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Summary

Background—~Psoriasis is an inflammatory skin disease that may be associated with an adverse
cardiometabolic profile including modulated plasma adiponectin and leptin levels. Whether these
levels are independent of cardiometabolic risk factors, which are also prevalent in psoriasis, is not
known.

Methods—A consecutive sample of 122 participants with varying degrees of psoriasis severity,
and a random sample of 134 participants without psoriasis were recruited for this case—control
study. Cardiometabolic risk factors including traditional cardiovascular risk factors, waist
circumference, insulin resistance, and total plasma adiponectin and leptin were measured. Total
plasma adiponectin and leptin levels were compared in unadjusted and adjusted analyses by
psoriasis status.

Results—Participants with psoriasis had mostly mild disease and were mainly on topical
therapies, but still had a more adverse cardiometabolic profile compared with those without
psoriasis. Furthermore, plasma adiponectin levels were significantly lower in participants with
psoriasis than those without {7.13 pg/mL [interquartile range (IQR) 4.9-11.3) vs. 14.5 pg/mL
(IQR 8.4-24.1); P < 0.001]}. Plasma leptin (ng/mL) levels were higher in the psoriasis group but
this did not reach statistical significance [11.3 (IQR 6.4-21.8) vs. 9.8 (IQR 4.9-20.5); P = 0.07].
In multivariable modelling, plasma adiponectin levels were still negatively associated with
psoriasis status after adjusting for waist size (% difference = —41.2%, P < 0.001), insulin
resistance (% difference = =39.5%, P < 0.001) and both waist size and insulin resistance (%
difference = —38.5%, P < 0.001)

Conclusion—Plasma levels of adiponectin were lower in psoriasis, and this relationship
persisted after adjusting for cardiometabolic risk factors known to decrease adiponectin levels.
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These findings suggest that inflammation present in psoriasis may be associated with adipose
tissue dysfunction; however, direct studies of adipose tissue are needed to confirm this.

Introduction

Methods

Psoriasis is a chronic inflammatory skin disease characterized by T helper (Th) cell
dysfunction and overexpression of pro-inflammatory cytokines. The disease is associated
with cardiometabolic risk factors, such as dyslipidaemia, central obesity and insulin
resistance,! and psoriasis also increases the risk of cardiovascular disease (CVD) 2. Pro-
inflammatory cytokines found to be increased in the blood and skin of patients with
psoriasis including tumour necrosis factor (TNF)-a, interleukin (IL)-6 and 1L-173 have been
implicated in adipose tissue dysfunction and insulin resistance in central obesity.* Recent
small pilot studies have shown that levels of the adipokines leptin and adiponectin are
abnormal in psoriasis,®8 suggesting the presence of adipose tissue dysfunction. However,
whether these perturbations are consequences of psoriatic inflammation or prevalent
cardiometabolic risk factors in psoriasis is not known.

The adipokines leptin and adiponectin are key inflammatory mediators secreted by adipose
tissue, which have multiple downstream effects, including regulation of insulin sensitivity,
inflammation and immunity. Adiponectin has been shown to exert anti-inflammatory,
insulin-sensitizing and atheroprotective effects, while leptin has been shown to induce
smooth muscle and macrophage proliferation, and to upregulate inflammatory cytokines
such as TNF-a.” Decreased adiponectin and increased leptin have also been shown to be
associated with an adverse cardiometabolic profile, including central obesity, insulin
resistance, dyslipidaemia and coronary artery disease.8 The systemic inflammation,
increased adipose mass and changes in adipose cell biology seen in central obesity are
thought to result in secretion of abnormally high levels of leptin and abnormally low levels
of adiponectin by adipocytes.’ Central obesity burdens the adipose tissue with inflammatory
infiltration, hypoxia and oxidative stress, which are thought to result in endoplasmic
reticulum stress, insulin resistance and abnormal cytokine secretion by the adipocyte.10
Indeed, pro-inflammatory cytokines suppress adiponectin synthesis,! and systemic
inflammation disturbs leptin and adiponectin signalling.12 The abnormal adipokine levels
reported in psoriasis suggest that the systemic inflammation associated with the disease may
be associated with adipose tissue inflammation similar to that seen in obesity. Some small
studies have shown lower levels of adiponectin® and higher levels of leptin® in psoriasis, and
a functional polymorphism of the leptin gene resulting in increased leptin has been
associated with psoriasis.8 However, whether these differences in adipokine levels are
confounded by the high prevalence in psoriasis of central obesity, insulin resistance and
dyslipidaemia was not assessed in these previous studies.

We hypothesized that psoriasis may predispose to a more adverse adipokine profile
independently of cardiometabolic risk factors, and assessed this in a well-phenotyped,
consecutive sample of subjects with and without psoriasis.

Ethics approval

The Institutional Review Board of the Hospital of the University of Pennsylvania. All
participants gave informed consent to use their information and blood.
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We consecutively enrolled participants with psoriasis (n = 122; Ps group) over a 6-month
period from the outpatient dermatology clinic at the Hospital of the University of
Pennsylvania. The healthy control (HC) group comprised individuals without psoriasis (n =
134) were derived from a random sample of non-diseased subjects recruited as previously
described.13 For the Ps group, body surface area (BSA), a measure of psoriasis severity, was
ascertained at the time of enrolment by the attending dermatologist, and information on
medication was extracted from the electronic medical record.

Blood was obtained from participants at the time of enrolment after a 12-h overnight fast,
and plasma levels of lipids and glucose were measured enzymatically (Cobas Fara Il; Roche
Diagnostic Systems, Basel, Switzerland) in lipoprotein fractions after ultracentrifugation (B-
quantification technique) for the Ps groups and in whole plasma for the HC group. Plasma
insulin levels were measured by a commercial radioimmunoassay (Linco Research, St.
Charles, MO, USA) and plasma C-reactive protein (CRP) levels were assayed by high-
sensitivity latex turbidimetric immunoassay (Wako Ltd, Richmond, VA, USA). The intra-
assay coefficient of variation (CV) was 2.95 + 2.52% for the insulin standard and the inter-
assay coefficient of variation was 4.1% for the insulin standard and 11.6% for pooled human
plasma.

The homeostasis model assessment of insulin resistance (HOMA-IR) index [fasting glucose
(mmol/l) x fasting insulin (uU/mI1)/22.5] was used to estimate the degree of insulin
resistance, and waist size was used to approximate the extent of central obesity. Plasma total
adiponectin and leptin were measured using ELISA (Linco Research, St. Charles, MO,
USA), and the intra-assay CV for adiponectin (6.2 + 1.5%) and leptin (5.7 £ 1.8%) was
within the acceptable range.

Statistical analysis

Results

Unadjusted characteristics for participants with and without psoriasis were assessed by
calculating the median and interquartile range (IQR). Rank sum and x?2 tests were used for
continuous and categorical variables, respectively. Multivariable linear regression.
controlling for age, gender, hypertension, smoking status, low-density and high-density
lipoprotein (LDL and HDL), triglycerides, waist size and HOMA-IR was performed using
log-transformed adiponectin and leptin. Estimates are reported as % difference in mean

adipokine levels between the Ps and HC groups calculated using the formula % difference =
gcoefficient _ ¢

Analyses were performed using STATA software (version 12; STATA Inc., College Station,
TX, USA) and P < 0.05 was considered significant.

Characteristics of the Ps (n = 122) and HC (n = 134) groups are summarized in Table 1.
Because all Ps group were all white, we selected only white HCs for comparison. The Ps
group had mild to moderate disease (median BSA 2.9%, IQR 1-8.5%) and were mostly on
topical therapies. CRP, a crude indicator of systemic inflammation, was higher in the Ps
group than in the HC group (P = 0.018). Despite a lower median age in the Ps group
compared with the HC group [44.5 years (IQR 34-57) vs. 49 years (IQR 44-54); P = 0.02],
the Ps group had greater weight, higher blood pressure, lower median HDL [43 mg/dL (36—
58) vs. 49 (42-62); P = 0.008] and higher median HOMA-IR [3.47 (2.33-6.61) vs. 1.425
(0.940-2.131); P = 0.02] reflecting a more adverse cardiometabolic profile. Total cholesterol
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and LDL were lower in the Ps group compared with the HC group (P < 0.001) and no
significant difference in triglycerides was found. There were no differences in the
percentage of participants on lipid-lowering therapies between the two groups.

Similar to reports from previous studies, adiponectin was significantly lower in the Ps group
than in the HC group [7.13 ug/mL (IQR 4.9-11.3) vs. 14.5 pg/mL (IQR 8.4-24.1); P<0.001]
(Figure 1). Leptin was higher in the Ps group than in the HC group, but this did not reach
statistical significance [11.3 ng/mL (IQR 6.4-21.8) vs. 9.8 ng/mL (IQR 4.9-20.5); P =
0.07]. After controlling for traditional CVD risk factors (age, gender, smoking status,
hypertension and lipids), adiponectin remained significantly lower (% difference = —44.3%;
P<0.001), and leptin remained significantly higher (% difference = +40.5%; P = 0.007) in
the Ps group. Adiponectin was still negatively associated with Ps status after further
adjusting for waist size (% difference = -41.2%, P < 0.001), insulin resistance (% difference
= —39.5%; P < 0.001), and both waist size and insulin resistance (% difference = -38.5%; P
< 0.001). However, leptin was no longer significantly associated with psoriasis after
adjusting for waist size (P = 0.233) and insulin resistance (P = 0.36). Estimates were similar
when BMI was substituted for waist size in our multivariable models (data not shown).
Differences in adiponectin were not significant between the patients in the Ps group who
were receiving or not receiving systemic treatment [4.59 (IQR 3.62-10.47) vs. 7.49 (IQR
5.06-11.43); P = 0.14] or phototherapy [6.44 (IQR 4.9-8.74) vs. 7.13 (IQR 3.78-8.65); P =
0.97].

Discussion

We found in this consecutive sample of patients with psoriasis and healthy controls that
psoriasis is associated with lower levels of plasma adiponectin independently of
cardiometabolic risk factors. Our findings suggest that the lower adiponectin levels seen in
the Ps group are not completely due to the high comorbidity with cardiometabolic risk
factors in psoriasis, but rather may also be a result of a unique effect of psoriasis on
adiponectin signalling. We did not find an association between psoriasis and leptin after
controlling for central obesity and insulin resistance, so previously reported differences® in
leptin levels between individuals with and without psoriasis may have been a result of the
high prevalence of central obesity and insulin resistance in the psoriasis population.

Our findings suggest that the decreased levels of adiponectin seen in the Ps regardless of
psoriasis severity may reflect underlying adipose tissue inflammation, possibly driven by
psoriatic inflammation. Central obesity is associated with greater amounts of inflammatory
visceral fat, which is more hypertrophied, contains more macrophage infiltration, has an
increased presence of activated Th cell populations and expresses a more pro-inflammatory
cytokine profile, marked by increased TNF-a, IL-6, 1L-17, and decreased adiponectin. #1415
This pro-inflammatory phenotype induces additional inflammatory stress on adipose tissue,
which contributes to a vicious cycle that leads to pathological states such as insulin
resistance and CVD, which are strongly associated with central obesity.” Interestingly, a
similar inflammatory state of activated Th cells and increased pro-inflammatory cytokines
have been described in psoriasis, and are thought to be responsible for the induction of
psoriatic plaque formation.3

Our study indicates that decreased adiponectin is an additional pro-inflammatory feature of
psoriasis independent of obesity. Adiponectin has previously been linked to inflammatory
activity in psoriasis, as it has been shown in that in patients with psoriasis, successful anti-
inflammatory treatments may elevate adiponectin levels.16 Collectively, these studies
suggest that Th cell-driven inflammation in psoriasis may be a pathway towards adipose
tissue inflammation, independent of obesity.
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Our study adds to a growing body of literature exploring the role of inflammation in the
pathophysiology of CVD in patients with psoriasis. Psoriasis may be a risk factor for CVD
independently of traditional CVD risk factors,17:18 and in fact may be associated with
subclinical vascular inflammation in young subjects with severe disease.1®. These
associations may in part be due to a more atherogenic lipoprotein composition and
function.20 Furthermore, this risk of CVD in psoriasis may also be due in part to underlying
adipose tissue inflammation and dysfunction, as evidenced by lower plasma adiponectin
levels.” Decreased adiponectin may also lead directly to a more pro-atherogenic phenotype,
as adiponectin has been shown to inhibit differentiation of monocyte precursors, synthesis of
endothelial adhesion molecules, and formation of foam cells, which are key steps of
atherosclerotic plaque formation.”-21 Our study indicates that psoriatic inflammation may
predispose this atherogenic phenotype partially through perturbations in adiponectin
signalling.

Our study is limited by its correlative nature, which does not permit causal inference, and we
did not account for psoriasis severity in our models. Further, 18% of our Ps group were on
systemic therapies and phototherapy, which may have had effects on circulating adipokine
levels. However, the differences in adiponectin levelsbetween those patients in the Ps group
receiving or not receiving systemic therapy were not significant, and our models remained
significant after excluding participants on systemic therapy or phototherapy. Our psoriasis
participants were derived from a young, real-world consecutive sample that was highly
motivated toward lifestyle management, which may explain the lower total cholesterol and
LDL levels than in the HC group. Interestingly, the Ps group still displayed a higher
metabolic risk profile than the HC group, as evidenced by their lower HDL levels and
increased obesity and insulin resistance. Cigarette smoking, which has been shown to be an
adiponectin-lowering agent,22 was present in only in our psoriasis group, but was controlled
for as a confounder in our adjusted models. Our study is also limited by the use of plasma
adipokine levels as a surrogate for adipose tissue characterization and HOMA-IR as a crude
estimate of insulin resistance.

Conclusion

Plasma levels of adiponectin were lower in psoriasis, and this relationship persisted after
adjusting for cardiometabolic risk factors known to decrease adiponectin levels. These
findings suggest that inflammation present in psoriasis may be associated with adipose
tissue dysfunction. Based on our findings, larger prospective studies accounting for psoriasis
treatment effects and severity that include biopsy studies of adipose tissue are warranted.
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To understand the association between psoriasis and potential adipose tissue dysfunction as
estimated by serum adipokines.

Question 1

Which cell type produces adiponectin and leptin?
a. Myocytes.
b. Adipocytes.
c. Neurons.
d. Endothelial cells.
e. Osteoblasts.
Question 2

Which of the following has been shown to be associated with decreased adiponectin?
a. Increased insulin resistance.
b. Increased mortality.
c. Lower cholesterol.
d. Lower body mass index.
e. Lower blood pressure.
Question 3

Which of the following has been shown to be a function of leptin?
a. Dissolution of atherosclerotic plaque.
b. Upregulation of TNF-a.
c. Vasoconstriction.
d. Increased heart rate.
e. Pupillary dilation.
Question 4

Which of the following is considered a cardiometabolic risk factor?
a. Elevated C-reactive protein.
b. Elevated erythrocyte sedimentation rate.
c. Central obesity.
d. Persistent hypotension.
e. Persistent facial erythema.
Question 5

Which of the following is associated with an inflammatory phenotype of visceral fat?
a. Increased synthesis of adiponectin.

b. Adipocyte atrophy.
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c. Increased IL-4 production.
d. Adipocyte hypertrophy.
e. Decreased synthesis of leptin.
Answer 1

Which cell type produces adiponectin and leptin?

a. Incorrect.
b. Correct. Adiponectin and leptin are adipokines, which are synthesized by
adipocytes.
c. Incorrect.
d. Incorrect.
e. Incorrect.
Answer 2

Which of the following has been shown to be associated with decreased adiponectin?

a. Correct. Decreased adiponectin has been shown to associate with an adverse
cardiometabolic profile, such as insulin resistance, central obesity and
dyslipidaemia.

b. Incorrect.

c. Incorrect.

d. Incorrect.

e. Incorrect.

Answer 3

Which of the following has been shown to be a function of leptin?

a. Incorrect.
b. Correct. Leptin has been shown to be associated with an increased inflammatory
state, as reflected by elevated TNF-a.
c. Incorrect.
d. Incorrect.
e. Incorrect.
Answer 4

Which of the following is considered a cardiometabolic risk factor?

a
b.

C.

Incorrect.
Incorrect.

Correct. Cardiometabolic risk factors include age, smoking status, hypertension,
dyslipidaemia, central obesity, and insulin resistance.

Incorrect.

Incorrect.
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Answer 5

Which of the following is associated with an inflammatory phenotype of visceral fat?

a. Incorrect.
b. Incorrect.
c. Incorrect.

d. Correct. Inflammatory visceral fat has been shown to exhibit several histological
features, including adipocyte hypertrophy and increased macrophage infiltration.

e. Incorrect.
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Psoriasis

Figurel.
Unadjusted Total Plasma Adiponectin and Leptin Levels by Psoriasis Status
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Demographics and clinical characteristics of the patients stratified by psoriasis presence.

Table 1

Age, years
Male, n (%)

Hypertension, n (%)
Current smoker, n (%)

Waist size, inches

BMI, kg/m?

Diabetes mellitus, n (%)

CRP, mg/L

Fasting glucose, mg/dL, n

Insulin, pU/mL, n (%)

HOMA-IR

Total cholesterol, mg/dL

LDL (mg/dL)
HDL (mg/dL)

Triglycerides (mg/dL)
Currently on LLT
Psoriasis severity (% BSA)

Psoriasis treatment, n (%)

Topical only
Systemic

Phototherapy

Median (IQR)

Psoriasis (n = 122)

44.5 (34-57)

68 (60)

39 (35)

8(7)

40 (35-44)

29.5 (25.9-33.4)
10 (8.8)
3.3(.835-9.85)
88

17.7

3.5 (2.3-6.6)
186 (164-218)
106.9 (90-132.5)
43 (36-58)

127 (78-190)
19 (16%)

2.9 (1-8.5)

71 (58)
12 (9)
11(9)

No psoriasis (n = 134)

49 (44-54)
71 (53)

27 (20)

0(0)

35.5 (33-39.5)
26.9 (24.9-30.1)
5(3.7)

1.3 (0.6-2.4)

90

6.3

1.4 (9-2.1)

208.5 (189-231)
130 (106.4-147.4)
49 (42-62)

130 (91-159)

22 (16%)

NA

NA
NA
NA

p
0.01
0.29
0.01
0.001
<0.001
0.001
0.1
0.02
0.19
<0.001
<0.001
<0.001
<0.001
<0.01
0.95
0.31

NA
NA
NA

BMI, body mass index; BSA, body surface area; CRP, C-reactive protein; HDL, high-density lipoprotein; HOMA-IR, homeostasis model

Page 12

assessment of insulin resistance; LDL, low-density lipoprotein; LLT, lipid-lowering therapy; NA, not applicable. All data are mean (range) unless

otherwise stated.
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