. Additionally, regarding inflammation parameters, some
studies found that the largest increases in LDL-C and HDL-C in patients with the greatest
reduction in C-reactive protein (CRP) [13]. In any case, as observed by other reports [13],
the addition of a statin (e.g., atorvastatin) for patients receiving tofacitinib 10 mg twice
daily was associated with significant reduction in total cholesterol (TC), LDL-C, triglycerids
(TG), and apoB to below-baseline levels [13].

3.2. Upadacitinib

Upadacitinib is a selective Janus kinase 1 inhibitor approved for the treatment of
several autoimmune and inflammatory diseases, including moderate-to-severe rheumatoid
arthritis, psoriatic arthritis, ankylosing spondylitis, atopic dermatitis, and ulcerative colitis.
Upadacitinib is a selective JAK inhibitor that targets intracellular signaling pathways
involved in inflammation and immune regulation. It primarily inhibits JAK1, reducing
the signaling of cytokines that depend on JAK1, such as IL-6, IL-12, IL-23, and interferon-
v, reducing inflammation and immune overactivation [14]. In a recent meta-analysis of
15 studies, [3,13], upadacitinib administration (3—48 mg/day) was associated with increases
in LDL-C and HDL-C, though the LDL-C/HDL-C ratio remained stable. Despite this
increase in serum lipids, no impact of upadacitinib on major adverse cardiovascular events
(MACE) (risk ratio, RR: 0.62; 95% CI: 0.24-1.60) was observed [3]. In summary, although
upadacitinib treatment increases both LDL-C and HDL-C levels, it does not significantly
impact cardiovascular risk within a follow-up period of up to 52 weeks [3,13].

3.3. Abrocitnib

Abrocitinib is a Janus kinase-1 (JAK1)-selective inhibitor under investigation for the
treatment of moderate-to-severe AD, inhibiting the activity of cytokines such as IL-4, IL-13,
IL-31, IL-6, and interferons, which are critical in the pathogenesis of atopic dermatitis and
other inflammatory diseases [15,16]. Abrocitinib gained FDA approval in 2022, after phase 3
trials demonstrated significantly improved responses in treating moderate to severe atopic
dermatitis. As for other JAKIi, suppressing IL-6, at the same time may increase lipoprotein
lipase (LPL) activity, elevating lipid levels, including LDL and HDL cholesterol [17]. At
the same time, Simpson et al. [18] found that abrocitinib had a dose-dependent effect on
LDL-C and HDL-C from baseline to week 16, with no notable change in LDL-C/HDL-C
ratio over this period. Lipid reduction can be achieved by adding statins to therapy or by
dose reduction.

3.4. Baricitinib

Baricitinib is a selective inhibitor of Janus kinase (JAK) 1 and JAK2, proteins involved in
the JAK-STAT signaling pathway, that inhibits cytokines like IL-6, IL-12, and interferon [19].
Baricitinib is indicated for moderate-to-severe rheumatoid arthritis, moderate-to-severe
atopic dermatitis and alopecia areata. According to other reports [4,9,13], baricitinib can
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induce dose-dependent increases in serum lipid levels by week 12. LDL-C increased by
3.4 mg/dL in the 1 mg group and by 11.8 mg/dL in the 8 mg group. Similarly, HDL choles-
terol rose by 3.3 mg/dL and 8.1 mg/dL, and triglycerides by 6.4 mg/dL and 15.4 mg/dL in
the 1 mg and 8 mg groups, respectively [13]. For apolipoproteins, increases were observed
with 4 mg doses of baricitinib (9.5% for apolipoprotein A-I, 6.8% for apolipoprotein B, and
23.0% for apolipoprotein CIII) and 8 mg doses (12.2%, 7.1%, and 19.7%, respectively), while
LDL-associated apolipoprotein C-III showed a decrease (—4.5% with 4 mg and —9.0% with
8 mg) [20]. Taylor et al. found low rates of major adverse cardiac events (MACE) rates with
no increase over time and no apparent association between changes in LDL-C and MACE.
Increases in LDL reversed in response to statin therapy [3,13,18].

3.5. Ritlecitinib

Ritlecitinib is a selective inhibitor, acting on Janus kinase 3 (JAK3) and tyrosine kinase
family (TEC) and it is indicated for the treatment of alopecia areata in adults and young
people aged 12 years and older. By selectively inhibiting JAK3, ritlecitinib blocks cytokine
signaling that drives T-cell, NK-cell, and B-cell proliferation and function. While inhibit-
ing TEC kinases, Ritlecitinib further suppresses T-cell receptor (TCR) and B-cell receptor
(BCR) signaling, dampening lymphocyte activation and immune overactivation [21-24].
According to the clinical study ALLEGRO Clinical Trial Program no clinically meaning-
ful changes in lipid levels were observed over the course of ritlecitinib treatment [24].
According to ALLEGRO Clinical Trial Group three patients (0.2%) with MACE were re-
ported [25]. These included one event of myocardial infarction in a 49-year-old man, who
was a current smoker with a history of hyperlipemia and diabetes; one retinal artery occlu-
sion in a 48-year-old woman with congenital carotid artery defect, patent foramen ovale,
migraine and anti-phospholipid antibodies, one sudden death occurred in a 51-year-old
woman with a history of asthma, anxiety, and smoking. Finally, a 54-year-old woman
in the ritlecitinib experienced a pulmonary embolism (PE) that had potential risk factors,
including a recent positive SARS-CoV-2 test and a medical history of morbid obesity, sleep
apnea, hypertension, hyperlipidemia, and monoclonal gammopathy of undetermined
significance [25]. Other studies performed with ritlecitinib also showed that it does not
have some of the side effects associated with JAK1 inhibitors, in particular changes in the
lipid profile [26]. However, long-term data on the possible long-term alteration of lipids
induced by retlicitinib are currently lacking. Besides, as for for other JAK inhibitors, also
Ritlecitinib indirectly influencing metabolic pathways, including lipid metabolism, through
their effect on cytokines like IL-6, could play a role in the increase in serum lipids, therefore
patients should be monitored.

4. Lipid Alteration Under JAK-Inhibitors and Relative Clinical
Management of Dyslipidemia in JAK Inhibitors Therapy

As previously discussed, numerous scientific studies and daily clinical evidence indicate
an increased risk of lipid abnormalities in patients undergoing JAK inhibitor (JAKi) therapy.

Indeed, the inhibition of the JAK/STAT pathway by JAKi may facilitate lipid release
through increased expression of liver X receptor « and ATP-binding cassette transporter
(ABCA1). The shared mechanisms observed in these studies suggest that IL-6 may act as
a mediator of lipid metabolism changes [27]. Thus, the ultimate effect could be achieved
through either IL-6 blockade or JAK inhibition, as both interfere with IL-6-dependent
receptor signaling. Supporting this, an ex vivo experiment demonstrated that tofacitinib
reduced IL-6 gene expression while showing variable effects on the expression of IL-
8, TNF-«, and IL-10 genes [27]. Specifically, with ablation of JAK1 tofacitinib reduced
signaling via IFN thus reducing TNF-« synthesis within macrophages. The role of IFN-y
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in modifying blood lipoproteins and promoting the development of atherosclerosis has
been hypothesised for many years. Current knowledge indicates that IFN-y signaling
through the JAK/STAT pathway regulates over 2300 genes [27]. Signaling through IFN
leads to numerous pathophysiological consequences. As a key player in the immune
response, IFN is also involved in lipid metabolism and the development of atherosclerosis,
inducing oxidative stress, promoting foam cell accumulation, enhancing platelet-derived
growth factor expression and destabilising plaques make the IFN and STAT/JAK pathway
a promising target for atherosclerosis treatment.

A recent systematic review reported data on LDL and HDL level variations in patients
receiving JAKi therapy for rheumatologic indications; specifically, the analysis revealed that
all forms of JAKi therapy were associated with an average increase in HDL of 8.11 mg/dL
and in LDL of 11.37 mg/dL from baseline levels [17]. This pattern mirrors findings from the
drugs’ clinical registration trials, where initial shifts in lipid levels were observed within the
first few weeks of therapy and then stabilised by the third month [28]. Notably, the increase
in both LDL and HDL may have a dual effect: while the rise in LDL could theoretically raise
cardiovascular risk, this may be offset by the protective role of elevated HDL. However,
there is currently no established direct link between elevated lipid levels and an increased
incidence of major cardiovascular events in these patients [29]. Indeed, the increase in lipid
levels did not correlate with a higher risk of atherosclerosis and is thought to result from
the redistribution among various lipid compartments rather than increased lipid synthesis.
Furthermore, as demonstrated in studies with baricitinib, hypercholesterolemia—observed
in less than 10% of patients—was a dose-dependent effect [30]. Cholesterol levels typically
rise during the first 12 weeks of treatment, followed by stabilisation of total cholesterol,
LDL, and HDL levels with continued therapy.

The patient profiles examined for JAKi-related dyslipidemia in existing studies pri-
marily include individuals with severe arthritis, older age, and at least one pre-existing
cardiovascular risk factor. This demographic contrasts markedly with typical patients
receiving JAK inhibitors for dermatologic conditions, suggesting differences in baseline risk
factors and possibly in lipid metabolism responses [31]. This underlying cardiovascular
risk complicates the assessment of causality, making it difficult to distinguish whether any
observed cardiovascular events are due to JAK inhibitor therapy itself or to the elevated
baseline risk associated with chronic inflammation.

One promising new development in the study of JAK inhibitors and lipid metabolism
is the introduction of selective TYK2 inhibitors, with deucravacitinib currently the only
approved drug in this category. This subclass is distinguished by its unique mechanism of
action: TYK2 inhibition occurs not at the catalytic ATP-binding site but through allosteric
inhibition at a highly specific regulatory site unique to TYK2. This selectivity minimises
cross-reactivity with other systemic kinases, potentially reducing off-target effects, includ-
ing those on lipid profiles [9].

In dermatology, clarifying the relationship between lipid metabolism and JAKi action
will require a deeper exploration of the underlying pathogenetic mechanisms and a thor-
ough assessment of the clinical impact in real-world patient populations. Additionally,
considering that patients with chronic inflammatory skin conditions already have an in-
creased risk of major cardiovascular events [28], it remains challenging to correlate these
events specifically to the administration of JAK inhibitors.

To provide a clearer picture of the range of adverse events associated with JAKi use
beyond lipid alterations, Table 2 details these events for commonly used JAKi.
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Table 2. JAK-Inhibitors and their reported adverse events.

Most Common

Drug Selectivity Indication Adverse Events
- Dyslipidemia; gastrointestinal
"[llogagtirﬁb JAK1, JAK3 Arthritic psoriasis  perforation;
e infections; thromboembolism

Alopecia areata

Baricitinib JAK1, JAK2 Atopic dermatitis  Dyslipidemia; infections;

[1,4,8,9,13] ’ Juvenile arthritic  venous thromboembolism
psoriasis

Dyslipidemia; infections;
malignancies; elevation

of creatine

phosphokinase and hepatic
aminotransferase; low blood cell
counts; stroke;

venous thromboembolisms

Upadacitinib
[1,3,6,8,11]

Arthritic psoriasis

JAK1 Atopic dermatitis

Diarrhea; dyslipidemia;
headache; hematologic

JAK 1 Atopic dermatitis  abnormalities; nasopharyngitis;
nausea; upper respiratory
tract infection

Abrocitnib
[1,6-8,12,13]

Headache, Nasopharyngitis,
JAK3 Alopecia areata Acne, upper respiratory
infection, pyrexia, caught

Ritlecitinib
[1,6,8,14]

One of the most important aspects to take also into consideration is that patients
with chronic inflammatory cutaneous diseases often undergo therapies for a long period,
therefore concerns about long-term safety profile remain. Important findings can be present
in a recent metanalysis performed by Lamberg et al. [32]. Indeed, the authors did not
identify any statistically significant differences in the incidence rates per 100 person-years
between oral JAK inhibitors and non-JAK medications for malignancy (excluding non-
melanoma skin cancers), venous thromboembolism, or serious infections. However, they
observed that all oral JAK inhibitors were associated with increase HDL and LDL levels
in patients but usually with an unfavorable LDL/HDL cholesterol ratio [32,33]. However,
the “lipid paradox “stems from the inflammatory process, particularly due to increased
cholesterol degradation [33]. Proinflammatory cytokines, such as TNF-alpha and IL-6,
promote the upregulation of LDLR and SRBI1 receptors on hepatocytes, enhancing LDL
uptake by the liver and cholesterol excretion into bile, ultimately lowering circulating
LDL levels [33]. Additionally, other findings suggest that the lipid paradox observed in
patients with chronic inflammatory diseases, along with the heightened cardiovascular
disease (CVD) risk in these patients, is largely influenced by lipid quality, particularly
HDL. In this context, HDL undergoes a functional shift from anti-atherogenic to pro-
atherogenic, contributing to these associations. In this regard, Fernandez-Ortiz et al. [34]
provided valuable insights into the “lipid paradox”; their study, which analysed data from
448 patients with early arthritis, found that higher disease activity in these patients was
associated with reduced levels of total cholesterol, HDL cholesterol, and LDL cholesterol,
alongside elevated levels of oxidized LDL (oxLDL-C) [35]. Notably, patients with lower
LDL-C levels exhibited higher oxLDL-C/LDL cholesterol ratios. These findings suggest that
altered HDL cholesterol and oxLDL cholesterol levels, driven by elevated disease activity,
may contribute to the increased cardiovascular risk observed in chronic inflammatory
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diseases with lower LDL cholesterol levels [33]. However, despite an extensive literature
review, no evidence currently supports a potential link between VTE events and the
lipid paradox theory [33]. On the other hand, a study confirmed the association between
dyslipidemia and VTE [9,32,33,35,36].Other studies demonstrated that in phase II and III
trials of upadacitinib, 27% of RA patients and 28% of Psoriatic Arthritis patients had LDL
cholesterol levels exceeding 3.36 mmol/L [37]. These findings highlight a notable lack of
attention to addressing key cardiovascular and VTE risk factors in rheumatological patients
managed at specialised centers [33]. he evidence underscores the importance of mitigating
clinically significant increases in LDL cholesterol, considering the U-shaped relationship
between LDL levels and cardiovascular risk [33]. Finally, it is essential for every clinician to
recognise that LDL cholesterol is a key contributor to atherosclerotic cardiovascular disease.
Therefore, meticulous monitoring and stringent management of LDL cholesterol levels are
crucial for every patient.

Given the increasing importance of metabolic changes and cardiovascular risk profiles
in the treatment planning for patients on JAKi, it is essential to work towards standardised
therapeutic and monitoring strategies. Indeed, a recent systematic review proposed an
initial framework for standardised metabolic monitoring in patients undergoing JAKi
therapy. Key recommendations include routine lipid profile assessments through blood
tests before initiating therapy and periodically at follow-up visits, allowing clinicians to
establish baseline values and monitor changes in these markers over the various phases of
treatment [38].In any case, according to currently available content, patients with existing
cardiovascular diseases, patients with traditional risk factors [e.g., hypertension, diabetes,
hyperlipidemia, smoking history, obesity (BMI > 30)], patients aged > 65 years and patients
with a history of thromboembolic events are the ones at a higher risk of cardiovascular
events and therefore require careful monitoring and attention [5,32,33].

Another critical component is a multidisciplinary approach to patient management, in
which the role of a cardiologist becomes particularly relevant. The cardiologist’s assessment
provides a comprehensive view of the patient’s cardiovascular risk and helps determine if
specific treatments are needed [39]. When addressing potential JAKi-related dyslipidemia,
current management options include initiating oral lipid-lowering therapy or reducing the
JAKi dosage. This adjustment is based on findings suggesting that the metabolic effects
of JAK inhibitors may be dose-dependent, with higher doses correlating with increased
off-target activity. Establishing therapeutic thresholds for lipid levels in patients on JAK
inhibitors and tailoring lipid-lowering treatments according to individual cardiovascular
risk profiles are key components of managing dyslipidemia.

Oral statins (e.g., atorvastatin or rosuvastatin) are considered the first-line lipid-
lowering option due to their favorable safety profile; however, for mild lipid alterations,
non-pharmacological oral supplements may also be considered. Statins have a reduced
potential for drug-drug interaction with JAKi, at the same time allowing to continue JAK
treatment for the underline dermatological disease, stabilising and /or decreasing serum
lipid levels. Additionally, lifestyle changes, including a heart-healthy diet, regular physical
activity, and smoking cessation, can significantly support lipid management and enhance
overall cardiovascular health. An exhaustive review of each patient’s cardiovascular and
metabolic history is essential for tailoring both therapeutic and follow-up decisions, as
certain individual characteristics may guide the clinician’s approach [38-40]. Clinical trials
and daily clinical practice highlight that JAKi show a rapid onset of action, with improve-
ments sustained over long-term. Regarding other side effects on long-term, increased risk
of infection (e.g., herpes zoster) have been reported, together with major cardiovascular
events (MACE) mostly in patients over 65 years of age or with specific risk factors, al-
though different studies have not shown an increased long-term risk of developing MACE
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in JAKi treated patients, compared to patients treated with anti TNF-alpha therapies or
DMARD:s [41,42]. Accordingly, tailoring therapy based on individual risk profiles (e.g.,
particularly for cardiovascular or thromboembolic events) may sustain the efficacy and
safety of JAKi in the long-term.

Regarding genetic analysis, targeting genetic testing could help clinicians identify
patients who would benefit most from JAKi treatment as well as identify those patients who
are most likely to experience side effects. Indeed, some genetic predispositions (e.g., factor
V Leiden mutation) may increase the risk of thromboembolic events in patients treated with
JAK inhibitors, therefore requiring close monitoring in this class of patients [20]. As well as
genes involved in specific cytokine pathways (e.g., IL-6 or STAT3) could be further studied
to assess the possible influence of individual responses to JAK inhibitors by modulating the
inflammatory cascade. Finally, also other aspects, such as age, ethnicity and comorbidities
variations may also influence both the efficacy and side effect profile of JAKi [41]. Therefore,
genetic mutations in JAK genes could have a role in the future use of JAKi; specifically,
mutations in JAK1, JAK2, JAK3, or TYK2 might lead to reduced drug efficacy by altering
binding sites or activating alternative inflammatory pathways [41]. Gradually, chronic use
of JAKi could also induce drug resistance, reducing the efficacy of the treatments. Therefore,
a growing importance of personalized medicine will always have a greater role in the daily
clinical practice; in this regard, genetic testing could become crucial for identifying patients
who are most likely to benefit from treatment or face potential adverse effects, as well as
developing next-generation JAK inhibitors tailored to specific genetic profiles.

Ultimately, by adhering to these guidelines, clinicians can better balance the benefits
of JAK inhibitor therapy with proactive management of potential metabolic side effects,
thereby improving patient outcomes and minimising long-term cardiovascular risks.

Finally, regarding the perspective and new directions in the spectrum of JAKi, several
aspects play a pivotal and primary role. Due to their anti-inflammatory action emerging
researches explore their role in non-infection uveitis, as well as in pulmonary fibrosis and
other organ-specific sclerotic and fibrotic conditions, like scleroderma [43,44]. Also, in-
flammatory bowel diseases (e.g., ulcerative colitis), hematologic malignancies (e.g., Myelo-
proliferative neoplasms) as well as solid tumors can be target for the use of JAKi. In this
regard, the development of more selective inhibitors, such as those targeting specific JAK
isoforms (e.g., JAK1-only inhibitors), aims to reduce off-target effects and improve safety
profiles. Regarding lipidic profile, advances in drug design will aim to minimise off-target
effects on lipid metabolism; this important point will be reached with the development of
allosteric modulators (modulating JAK activity without complete inhibition, potentially
reducing metabolic side effects), with selective cytokine modulation, focusing on pathways
less involved in lipid regulation (e.g., avoiding IL-6).

5. Conclusions

JAK inhibitors have significantly advanced the treatment of atopic dermatitis, im-
proving cutaneous response and enhancing patient quality of life. However, like all drugs,
they are associated with side effects, one of the most notable being an increase in serum
lipids levels, as discussed in this article. Based on both clinical studies and daily practice
observations, serum lipids elevations typically occur within the first weeks of JAK inhibitor
therapy (likely due to interference with hepatic metabolism) and tend to stabilise over time.
This lipid increase may raise concerns for both patients and physicians, particularly for
those with additional cardiovascular risk factors, as it could theoretically elevate the risk
of major adverse cardiovascular events (MACE). Nonetheless, current studies have not
established a definitive link between lipid increases in patients treated with JAK inhibitors
and an increased incidence of MACE.
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To mitigate potential risks, careful monitoring of serum lipids, tailored to each patient’s
age and medical history, along with lifestyle improvements (e.g., diet and physical activity),
and, if necessary, the addition of statins, may help manage lipid elevations in this patient
group without necessitating discontinuation of treatment.
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