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Psoriasis is a polygenic disease in which chronic inflammation in the skin develops as a result of an interaction between genetic predisposing
factors and environmental triggers. The self-sustaining inflammatory response of the skin coexists with autoimmune and autoinflammatory compo-
nents. From an immunological point of view, psoriasis is characterized by profound changes, including sustained activation of the tumor necrosis
factor alpha axis with interleukins 23 and 17 (TNF-a/IL-23/IL-17), as well as high expression of early pro-inflammatory cytokines.

The study of the pathogenesis of psoriasis is still relevant. Numerous studies have established that concomitant ("comorbid") diseases are
associated with psoriasis, which may be due to individual links in the pathogenesis of the underlying disease, including through immuno-metabolic
disorders.

The purpose of this review was to analyze current data on the relationship between psoriasis and comorbid conditions. The review presents
new data on comorbid associations of psoriasis with metabolic syndrome, cardiovascular diseases, intestinal dysbiosis, and other pathologies.

The object of the study was publicly available scientific information, the search for which was carried out in the databases: PubMed, Medline,
Scopus, Web of Science, RSCI, without language restrictions. An analysis of the literature data showed that psoriasis should be considered as a
systemic inflammatory condition underlying comorbid associations. The pathogenesis of metabolic disorders in psoriasis is associated with consti-
tutionally determined immune hyperreactivity. In turn, the developed metabolic abnormalities increase immune inflammation due to newly formed
molecular patterns of dangers (DAMPs). Promising in understanding the causes of the formation of comorbid conditions and diseases in psoriasis
is the study of general metabolic parameters, which will expand the understanding of the mechanisms of formation of comorbidity in psoriasis. In
addition, this will allow the development of complex pathogenetic therapy, taking into account the correction of violations of metabolic processes
in the body of patients. The analysis of scientific information shows that the systemic nature of psoriasis implies a personalized approach to its

diagnosis and treatment, taking into account comorbid (comorbid) conditions.
Keywords: psoriasis, metabolic syndrome, cardiovascular disease, psoriatic arthritis, intestinal dysbiosis, metabolic profile.

Introduction. Psoriasis is a chronic
inflammatory skin disease that affects
1-2% of the population and has a serious
impact on the quality of life of those af-
fected by the disease [15].

Psoriasis results from an interaction
between genetic predisposing factors
and environmental triggers, leading to
a self-sustaining inflammatory skin re-
sponse in which autoimmune and autoin-
flammatory components coexist [11, 46].
The condition usually manifests as ery-
thematous, well-defined plaques covered
with grayish-white scales, and 30% of af-
fected individuals may develop inflamma-
tory arthritis, psoriatic arthritis (PsA) [39].

The clinical and histological features
of psoriatic skin lesions reflect some key
mechanisms of the disease, such as hy-
perproliferation and angioneogenesis.
Immunologically, psoriasis is character-
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ized by profound changes involving sus-
tained activation of the tumor necrosis
factor alpha axis with interleukins 23 and
17 (TNF-0/IL-23/IL-17) as well as high
expression of early proinflammatory cy-
tokines [7, 53]. Numerous studies have
shown the prevalence of autoinflamma-
tion at the systemic level [14, 31].

Of particular importance are metabolic
disorders, which can be independent or
induced by primary immune hyperreac-

tivity [38].
Numerous studies have established
that associated ("comorbid") diseas-

es are associated with psoriasis, which
may be caused by individual links in the
pathogenesis of the underlying disease,
including through immune and metabolic
disorders [3].

According to S.G. Lykova et al. (2020)
the concept of "comorbidity” (lat. co - to-
gether, morbus - disease) was introduced
by A. Feinstein in 1970, putting into this
term the idea of the presence of "any
distinct additional clinical picture that ex-
isted or could arise in the patient during
the clinical course of the index (main)
disease" [3].

The presence of comorbidity in psori-
asis is considered within the framework
of the "psoriatic march" concept, which
consists in the presence of causal links
between dermatosis and pathology of
other organs [19].

On this basis, the aim of this review
was to analyze the current data on the

immune-metabolic relationship of psoria-
sis with comorbid conditions.

Materials and methods of the study.
The object of the study was publicly avail-
able scientific information, which was
searched in the databases: PubMed,
Medline, Scopus, Web of Science, RSCI,
without language restrictions. In the pro-
cess of writing the article the method of
analysis and synthesis of information
was used.

Results and discussion.

Molecular mechanisms of comor-
bidity formation in psoriasis. Our anal-
ysis of the literature showed that inflam-
mation mediated by type 1 (Th1) T-helper
lymphocytes, which is one of the main
links in the pathogenesis of psoriasis, is
a fundamental factor in the development
of obesity, metabolic syndrome, diabetes,
atherosclerosis and myocardial infarction
[56].

In addition to the abnormal immune
cell responses observed in the pathogen-
esis of psoriasis, recent pathophysiologi-
cal studies have focused on the activation
of the interleukin (IL)-23/IL-17 system,
which increases abnormal keratinocyte
proliferation and causes psoriasis [56].
Although the exact role of IL-17A in car-
diovascular disease is still controversial,
accumulation of IL-17-producing cells
and elevated IL-17A levels have also
been observed in atherosclerotic lesions
[10, 17]. According to the literature, the
"two plaques, one syndrome" hypothesis



has been proposed, due to the fact that
the molecular mechanisms of these two
diseases have striking similarities with
T-cell-mediated inflammation [6]. The hy-
pothesis states that psoriasis is a chronic
systemic inflammatory disease leading to
insulin resistance through suppression of
insulin receptors. In addition, decreased
expression of insulin receptors in en-
dothelial cells leads to decreased nitric
oxide (NO), a vasodilatory agent. This
leads to the development of vasocon-
striction and increased arterial stiffness.
As a result, the cited study reported an
increased incidence of myocardial in-
farctions (Ml) and strokes. It has been
shown that the use of an insulin stimula-
tor (glucagon-like peptide 1 - GLP-1) can
improve the course of psoriasis, empha-
sizing the effect of insulin resistance in
inflammation [38, 45].

According to the literature, elevated
levels of the amino acid homocysteine
are detected in the blood of psoriasis pa-
tients. On the one hand, hyperhomocys-
teinemia is a sign of unhealthy lifestyle,
and together with such risk factors as
smoking, dyslipidemia and markers of
metabolic syndrome significantly increas-
es the risk of coronary heart disease
(CHD) in psoriasis [4]. On the other hand,
due to the presence of a large number
of dividing cells in the skin in psoriasis,
huge amounts of methyl groups are con-
sumed, which may lead to impaired ho-
mocysteine metabolism. Also, high levels
of homocysteine may indicate vitamin
deficiencies (folic acid - B, B, B,,), im-
paired renal function [1, 22]. At the same
time, some medications used in the treat-
ment of psoriasis (methotrexate, methyl-
prednisolone), among others, contribute
to an increase in blood homocysteine lev-
els, apparently due to their antimetabolic
effect on folic acid.

Numerous studies have confirmed the
pathophysiological link between psoria-
sis and obesity. Adipocytes are known to
be the predominant cell type in adipose
tissue, secreting important hormones
and signaling molecules such as adi-
pokines. At the same time, adipokines
can mediate cutaneous inflammation,
suggesting a role in the pathogenesis
of psoriasis and the development of
obesity. In obesity, adipocytes produce
increased amounts of proinflammatory
adipokines, while the production of this
class of anti-inflammatory molecules
is reduced. Cytokines characteristic of
psoriasis, such as TNF-b, IL-1c, and IL-
6, affect adipose tissue by participating
in key mechanisms of triglyceride (TG)
metabolism and preadipocyte differen-
tiation, including an increased risk of

obesity. Secreted adipokines such as
leptin, chemerin, retinol-binding protein 4
(RBP4), visfatin, fetuin-A, apelin-36, and
lipocalin-2 may enhance the immune re-
sponse and contribute to immune-medi-
ated disease through their proinflamma-
tory effects; however, adiponectin and
omentin show anti-inflammatory effects,
but their levels are significantly reduced
in obese patients.

In obesity, the hormone leptin plays a
key role in the pathogenesis. Numerous
studies have demonstrated that plasma
leptin levels are elevated in both obese
and psoriasis patients, and elevated con-
centrations correlate positively with body
mass index (BMI) and psoriasis area and
severity index (PASI) scores, indicating
a common important role for leptin in
psoriasis and obesity. Indeed, several
meta-analyses evaluated circulating con-
centrations of important adipokines and
found that leptin concentrations were sig-
nificantly higher in patients with psoriasis
and without obesity [33, 51], indicating
that increased leptin levels in patients
with psoriasis may come not only from
adipocytes but also from keratinocytes
and endothelial cells [26].

It is recognized that obesity is a risk
factor for psoriasis, exacerbates existing
psoriasis, and that weight reduction can
reduce the severity of psoriasis in over-
weight people [25, 35].

Impaired lipid metabolism is consid-
ered an important hallmark in the etiol-
ogy and pathogenesis of psoriasis. S.
Srinivas et al (2019) studied plasma lipid
profiles and cardiovascular risk markers
in 200 people, among whom 100 pa-
tients had psoriasis. The results of the
studies revealed a significant increase
in lipid profile parameters, cardiovascu-
lar risk and atherogenicity index in pso-
riasis patients compared to the control
group [8].

Al Harthi F et al (2014) found that
Saudi Arabian psoriasis patients had
significantly higher serum cholesterol,
triglyceride, and LDL levels compared
with controls. The lipid profile results
confirm that psoriasis is one of the inde-
pendent risk factors for hyperlipidemia
and emphasize the need for cardiovas-
cular disease screening in patients with
psoriasis [9].

In the studies of G. B. Huraib et al
(2019) found that106 patients with
Saudi Arabian psoriasis vulgaris had
significantly elevated body mass in-
dex, fasting glucose, total cholesterol,
low-density lipoproteins, triglycerides,
and C-reactive protein, known markers
of cardiovascular disease, compared
with controls [30].
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In recent years, several studies have
shown that nonalcoholic fatty liver dis-
ease (NAFLD) is common in patients with
psoriasis [37]. The term NAFLD encom-
passes a wide range of liver lesions, from
simple fatty hepatosis to nonalcoholic
steatohepatitis (NASH), including various
degrees of liver fibrosis, cirrhosis, and
even hepatocellular carcinoma [28, 59].
The global prevalence of NAFLD in the
general population is estimated at 25%
[18], and it is currently one of the leading
causes of liver cirrhosis and liver trans-
plantation [32]. NAFLD is now a growing
epidemic, partly because of obesity, insu-
lin resistance, and metabolic syndrome
[5], but also because of psoriasis [58].
Strikingly, the same comorbidities, es-
pecially those associated with metabolic
abnormalities that may contribute to he-
patic steatosis, have been associated
with systemic inflammation in psoria-
sis. Moreover, specific proinflammatory
mediators have been shown to cause
a chronic inflammatory state in NAFLD,
psoriasis, and the metabolic syndrome
[36, 50]. This similarity may indicate a
related pathogenesis between psoriasis
and NAFLD with potentially increased
risk of progressive liver disease [5]. The
prevalence of NAFLD in patients with
psoriasis is high and is associated with a
higher prevalence of metabolic syndrome
signs, bacterial translocation, and a high-
er proinflammatory state.

Clinical manifestations of comor-
bidity in psoriasis.

Based on the data presented above
on the molecular mechanisms of comor-
bidity formation in psoriasis, the clinical
associations are understandable.

There is now accumulating evidence
proving comorbid associations of psori-
asis with type 2 diabetes mellitus (DM2)
[41, 44], the metabolic syndrome and its
components: arterial hypertension [23],
obesity [34, 35]; cardiovascular disease
[40, 43] and other pathologies.

Similar to plaque psoriasis [52, 57],
pustular psoriasis is associated with a
metabolic syndrome, including hyperten-
sion, hyperlipidemia, diabetes, and obe-
sity [13, 49]. A systemic body response
has been revealed in psoriasis and psori-
atic arthritis patients, which is manifested
by unidirectional metabolic disorders and
changes in the cellular composition of the
blood [2].

Given these observations, there has
been a paradigm shift from viewing
psoriasis simply as a "skin disease" to
a systemic inflammatory condition [27].
Chronic inflammation and genetic deter-
minants appear to underlie comorbid as-
sociations.



. YAKUT MEDICAL JOURNAL

In recent years, cardiovascular dis-
ease has been recognized as an im-
portant comorbid condition. Various
epidemiological studies have reported
a significantly increased risk of serious
cardiovascular events such as MI, stroke
[40] and venous thromboembolism (VTE)
[42] in individuals with psoriasis. Studies
by M.J.E. Visser et al (2021) add to the
accumulating evidence about the sys-
temic nature of psoriasis and the subse-
quent risk of associated cardiovascular
disease, possibly due to acquired hyper-
coagulation. Because the processes of
inflammation and coagulation are inter-
related, persistent systemic inflammation
may contribute to the development of a
prothrombotic state in psoriasis patients.
In this study, the prothrombotic state in
patients with psoriasis was characterized
by endothelial (elevated sICAM-1 levels)
and platelet activation (elevated sP-se-
lectin levels), hypercoagulation (TEG
results) and abnormal fibrin deposition
(SEM analysis) [47].

Wolska A et al. (2014) found histolog-
ical similarity between psoriatic and ath-
erosclerotic plaques. Both plaques have
increased levels of activated Th1 and
T helper lymphocytes type 17 (Th17),
which cause inflammation in various tis-
sues [29].

An imbalance of gut microorganisms
(dysbiosis) has important functional con-
sequences and is associated with many
digestive diseases, as well as with dia-
betes, obesity, metabolic syndrome, pso-
riatic arthritis, celiac disease, psychiatric
disorders and other diseases [12, 24, 54,
55].

There is ample evidence that intestinal
dysbiosis is a possible cause of chronic
skin inflammation, particularly psoriasis
[16, 20, 21, 48].

Thus, in recent years, the study of the
metabolic profile has become increasing-
ly important in the diagnosis of psoriasis
as a systemic disease, since certain me-
tabolites can influence the mechanisms
of psoriasis formation. Systematic study
of metabolic parameters can lead to bet-
ter understanding of the pathogenesis of
psoriasis and eventually to the develop-
ment of new methods of treatment and
diagnostics.

Prospects for therapy of psoriasis
with comorbid diseases.

On the basis of the above, new per-
spectives open up for the treatment of
psoriasis in relation to comorbid condi-
tions.

Given the commonality of the patho-
physiological processes of psoriasis with
comorbid conditions, it becomes possi-
ble, on the one hand, to avoid polyprag-

masy and reduce the toxic load on the
body and, on the other hand, to develop
maximum targeted therapy in several di-
rections at once. In particular, it has been
shown that the use of an insulin stimula-
tor (glucagon-like peptide 1 - GLP-1) can
improve the course of psoriasis by em-
phasizing the effect of insulin resistance
in inflammation [38, 45].

There is evidence in the literature
that treatment with IL-17A monoclonal
antibodies can not only improve psoriat-
ic lesions but also restore impaired lipid
metabolism to normal levels in psoriasis
patients. Given that impaired regulation
of lipid metabolism is considered a criti-
cal factor in cardiovascular disease, res-
toration of lipid metabolites in psoriasis
patients indicates that IL-17A monoclonal
antibodies may have a potential protec-
tive effect against associated cardiovas-
cular disease.

An important direction in the treatment
of psoriasis in association with comorbid
conditions is lifestyle modification, avoid-
ance of bad habits, and normalization
of body weight as significant factors in-
fluencing the intensification of systemic
inflammation.

It is important to evaluate patients with
psoriasis from both a dermatological and
a metabolic perspective. The complex in-
teraction of psoriasis with various comor-
bidities suggests the need for a multidis-
ciplinary approach in the management of
psoriasis patients.

Conclusion. Thus, the review of the
literature shows that the study of the
pathogenesis of psoriasis is still rele-
vant. Currently, there is accumulated
data proving comorbid associations of
psoriasis with metabolic syndrome, car-
diovascular diseases, intestinal dysbiosis
and other pathologies. Given these ob-
servations, there has been a paradigm
shift from viewing psoriasis simply as a
"skin disease" to a systemic inflammato-
ry condition. Chronic inflammation and
genetic determinants, underlie comorbid
associations.

Promising in understanding the caus-
es and diagnosis of psoriasis is a com-
prehensive study of general metabolic
indices and immunoregulatory messen-
gers, which will not only expand our
understanding of the mechanisms of
psoriasis formation, but also develop a
comprehensive pathogenetic therapy
with the correction of immune and meta-
bolic disturbances in patients. Analysis of
scientific information shows that the sys-
temic nature of psoriasis suggests a per-
sonalized approach to its diagnosis and
treatment, taking into account comorbid
(concomitant) conditions.
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