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ABSTRACT
Introduction: Psoriatic arthritis (PsA) is a
chronic  immune-mediated  inflammatory

spondyloarthropathy associated with psoriasis.
PsA is frequently associated with metabolic
disorders including, obesity, metabolic syn-
drome, and diabetes mellitus (DM). Type 2 DM
is among the most common metabolic disor-
ders, with a prevalence ranging from 2.4 to
14.8% in the general population.

Methods: We conducted a narrative review of
the English-language studies from January 1989
to September 2019 investigating the risk of type
2 DM in patients with PsA, the pathogenic
mechanism linking DM to PsA, and the effects
on insulin sensitivity exerted by systemic ther-
apies for PsA.

Results: The prevalence of type 2 DM in
patients with PsA ranges from 6.1 to 20.2%,
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generally higher when compared to the general
population. The higher risk of DM is reported in
women with more severe forms of PsA. Elevated
serum levels of adipokines, including TNF-q,
which inhibits the autophosphorylation of the
insulin receptor and suppresses the expression
of glucose transporter 4, favor insulin resistance
and could partially explain the association
between PsA and DM. Moreover, adiponectin
and omentin, with insulin-sensitizing and anti-
atherogenic properties, are decreased in patients
with PsA. Some of the treatments for PsA could
affect the glucose homeostasis. Systemic corti-
costeroids are known to impair insulin resis-
tance, whereas apremilast (phosphodiesterase
type 4 inhibitor) and TNF-o inhibitors could
exert neutral effect or reduce the insulin-resis-
tance. The role of IL-17 or IL-23 inhibitors has
been marginally investigated.

Conclusions: Patients affected by PsA have a
higher prevalence of type 2 DM compared with
the general population. The mechanism linking
PsA with DM has not been completely clarified,
but some of the principal mediators could be
TNF-o0 and adipokine, especially adiponectin
and omentin. Apremilast and TNF-a inhibitor
may have a favorable effect and could be safely
used in patients with DM.

Keywords: Adipokine; Anti-IL-17; Anti-TNF-o;
Apremilast; Diabetes  mellitus; Disease-
modifying anti-rheumatic drug;
Glucocorticoids; Omentin; Psoriatic arthritis
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Key Summary Points

Why carry out this study?

To provide a very brief background about
psoriatic arthritis, a diffuse chronic
immune-mediated inflammatory
spondyloarthropathy associated with
psoriasis, and diabetes mellitus, the most
common metabolic disorders in the
industrial world.

Find the epidemiological association and
pathogenic mechanisms linking psoriatic
arthritis and diabetes mellitus.

Consider the effect of therapies for
psoriatic arthritis on diabetes mellitus.

What was learned from the study?

Patients affected by psoriatic arthritis have
a higher prevalence of diabetes mellitus
compared with the general population.

The pathogenic link between psoriatic
arthritis and diabetes mellitus is not fully
understood, but some of the principal
mediators could be TNF-a and adipokine.

Biological therapies for psoriatic arthritis
have a neutral effect on glucose
homeostasis and could be safely used in
patients with diabetes mellitus. It is
possible that some new therapies,
including apremilast and anti-TNF-a,
could improve diabetes mellitus based on
their mechanism of action.

INTRODUCTION

Psoriatic arthritis (PsA) is a chronic immune-
mediated inflammatory spondyloarthropathy
associated with psoriasis. The prevalence of PsA
in the general population ranges from 0.06 to
1% [1], and its annual incidence ranges from 41
to 167 cases per 100,000 person-years [2, 3]. The
manifestations of psoriasis usually precede

arthritis by 10 years on average, although in
15% of cases arthritis and psoriasis occur
simultaneously or PsA anticipates skin disease.
PsA develops in 8-36.4% of patients with pso-
riasis, equally in men and women in Europe and
North America [4-8]. The clinical manifesta-
tions of PsA include peripheral arthritis, axial
involvement, enthesitis, or dactylitis [9].
Patients with PsA could also present nail disease
and more rarely uveitis [10]. PsA generally pre-
sents as tendon and/or joint inflammation and
swelling. Chronic inflammation can progress to
new bone formation and irreversible joint
damage with long-term disability. The most
widely used diagnostic and classification criteria
of PsA are the CASPAR criteria, which include
evidence of current psoriasis (personal or family
history of psoriasis), typical psoriatic nail dys-
trophy (including onycholysis, pitting, and
hyperkeratosis), a negative test result for
rheumatoid factor, dactylitis (either current or a
history), and radiographic evidence of juxta-ar-
ticular new bone formation of the hand or foot
on plain radiographs [11]. PsA is frequently
associated with metabolic disorders including
obesity, metabolic syndrome, and diabetes
mellitus (DM).

In this review, we discuss the prevalence of
type 2 diabetes in patients with PsA. DM is
among the most common metabolic disorders,
with majority of patients (90-95%) affected by
type 2 DM [12]. Few studies investigate the
association between type 1 DM and other
immune-mediated diseases including PsA, but
they do not find any association [13]. According
to the International Diabetes Federation, the
estimated number of patients with DM in Eur-
ope in 2013 is 56.3 million (6.2% of the total
population), and prevalence varies from 2.4 to
14.8% among countries [14]. The prevalence of
diabetes in USA is 9.4% [15], China 10.9% [16],
India 8.3% [17], and Canada 10% [18]. Com-
plications of DM account for increased mor-
bidity, disability, and mortality. Microvascular
complications include diabetic nephropathy,
neuropathy, and retinopathy, and each of these
are induced by chronic hyperglycemia via sev-
eral mechanisms such as the production of
advanced glycation end products (AGEs), the
creation of a proinflammatory
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microenvironment, and the induction of
oxidative stress [19, 20]. Macrovascular com-
plications include stroke, angina pectoris,
myocardial infarction, and peripheral arteri-
opathy due to atherosclerosis [21]. The objec-
tive of the manuscript is to review the studies
investigating the risk of DM in patients with
PsA, the pathogenic mechanism linking DM to
PsA, and the effects on insulin sensitivity exer-
ted by systemic therapies for PsA.

METHODS

We carried out a narrative review of the English-
language literature in the period ranging from
January 1989 to January 2020 related to the
epidemiologic association between PsA and
type 2 DM, the pathogenic mechanisms linking
PsA to DM, and the effects of systemic therapies
for PsA on glucose homeostasis. The following
databases were consulted: PubMed, Embase,
Google Scholar, and ResearchGate. The research
of articles was conducted by using the key term
‘psoriatic arthritis’ combined with each of the
following: ‘pathogenesis’, ‘comorbidities’, ‘car-
diovascular disease’, ‘metabolic syndrome’,
‘arthritis’, ‘cytokine’, ‘adipokine’, ‘systemic
treatment’, ‘methotrexate’, ‘leflunomide’, ‘sul-
fasalazine’, ‘apremilast’, ‘etanercept’, ‘adali-
mumab’, ‘infliximab’, ‘ustekinumab’,

‘secukinumab’, ‘ixekizumab’, ‘certolizumab’,
and ‘guselkumab’. For each article, the type of
study and endpoints were noted. Meta-analyses
of randomized controlled studies were prefer-
entially considered. If none existed, lower-evi-
dence studies, such as cohort studies, case
reports, and case—control studies were selected.
Some additional sources were found by looking
at the references of the articles identified during
the initial search. This article is based on pre-
viously conducted studies and does not contain
any studies with human participants or animals
performed by any of the authors.

THE EPIDEMIOLOGICAL
ASSOCIATION BETWEEN
PSORIATIC ARTHRITIS
AND DIABETES MELLITUS

The comparison with the general population
showed that patients with PsA are more likely to
have an increased prevalence of type 2 DM. A
series of studies investigated the epidemiologi-
cal association between PsA and DM. The
prevalence of DM in patients with PsA ranges
from 6.1 to 20.2%. In more detail, the preva-
lence of DM in PsA cohort in North America,
Hong Kong, Israel, Spain, and UK is 11.3-20.2%,
18.6%, 15.3%, 9.2-13.8%, 6.1%, respectively
[12, 22-30] (Table 1).

Table 1 Studies investigating the prevalence of diabetes mellitus in patients with PsA

First author, year County Sample size Prevalence of diabetes Prevalence of diabetes Type of

of publication mellitus in the general mellitus in patients study
population (%) with PsA (%)

Charlton, 2018 UK 6783 43 6.1 Prospective study

Castafieda, 2015 Spain 2234 5.0 9.2 Prospective study

Queiro, 2018 Spain 340 5.0 13.8 Cross-sectional

Shah, 2017 uUsS 186 552 94 20.2 Prospective study

Dreiher, 2013 Israel 1647 10.7 15.3 Cross-sectional

Tam, 2008 Hong Kong 185 2.4 18.6 Cross-sectional
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Table 2 Studies investigating the risk of diabetes mellitus in patients with PsA

First author, year of County  Sample Measure of Risk of diabetes mellitus in Type of
publication size association patients with PsA study
Eder, 2017 Canada 1305 Age-standardized 1.43 (95% CI 1.2-1.7) Cross
prevalence ratio sectional
Coto-Segura, 2013 UK, US, 16914 OR 2.18 (95% CI 1.36-3.50) Meta-
China analysis
Castafieda, 2015 Spain 2234 OR 5.08 (95% CI 2.22-11.64) Prospective
study
Queiro, 2018 Spain 340 OR 2.80 (95% CI 1.7-4.3) Cross-
sectional
Kibari, 2019 Israel 34,771 OR 1.48 (95% CI 1.36-1.61) Cross-
sectional
Dreiher, 2013 Israel 1647 OR 1.60 (95% CI 1.02-2.52) in females Cross-
sectional
1647 OR 0.71 (95% CI 0.42-1.22) in males  Cross-
sectional
Tam, 2008 Hong 185 OR 9.27 (95% CI 2.09-41.09) Cross-
Kong sectional
Kaine, 2019 Us 49,935 HR 1.41 (95% CI 1.27-1.56) Cross-
sectional
Charlton, 2018 UK 6783 RR 1.40 (95% CI 1.15-1.70) Prospective
study

The risk of DM in subjects with PsA is higher
compared with subjects without PsA and the OR
ranges between 1.48 in Israel and 9.27 in Hong
Kong, respectively [22-24, 27-31] (Table 2).

The more elevated prevalence of DM in PsA
population is in North America, which could be
partially explained by the high rates of obesity
and unhealthy lifestyles in the general popula-
tion [25]. The study by Dreiher et al. analyzed
the difference between males and females
patients affected by PsA about the risk of DM.
Females in PsA group had a prevalence of DM of
18.7% (10.3% of the control group) with OR
1.60 (95% CI 1.02-2.52) while in males there
was the same prevalence of DM (11.2%) in PsA
group and in control group with OR 0.71 (95%
CI 0.42-1.22). In this study, the association
between PsA and DM was noted only among
women. For this reason, the authors suggested

that women with PsA may be better candidates
for DM screening [29]. Some factors predictive
of developing of DM were also analyzed by Eder
et al. They found tender joint count with HR
1.53 (95% CI 1.08-2.18) and erythrocyte sedi-
mentation rate with HR 1.21 (95% CI 1.03-1.41)
predicted the development of DM. These data
indicate that patients with elevated disease
activity have a higher risk of developing DM
[27]. In a cross-sectional study, Queiro et al.
found that in patients with late psoriasis onset
(after the age of 40 years) and PsA DM was sig-
nificantly more frequent with OR 8.2 (95% CI
1.9-12.4). These data suggest that DM risk
should be carefully evaluated in patients with
PsA whose psoriasis begins after 40 years of age
[24]. These data globally show the higher
prevalence of DM in patients with PsA com-
pared to the general population. More in detail,

A\ Adis



Rheumatol Ther (2020) 7:271-285

275

the risk of DM appears to be higher for women
and for those patients with more active disease,
and thus the need to actively screen for DM
these special populations.

Also, the association between PsO and DM is
well known. Most of the patients with PsA also
have PsO and only in a few cases is PsA not
associated with skin manifestations. For this
reason, it is difficult to split these two condi-
tions, but in some studies patients with PsO and
PsA were analyzed separately. The prevalence of
DM in PsA ranges from 6.1 to 7.8% compared to
PsO 5.5-6.3% [22, 32] with an incidence rate of
DM in PsA of 7.3 per 1000 patient-years and PsO
of 6.4 [33]. Both PsA and PsO have been asso-
ciated with insulin resistance and DM, but these
studies suggest a bit stronger association
between PsA and DM rather than between PsO
and DM. Inflammation of both skin and joints
seems to have an influence on glucose meta-
bolism. Nevertheless, the involvement of joints
and enthesis, which is characteristic of PsA, is
related to the most significative effect on glu-
cose metabolism.

To the best of our knowledge, DM as a risk
factor for PsA has not been investigated, more-
over there are no studies on the impact of DM
on PsA disease activity and clinical outcome.
Some studies investigate DM as a risk factor for
musculoskeletal diseases including flexor
tenosynovitis, osteoarthritis, carpal tunnel syn-
drome, adhesive capsulitis, diffuse idiopathic
skeletal hyperostosis, neuropathic
osteoarthropathy, diabetic muscle infarction,
Dupuytren’s contracture, crystal induced
arthritis, and reflex sympathetic dystrophy
[34-36]. In recent multicentric cross-sectional
studies investigating the association between
comorbidities and quality of life in PsA patients,
they found that anxiety was independently
associated with impairment of quality of life,
but DM had no significant effect [37, 38]. Fowler
et al. reported that psoriatic patients with co-
morbidities such as DM incur into greater
indirect costs from work loss than patients
without any co-morbidity but specific data in
patients with PsA are not available [39].

PATHOGENIC MECHANISMS
LINKING PSORIATIC ARTHRITIS
AND DIABETES MELLITUS

The underlying pathways linking PsA to DM are
complex and not fully understood. However,
identification of the pathophysiologic mecha-
nisms linking these two diseases is important
for clinical practice because it may offer novel
pharmacologic approaches. In more detail, the
insulin receptor has an intrinsic tyrosine kinase
activity. Binding of insulin to its receptor
induces both autophosphorylation and phos-
phorylation of tyrosine residues on insulin
receptor substrate (IRS)-1 to IRS-4 proteins, thus
initiating the intracellular signaling cascade.
The two major pathways of insulin signaling are
the phosphatidylinositol 3-kinase (PI-3 kinase)
and the mitogen-activated protein (MAP)
kinase. The PI-3 kinase pathway is initiated by
tyrosine phosphorylation and results in the
activation of Akt and other downstream effector
molecules that mediate the metabolic response
to insulin; this includes, among others, the
translocation of the glucose transporter 4
(GLUT4) to the membrane. On the other hand,
the MAP kinase pathway begins with phospho-
rylation of Shc, Grb2/Sos, and Ras, and results
in the activation of extracellular signal-regu-
lated kinase (ERK-1 and 2), regulating the
mitogenic and pro-inflammatory responses of
insulin signaling [40]. The biochemical basis of
insulin resistance in type 2 DM has been the
subject of many studies. While the quantitative
regulation of the insulin-sensitive glucose
transporters (GLUT4) and insulin receptors
themselves may contribute to this disorder,
these two factors are probably inadequate to
explain completely insulin resistance.

In the pathogenesis of PsA, T cells have a key
role with an upregulated expression of Toll-like
receptor 2 (but not Toll-like receptor 4) and a
dominant T-helper-1 (Thl) and Th17 cell
responses. In this context, there is an increased
production of T-cell-derived cytokines (includ-
ing TNF-o, interferon-y, IL-2, IL-17, and granu-
locyte-macrophage colony-stimulating factor)
in the synovial fluid, inducing inflammation of
the joints [41-44]. A pathogenetic link between
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PsA and DM could be mediated by cytokines
including TNF-o, which inhibits the autophos-
phorylation of the insulin receptor, thus
inducing insulin resistance and suppressing the
expression of GLUT4. Numerous studies have
analyzed the interaction between TNF-a and the
insulin signaling pathways. TNF-a decreases
insulin-mediated tyrosine phosphorylation of
insulin receptor (IR) and inhibits the tyrosine
kinase activity of the insulin receptor through
IRS-1 serine phosphorylation (Ser residue 312 in
human or 307 in rat) [45], thereby converting
IRS-1 into an inhibitor of the insulin receptor
[46-49]. In addition, TNF-a promotes the
phosphorylation of Ser307 by Jun NH2-terminal
kinase (JNK), which inhibits insulin-stimulated
tyrosine phosphorylation of IRS-1 in Chinese
hamster ovary (CHO) cells [50]. Moreover, TNF-
o inhibits the activity of PI-3 kinase [51] with
the result of suppression of GLUT4 expression
by inhibiting the insulin receptor autophos-
phorylation [52]. TNF-o is also a significant
regulator of glucocorticoids metabolism in vivo,
increasing the activity of 11B-hydroxysteroid
dehydrogenasel (11B-HSD1) that converts
inactive cortisone to active cortisol. Cortisol
contributes to hyperglycemia, causing hepatic
gluconeogenesis, and inhibits the peripheral use
of glucose (insulin resistance) by decreasing the
translocation of glucose transporters (especially
GLUT4) to the cell membrane. Treatment with
anti-TNF-o therapy leads to a reduction in sys-
temic measures of 113-HSD1 activity with the
result of lower levels of active cortisol and
higher of inactive cortisone [53]. Finally, TNF-a
expression is higher in the muscle of subjects
with insulin resistance and non-insulin-depen-
dent DM, suggesting an important role for TNF-
o in the pathogenesis of human insulin resis-
tance (as occurs in obesity and diabetes) [46]
and in obese patients TNF-o is secreted in
excessive quantities by adipocytes, inhibiting
the IR tyrosine kinase in muscle and fat (the two
tissues mainly responsible for insulin-stimu-
lated glucose uptake) and promoting insulin
resistance [54, 55]. Also, IL-17 is implicated in
DM pathogenesis by activation of the NF-«xB
pathway, which up-regulates proinflammatory
cytokine gene expression (including IL-18, IL-6,
and TNF-a). These proinflammatory cytokines

are known to dampen insulin signaling, leading
to insulin resistance and DM development [56].
Another link between PsA and DM could be
found in adipokines, a group of cytokines
secreted by adipose tissue. Adiponectin is an
adipokine with anti-inflammatory, insulin-sen-
sitizing and anti-atherogenic properties, but
whose secretion is decreased by proinflamma-
tory cytokines (as TNF-a, IL-1B, and IL-6) [57].
Some studies have shown that in inflammatory
pathologies (as PsA) adiponectin levels are
decreased [58] and that anti-psoriatic treat-
ments with anti-TNF-a agents may increase
adiponectin levels [59]. Another adipokine is
omentin, which is mainly produced by omental
and epicardial fat. In psoriasis, serum omentin
levels are clearly decreased compared to con-
trols [60, 61] and it is downregulated in patients
with metabolic syndrome as well [62, 63]. In the
last decade, technological advances have
enabled substantial progress in the under-
standing of disease genetics. Unfortunately,
about the genetic link between PsA and DM,
studies did not describe an association. More in
detail, a study by Lu et al. analyzed the genetic
variants of human leukocyte antigen (HLA),
fucosyltransferase 2 (FUT2), ubiquitin conju-
gating enzyme E2 L3 (UBE2L3), and SH2B
adaptor protein 3 (SH2B3) genes, but any dif-
ference in the risk of DM between psoriasis cases
and controls was observed [64]. About the genes
involved in IL-12/23 pathway, a study by Eiris
et al. found several associations, but only
between DM and the IL12B rs6887695, 1L12B
1s3212227, and IL23R 1rs2201841, which are
non-psoriasis-risk variants [65].

EFFECTS OF THERAPIES
FOR PSORIATIC ARTHRITIS
ON DIABETES MELLITUS

The clinical significance of the association
between PsA and type 2 DM is relevant for
selecting the treatment for PsA, because some
treatments including glucocorticoids, NSAIDs,
and cyclosporine could worsen the glycemic
homeostasis and/or influence cardiovascular
risk factors such as arterial hypertension
[66, 67]. International guidelines for the
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Table 3 Effects on serum glucose and/or insulin sensi-
tivity exerted by systemic therapies for PsA

Drug class Effect on serum glucose
or insulin sensitivity

Corticosteroids Worsen
Methotrexate Neutral

NSAIDs Neutral/improved
Leflunomide Neutral

Sulfasalazine Neutral

Anti-TNF-o Neutral/improved
Anti-IL-12/23 Neutral

Anti-IL-17A Neutral

Apremilast Neutral/improved

treatment of PsA proposed by the European
League Against Rheumatism (EULAR) and the
Group for Research and Assessment of Psoriasis
and Psoriatic Arthritis (GRAPPA) recommend
therapies with different mechanisms of action
including intra-articular glucocorticoids,
methotrexate, anti-TNF-o, anti-IL-17 agents,
and apremilast. Although systemic corticos-
teroids are not included in any guidelines, their
prescription for PsA is still common in real life
[68]. The effects on serum glucose and/or insu-
lin sensitivity exerted by systemic therapies for
PsA are discussed (Table 3).

Glucocorticoids

Glucocorticoids act on multiple pathways,
including pancreatic B-cells function (sensitiv-
ity to glucose and ability to release insulin) and
insulin resistance in other tissues [69]. The
effect of glucocorticoids on glucose metabolism
is well known and steroid-induced or steroid-
exacerbated DM as well [70]. The risk of gluco-
corticoid-induced DM is more elevated in
patients with older age, higher HbAlc level, and
lower eGFR [71]. Patients using long-term low-
dose prednisolone have hepatic insulin resis-
tance and reduced peripheral nonoxidative
glucose disposal, but no change in insulin
secretion. These findings demonstrate that low-
dose prednisolone also exerts a deleterious

effect on carbohydrate metabolism [72]. These
studies implicate the importance of using sys-
temic glucocorticoids at low doses and for short
time periods.

Non-steroidal Anti-inflammatory Drugs
(NSAIDs) and Disease-Modifying Anti-
rheumatic Drugs (DMARDs)

Patients with mild disease or isolated axial PsA
are usually treated with non-steroidal anti-in-
flammatory drugs (NSAIDs) as the first treat-
ment option. Moreover, they could be
associated with other therapies for PsA. NSAIDs
have been further studied to be potentially
beneficial in the prevention and treatment of
diabetic subjects due to their action on glucose
metabolism; more in detail, NSAIDs exert an
anti-inflammatory effect on the pancreatic
islets, reduce the metabolic clearance of insulin,
and reduce the hepatic insulin resistance, lead-
ing to an enhanced peripheral glucose uptake
and a reduced endogenous glucose production.
NSAIDs are associated with some serious adverse
effects, including hypertension and cardiovas-
cular diseases [73, 74]. Unfortunately, diabetic
patients also have an increased risk of coronary
artery disease and NSAIDs also seem to be
associated with an increase in such risk. Fur-
thermore, these patients frequently exhibit an
impaired renal function and NSAIDs tend to
worsen this condition, increasing the risk of
renal disease. These adverse effects tend to limit
the expectations on the application of NSAIDs
in the treatment of DM [75].

Methotrexate is a synthetic folate analog that
inhibits DNA synthesis at chemotherapeutic
doses, but that at lower doses exerts anti-inflam-
matory effects by several mechanisms [76].
Methotrexate in PsA patients does not appear to
have hyperglycemic effects and can be safely used
in patients with DM. In a study by Dehpouri
et al., the use of methotrexate was not associated
to a significant alteration in HbAlc or fasting
blood glucose (FBG) levels in patients with PsA
[77]. A small retrospective cohort study of
patients affected by DM and rheumatologic dis-
eases treated with methotrexate found no signif-
icant change in HbA1c before and after treatment
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[78]. In another study on psoriatic patients,
Gisondi et al. demonstrated that in patients
treated with methotrexate there was no change in
the FBG after 6 months of therapy [79]. In a ret-
rospective cohort study among 121,280 patients
with a diagnosis of either RA or psoriasis, the
cohort treated with methotrexate exhibited a
lower risk of new-onset DM compared with those
receiving other non-biologic disease-modifying
antirheumatic drugs with an adjusted HR for DM
of 0.77 (95% CI 0.53-1.13) [80]. In a retrospective
cohort study on 84,989 patients, Chen et al.
found an adjusted HR 0.35 (95% CI 0.28-0.43) for
DM in patients with psoriasis or PsA treated with
methotrexate, which indicate a protective effect
of this therapy against DM [81]. These studies
suggest that methotrexate does not impair glu-
cose homeostasis in patients with DM. However,
methotrexate is associated with a significant
increased risk of liver fibrosis in patients with DM
compared to the group without DM [82].

Leflunomide is an inhibitor of pyrimidine
synthesis that is used for PsA and several
rheumatologic diseases. In murine models,
leflunomide was capable of controlling hyper-
glycemia and improving insulin sensitivity [83]
and had a protective effect on renal lesions of
diabetic nephropathy [84]. There is no evidence
that leflunomide could impair glucose
homeostasis.

Finally, sulfasalazine is a compound with
sulfonamide and salicylate moieties that exerts
anti-inflammatory effects by multiple mecha-
nisms. One study identified patients with DM
who had taken sulfasalazine and found that
their HbA1c values were lower when taking the
drug, concluding that sulfasalazine has glucose-
lowering effects. However, hemolysis was not
evaluated in these patients, making it impossi-
ble to determine whether the reduced HbAlc
reflected hemolysis or a true change in blood
glucose [85]. There are no other specific warn-
ings for diabetic patients treated with sul-
fasalazine, except hemolysis.

Anti-TNF-a Agents

In the last two decades, new biotechnological
molecules have been used to treat

rheumatologic disorders, especially anti-TNF-o
agents. The long-term effects of anti-TNF-a
treatment on insulin sensitivity are controver-
sial. Studies on patients with PsA or PsO, after
the treatment with anti-TNF-a (adalimumab,
infliximab and etanercept) up to 6 months,
found that the mean of glucose levels remained
unchanged [86, 87]. Another study by Stanley
et al. showed that FBG decreased significantly in
the group treated with etanercept for 6 months
compared to the placebo group (change FBG —
10.8 £ 4.4%, p=0.02) [88]. These findings
indicate that anti-TNF-a therapy for a period of
up to 6 months does not have a negative effect
on glucose homeostasis in patients with PsA. In
the retrospective cohort study among patients
with psoriasis previously cited, patients treated
with TNF-o antagonists presented a lower risk of
new-onset DM compared to those receiving
other non-biologic disease-modifying antirheu-
matic drugs with an adjusted HR for DM of 0.62
(95% CI 0.42-0.91) [80]. There are also some
case reports and a few case series that high-
lighted recurrent hypoglycemia and improve-
ment in insulin resistance in patients treated
with anti-TNF-o therapies (including etaner-
cept, adalimumab and infliximab) in the setting
of underlying DM or metabolic syndrome
[89-92]. Preliminary evidence suggests that
anti-TNF-a therapies could be safely used in
patients with DM and in some cases could
improve DM as well.

About the safety of anti-TNF-o therapies,
adalimumab could be safely used in diabetic
patients because they have the same incidence
of adverse events than the control group [87].

Anti-IL-17 and Anti-IL-12/23 Agents

In the last few years, anti-IL-17A monoclonal
antibodies have been approved for PsA. Inter-
estingly enough, some studies have shown
increased circulating Th17 cells and elevated
secretion of IL-17 by T cells in DM patients
[93-95]. Additionally, treatment with anti-IL-17
has an insulin-sensitizing effect due to elevation
of serum adiponectin concentration and
reduction of serum levels of TNF-a [94]. These
results suggest that IL-17 could play a role in the
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pathogenesis of insulin resistance in DM. To the
best of our knowledge, only a clinical study on
the effects of anti-IL-17 on DM and insulin
sensitivity has been conducted. A study by
Egeberg et al. on patients treated with ixek-
izumab and another one by Gerdes et al. on
patients treated with secukinumab (both anti-
IL-17A agent) found no significant differences
in FBG with the placebo [96, 97].

Ustekinumab binds the common p40 sub-
unit of IL-12 and IL-23. A study on DM patients
found an increase in the pancreatic islets of
inflammatory cytokines, including IL-23. This
context of inflammation induces oxidative
stress in the p-cells with impaired insulin
biosynthesis and secretion [98]. The only study
on PsA patients treated with ustekinumab,
which evaluated glucose homeostasis, found
more elevated FBG values after 24 weeks of
treatment [99]. No studies on the effect of IL-23
inhibitors (guselkumab, tildrakizumab and
risankizumab) are currently available.

Apremilast

Apremilast is an oral small molecule used for
PsA and psoriasis that inhibits phosphodi-
esterase-4 (PDE4), an enzyme that regulates
intracellular levels of cyclic AMP and thus the
synthesis of effector and regulatory cytokines.
PDE4C and PDE4D are expressed in pancreatic
B-cells and are thought to control the secretion
of insulin [100, 101]. Studies conducted on
patients with psoriasis and psoriatic arthritis
treated with apremilast found a neutral impact
on glucose intolerance [102-105]. A study by
Puig et al. compared the effect of apremilast and
placebo on HbAlc in 1808 patients with or
without concomitant antidiabetic therapies.
The authors found a reduction of HbA1c already
after 16 weeks of treatment with apremilast;
more in detail, the highest improvements have
been observed in patients with HbAlc > 6.5%,
with or without concomitant antidiabetic
drugs, but more data are needed [106]. A study
on roflumilast, a PDE4 inhibitor used only for
chronic obstructive pulmonary disease, in a
randomized, double-blind, placebo-controlled
multicenter study found lowered glucose levels

after 12 weeks of treatment in DM patients
[107].

CONCLUSIONS

The association between PsA and type 2 DM is
clinically relevant because DM is a risk factor for
microvascular and macrovascular complica-
tions. Patients affected by PsA have a higher
prevalence of DM compared to the general
population. The more elevated risk of DM is
especially in women and for more active PsA.
The link between PsA and DM is not fully
understood, but some of the principal media-
tors could be TNF-a and adipokine, especially
adiponectin and omentin. Biological therapies
for PsA have a neutral effect on glucose home-
ostasis and could be safely used in patients with
DM. It is possible that some new therapies,
including apremilast and anti-TNF-o, could
improve DM based on their mechanism of
action, but currently few clinical data are
available. Considering glucose homeostasis,
methotrexate could be safely used for PsA but it
should be prescribed with caution for diabetic
patients because it is associated with an
increased risk of liver toxicity.
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