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 Introduction 

 Psoriasis is a common chronic inflammatory skin dis-
ease involving keratinocyte hyperproliferation and in-
flammation. Affecting approximately 2–3% of the West-
ern population  [1] , psoriasis is a life-long disease associ-
ated with significant morbidity  [2] . Patients with psoriasis 
have an increased risk of new-onset diabetes  [3] . Con-
versely, there is an elevated risk of new-onset psoriasis in 
patients with diabetes  [4] . The strong association between 
psoriasis and diabetes suggests a common inflammatory 
pathophysiology  [5] .

  Although psoriasis has no cure, various topical and 
systemic treatments for psoriasis currently exist. How-
ever, many of these treatments are costly and have tox-
icities including immunosuppression. As such, there is a 
need for the development of therapies that are effective 
and carry fewer side effects with lower cost.

  There is increasing evidence of the beneficial effects of 
antidiabetic hypoglycemic agents in psoriasis including 
glucagon-like peptide-1 (GLP-1) receptor agonists, di-
peptidyl peptidase-4 (DPP-4) inhibitors, thiazolidinedio-
nes, and biguanides. In this review, we summarize the 
clinical data demonstrating antipsoriatic effects of these 
hypoglycemic agents and discuss the potential underly-
ing mechanisms. Therapeutics that effectively treat both 
psoriasis and diabetes simultaneously and are nonimmu-
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 Abstract 

 Psoriasis is a common chronic inflammatory skin disease 
that manifests as scaly erythematous plaques as a conse-
quence of keratinocyte hyperproliferation and inflamma-
tion. It is commonly associated with diabetes, obesity, and 
the metabolic syndrome. While there are numerous ap-
proved treatment options available, they have limitations in-
cluding availability, toxicities such as immunosuppression, 
and high cost. There is increasing evidence to suggest that 
several hypoglycemic agents used in the treatment of type 
2 diabetes, including glucagon-like peptide-1 receptor ago-
nists, dipeptidyl peptidase-4 inhibitors, thiazolidinediones 
and biguanides, exert beneficial effects in psoriasis. In this 
review, we summarize the growing evidence supporting the 
therapeutic role of hypoglycemic agents in psoriasis and dis-
cuss the potential underlying mechanisms. We suggest that 
dermatologists consider the use of hypoglycemic agents in 
psoriasis especially in cases with coexisting diabetes and in 
cases in which immunosuppression is contraindicated. Ear-
lier referral to endocrinology in patients with concomitant 
diabetes may be appropriate.  © 2017 S. Karger AG, Basel 
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nosuppressive would be attractive additions to the treat-
ment ladder of the dermatologist and endocrinologist 
alike.

  GLP-1 Receptor Agonists 

 GLP-1 is an incretin hormone secreted postprandially 
by intestinal endocrine L cells that primarily stimulates 
the secretion of insulin from pancreatic β-cells. Several 
agonists of the GLP-1 receptor have been developed for 
the treatment of diabetes including exenatide and liraglu-
tide.

  Clinical Reports 
 Exenatide treatment for 2 weeks in one report led to a 

reduction in the Psoriasis Area and Severity Index (PASI) 
by 5.5, an effect that was completely reversed upon dis-
continuation of therapy. In this same report, liraglutide 
was administered and similarly produced a reduction in 
PASI within 3 weeks  [6] .

  Several subsequent reports similarly demonstrated 
improvements in psoriasis with exenatide or liraglutide 
treatment  [6–11] . In one study, acitretin for 4 months was 
ineffective, but improved PASI and Dermatology Life 
Quality Index were seen after liraglutide had been initi-
ated  [8] . Prospective case series studies demonstrated sig-
nificant improvements in PASI and epidermal thickness 
within 7 weeks of GLP-1 receptor agonist treatment in 
comparison to baseline  [9, 11] .

  Contradicting these positive results, a randomized 
controlled trial conducted in patients with psoriasis and 
obesity showed no statistically significant difference in ei-
ther PASI or Dermatology Life Quality Index with lira-
glutide treatment in comparison to placebo  [12] . The li-
raglutide-treated group, however, showed significant im-
provement in PASI in comparison to baseline with a 
mean reduction of 2.6 after 8 weeks  [12] . Despite this 
study result, the overall evidence suggests a beneficial ef-
fect of GLP-1 receptor agonists in psoriasis.

  Mechanisms 
 GLP-1 receptor agonists cause weight loss, and weight 

loss leads to improvement of psoriasis  [13, 14] . It follows 
that GLP-1 receptor agonists may improve psoriasis indi-
rectly via weight loss. Indeed, all of the patients studied in 
the above clinical reports demonstrated weight loss  [6–
11] . However, clinical improvement of psoriasis was 
achieved prior to any changes in weight  [6, 9–11] . In a 
case series of 7 psoriasis patients treated with liraglutide, 

no correlation was observed between weight loss and 
PASI  [9] . Therefore, although it is plausible that GLP-1 
receptor agonists may improve psoriasis via weight loss, 
GLP-1 receptor agonists likely exert beneficial effects ir-
respective of weight loss. Further support of this notion 
stems from patients receiving gastric bypass surgery, a 
procedure which causes a large increase in circulating 
GLP-1 levels, who demonstrated improvement in psoria-
sis prior to any weight loss, as reviewed elsewhere  [15] .

  On the other hand, GLP-1 receptor agonists are also 
known to reduce appetite and food intake. Fasting alone 
without weight loss resulted in improvement of psoriasis 
 [16] . A low-calorie diet for 4 weeks improved psoriasis 
independently of any changes in weight  [17] . These data 
suggest that the reduction of energy consumption is a po-
tential mechanism by which GLP-1 receptor agonists 
may improve psoriasis.

  As another plausible mechanism, GLP-1 receptor ago-
nists may indirectly alleviate psoriasis via improvement 
in glycemic control. However, a case series study showed 
no correlation between PASI changes and HbA 1c  levels 
 [9] . Many reports have shown PASI improvement in pa-
tients already possessing good glycemic control  [10] . Im-
provement in HbA 1c , a long-term indicator of glycemic 
control, was seen after 18 weeks of treatment with liraglu-
tide in some of the patients who demonstrated an im-
proved PASI after 7 weeks  [9] . Unfortunately, fasting 
plasma glucose levels were not measured. Whether GLP-
1 receptor agonist therapy can alleviate psoriasis through 
glycemic control is therefore questionable.

  GLP-1 receptor agonists may also exert direct actions 
in psoriatic skin lesions. The GLP-1 receptor was detected 
in mouse epidermis adjacent to hair follicles and in skin-
derived cultured cells  [18] . However, although GLP-1 re-
ceptor expression was detected in human psoriatic 
plaques, only 1 of 6 biopsies from unaffected skin showed 
detectable GLP-1 receptor expression  [19] . GLP-1 recep-
tor expression also could not be detected in cultured hu-
man keratinocytes  [19] . It is thus more likely that any 
detectable GLP-1 receptor is due to the infiltration of oth-
er cells from the blood. This is further supported by pos-
itive GLP-1 receptor expression in the blood of both 
healthy volunteers and psoriasis patients  [19] .

  While the GLP-1 receptor may not be expressed on 
keratinocytes, it was found to be expressed on invariant 
natural killer T cells  [6] . These cells were shown to divert 
from the general circulation to infiltrate psoriatic lesions 
 [20–22] . Liraglutide therapy reduced both the invariant 
natural killer T cell number and the secretion of inflam-
matory cytokines in psoriatic lesions while correspond-
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ingly repopulating the number of invariant natural killer 
T cells in the general circulation  [6, 9, 11] . Tumor necro-
sis factor-α (TNF-α)-producing monocytes were also re-
duced by 53% in the circulation whereas T cells, B cells, 
and natural killer cells remained unchanged  [11] . In ad-
dition, γδ T-cell numbers and levels of interleukin-17 
mRNA produced from dermal CD3+ cells were higher in 
psoriatic lesions and subsequently reduced upon treat-
ment with GLP-1 receptor agonists  [9] . Evidence in other 
systems supports the role of GLP-1 receptor agonists in 
reducing inflammation  [23–25] . Taken together, the 
mechanism by which GLP-1 receptor agonists improve 
psoriasis involves the diversion of immune cells from 
psoriatic lesions to reduce inflammation.

  DPP-4 Inhibitors 

 Whereas GLP-1 receptor agonists mimic the action of 
GLP-1, DPP-4 inhibitors exert their effect by preventing 
the degradation of endogenous GLP-1 by DPP-4. Several 
DPP-4 inhibitors have been marketed for diabetes treat-
ment including sitagliptin, teneligliptin, and linagliptin.

  Clinical Reports 
 The first report of antipsoriatic effects of DPP-4 in-

hibitors was published in 2012 and showed remission of 
psoriatic lesions following sitagliptin therapy for 3 months 
 [26] . Since then, several other reports have similarly de-
scribed improvement in psoriasis after treatment with si-
tagliptin or teneligliptin  [27, 28] . A large-scale popula-
tion-based retrospective study found that DPP-4 inhibi-
tor therapy led to a reduced incidence of autoimmune 
disorders including psoriasis  [29] .

  On the other hand, there was a single case of a patient 
starting on sitagliptin who suffered a psoriasiform erup-
tion. However, the eruption later resolved despite contin-
ued treatment with sitagliptin  [30] .

  Mechanisms 
 It is questionable whether the mechanism by which 

DPP-4 inhibitors benefit psoriasis involves glycemic con-
trol. In 1 patient, improvement in psoriasis and HbA 1c  
occurred simultaneously  [28] . However, some patients 
demonstrated improvement in psoriasis without any 
change in HbA 1c  levels  [26, 28] .

  As DPP-4 inhibitors increase circulating GLP-1 levels, 
the same mechanisms as discussed for GLP-1 receptor 
agonists may similarly apply. However, DPP-4 is a ubiq-
uitously expressed transmembrane glycoprotein, also 

known as CD26, which has a multitude of functions be-
sides GLP-1 degradation.

  DPP-4 is expressed on keratinocytes  [31, 32] . DPP-4 
expression and activity are upregulated in psoriatic le-
sions compared to uninvolved skin and healthy volunteer 
skin  [32, 33] . It was additionally shown that DPP-4 ex-
pression is elevated prior to the development of an overt 
psoriatic lesion and concentrated primarily towards the 
basal layers of a psoriatic lesion, suggesting its involve-
ment in the pathogenesis of a psoriatic lesion  [33] . DPP-4 
inhibitor treatment decreased keratinocyte proliferation 
in vitro and partially restored keratinocyte differentiation 
in vivo  [34] . Thus, DPP-4 inhibitors may alleviate psoria-
sis by inhibiting keratinocyte proliferation.

  In addition, some studies suggest that DPP-4 inhibi-
tors are anti-inflammatory as sitagliptin rapidly reduced 
several inflammatory factors in humans  [35–37] . Sita-
gliptin prevented the DPP-4-mediated increase in TNF-α 
expression in monocytes as well as Rac1 activation and 
T-cell migration  [38, 39] . DPP-4 is also a marker of T-cell 
and monocyte activation and has been shown to be an 
indicator of autoimmune diseases  [40] . There have been 
conflicting reports, however, showing that sitagliptin has 
no effect on C-reactive protein levels  [41, 42] .

  In psoriasis, it has been demonstrated that the epidermis 
and dermis of lesions are infiltrated by DPP-4-positive T 
cells, and there is increased DPP-4 expression in psoriatic 
skin fibroblasts  [32, 43] . There is, however, one report of 
decreased T cell DPP-4 expression in psoriasis  [44] . DPP-4 
levels and activity have also been shown to be elevated in 
the T cells of type 2 diabetes patients  [45] . Th17 cells also 
express DPP-4  [46] . Although there is some evidence sug-
gesting that DPP-4 inhibitors possess anti-inflammatory 
properties that may benefit psoriasis, further studies are 
necessary to clarify the mechanistic role of DPP-4.

  Thiazolidinediones 

 As a specific ligand for nuclear peroxisome prolifera-
tor-activated receptor-γ (PPAR-γ), thiazolidinediones 
increase insulin sensitivity and thus lower blood glucose. 
Although troglitazone, rosiglitazone, and pioglitazone 
have been available to patients, troglitazone has been re-
moved from the market due to hepatotoxicity.

  Clinical Reports 
 In 1998, an open-label study using troglitazone in 3 

patients with type 2 diabetes and concomitant psoriasis 
demonstrated significant psoriasis improvement togeth-
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er with improved glycemic control  [47] . One patient re-
mained in remission 8 weeks following therapy discon-
tinuation  [48] . Many subsequent clinical studies showed 
that pioglitazone or rosiglitazone therapy also have anti-
psoriatic effects  [49–54] . A double-blinded randomized 
controlled trial of pioglitazone discovered a significant 
dose-dependent reduction in PASI within 2 weeks of 
treatment without adverse effects  [55] . Another recent 
open-label randomized controlled trial demonstrated 
that treatment with pioglitazone significantly improved 
psoriasis in patients with a concomitant metabolic disor-
der  [56] . Furthermore, patients with psoriatic arthritis 
showed improvement in psoriatic plaques and joint pain 
with pioglitazone therapy  [57] .

  Interestingly, one double-blinded randomized con-
trolled study showed that pioglitazone conferred addi-
tional benefits when administered together with acitretin 
 [51] , while another randomized controlled trial demon-
strated benefits of pioglitazone as an adjunct to metho-
trexate  [52] . Importantly, a lower dosage of methotrexate 
(15 mg/week) in combination with pioglitazone pro-
duced a PASI-75 similar to studies using high methotrex-
ate dosage alone (22.5 mg/week)  [58] . These results high-
light the possibility that thiazolidinediones, when used in 
combination with standard therapies, can help achieve an 
additional clinical benefit with reduced toxic dosages.

  A large retrospective population-based case-control 
study identified a statistically significant reduction in pso-
riasis incidence with thiazolidinedione usage versus no 
usage, suggesting that thiazolidinediones can lower the 
risk of acquiring psoriasis  [59] . Moreover, a recent popu-
lation-based Taiwanese cohort study demonstrated that 
frequent usage of thiazolidinediones in patients with dia-
betes conferred a modest reduction in psoriasis risk  [4] .

  Despite all of these reports of beneficial effects of
thiazolidinediones in psoriasis, 2 large-scale randomized 
double-blinded multicenter controlled trials failed to 
show a statistically significant effect of rosiglitazone on 
psoriasis severity, although trends were observed  [60] . 
The authors highlighted the existence of a very large pla-
cebo effect, the partial concurrent usage of topical corti-
costeroids, and a possibility of inadequate dosage of rosi-
glitazone as reasons for a lack of observed significance. 
Nevertheless, a 2012 meta-analysis of the small number 
of clinical trials available concluded that oral pioglitazone 
has a modest beneficial effect in plaque psoriasis  [61] .

  Of note, a single pilot study attempted using topical 
0.5% rosiglitazone but failed to show any effect on psori-
atic plaques after 30 days, suggesting that topical thiazoli-
dinediones are ineffective  [62] .

  Mechanisms 
 The most obvious mechanism underlying the antipso-

riatic effects of thiazolidinediones relies on their role as 
specific ligands for PPAR-γ. PPAR-γ is a member of the 
nuclear hormone receptor family of which many other 
members including glucocorticoid, retinoid, and vitamin 
D have proved to be effective targets in the treatment of 
psoriasis. PPAR-γ is expressed in human keratinocytes 
 [48] . Treatment of cultured psoriatic human keratino-
cytes with PPAR-γ ligands inhibited proliferation, and 
troglitazone was shown to inhibit keratinocyte prolifera-
tion in vitro and reduce epidermal hyperplasia in a mouse 
model of psoriasis  [48, 63, 64] . Interestingly, topical ap-
plication of thiazolidinediones in mice reduced epider-
mal keratinocyte proliferation and thickness  [65, 66] . 
This suggests that thiazolidinediones possess antiprolif-
erative properties in keratinocytes.

  Thiazolidinediones may also benefit psoriasis by re-
ducing inflammation via PPAR-γ. The role of PPAR-γ in 
the inhibition of inflammation via action in various im-
mune cells is well documented  [67] . In the oxazolone-
sensitized mouse model of allergic contact dermatitis, 
oral or topical treatment with a water-soluble lipoic acid-
based thiazolidinedione named BP-1017 produced anti-
inflammatory effects  [64] . Thiazolidinediones and other 
PPAR-γ agonists inhibited the secretion of a variety of 
inflammatory cytokines from T lymphocytes and macro-
phages, such as TNF-α, which is an important pathogen-
ic mechanism in psoriatic lesions  [68–70] .

  Whether glycemic control is another mechanism by 
which thiazolidinediones improve psoriasis is refuted by 
the reports in nondiabetic euglycemic insulin-sensitive 
individuals of improved psoriasis with thiazolidinedione 
treatment  [48] . However, given the increasing evidence 
of an association between psoriasis and insulin resistance 
 [71] , it remains to be determined whether insulin sensiti-
zation by thiazolidinediones contributes to the relief of 
psoriasis. One clinical trial in patients with both meta-
bolic disorder and psoriasis demonstrated simultaneous 
improvements in psoriasis and glucose levels, among oth-
er metabolic parameters  [56] .

  Biguanides 

 Biguanides include the first-line type 2 diabetes oral 
hypoglycemic agent metformin, which primarily lowers 
blood glucose by inhibiting hepatic glucose production 
and increasing insulin sensitivity via an AMP-activated 
protein kinase-dependent mechanism.
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  Clinical Reports 
 A retrospective case-control study examined the inci-

dence of psoriasis in diabetes patients and found a statis-
tically significant reduction with metformin treatment 
versus no metformin treatment  [59] . This suggests that 
metformin therapy can lower the risk of psoriasis devel-
opment at least in patients with diabetes. A population-
based study also demonstrated that frequent usage of 
metformin reduced the incidence of new-onset psoriasis 
in patients with diabetes  [4] . A single open-label random-
ized controlled trial demonstrated statistically significant 
improvement of psoriasis with metformin treatment in 
comparison to placebo in patients with a concomitant 
metabolic disorder  [56] .

  On the other hand, there is a single report of a psoria-
siform drug eruption with metformin treatment that was 
relieved upon discontinuation of therapy  [72] .

  Mechanisms 
 AMP-activated protein kinase has been shown to exert 

anti-inflammatory effects in macrophages and T cells  [73, 
74] . There have been reports of metformin treatment lead-
ing to a reduction in inflammatory markers and cytokines 
including TNF-α, interferon-γ, and C-reactive protein  [74, 
75] . In keratinocytes, metformin has been shown to inhib-
it proliferation via the mitogen-activated protein kinase 
pathway  [76] . Moreover, metformin inhibited prolifera-
tion and proinflammatory cytokines via the mammalian 
target of rapamycin signaling pathway in cultured human 
keratinocytes  [77] . Clearly, additional clinical studies are 
required to ascertain the relevance of metformin therapy 
in psoriasis patients with or without metabolic disorder.

  Conclusion 

 There is ample clinical evidence to suggest that several 
classes of hypoglycemic agents benefit psoriasis. We sug-
gest that the various hypoglycemic agents exert antipso-
riatic effects independently of weight loss and glycemic 
control by targeting keratinocyte proliferation and skin 
inflammation pathways.

  The major advantages of hypoglycemic agents over 
traditional antipsoriatic medications include favorable 
side effect profiles. Whereas the majority of successful an-
tipsoriatic medications are immunosuppressive, none of 
the hypoglycemic agents show evidence of suppression of 
the immune system  [78–81] . These medications are fre-
quently used in the diabetic population without compli-
cation, and the side effects are well tolerated.

  In terms of side effects, GLP-1 receptor agonists are 
frequently associated with weight loss and gastrointesti-
nal upset. They are contraindicated in patients with renal 
insufficiency. Commonly reported side effects of DPP-4 
inhibitors include headache, gastrointestinal upset, naso-
pharyngitis, and upper respiratory tract infection. How-
ever, the long-term safety of both GLP-1 receptor ago-
nists and DPP-4 inhibitors has not been established, and 
they have both been shown to be associated in rare in-
stances with acute pancreatitis  [82] . The side effects of 
thiazolidinediones include fluid retention and weight 
gain. There is concern that thiazolidinediones may in-
crease the risk of congestive heart failure, cardiovascular 
events, fractures, and bladder cancer; however, these risks 
are small. Metformin is associated with gastrointestinal 
upset and rarely with lactic acidosis. It is contraindicated 
in renal insufficiency.

  Clinicians should appreciate the limitations of the cur-
rent data on hypoglycemic agents. There are few studies 
demonstrating the beneficial effects of hypoglycemic 
agents in psoriasis conducted in nondiabetic individuals 
 [48] . In addition, the current data are largely derived from 
case reports, case series, and small clinical trials that are 
poorly controlled or nonblinded. Follow-up lengths are 
far too short to evaluate the long-term effects of treat-
ment. Further research is required in the form of large 
blinded randomized clinical trials with long-term follow-
up to further characterize the clinical significance in com-
parison to placebo and standard systemic treatments in 
psoriasis patients, with and without diabetes.

  We propose that dermatologists consider the prospec-
tive clinical utility of hypoglycemic agents in psoriasis pa-
tients especially with concomitant diabetes. An earlier con-
sultation from endocrinology may be beneficial. Hypogly-
cemic agents are commonly used, safe, well tolerated, and 
are unlikely to be immunosuppressive  [78–81] . For pa-
tients in which immunosuppression is contraindicated, 
off-label usage of hypoglycemic agents may be warranted 
to control severe psoriasis and improve quality of life while 
avoiding the toxic effects of other systemic therapies.

  Key Message 

 Hypoglycemic agents may help treat psoriasis especially with co-
existing diabetes or when immunosuppression is contraindicated.
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