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Suppressed Adiponectin Levels and Increased
Adiponectin Response to Oral Glucose Load in
Lean Women with Severe Acne Normalizes after
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Abstract

Background/Aim: Isotretinoin, the drug of choice for severe
acne, might be associated with a decrease in insulin sensitiv-
ity. Adiponectin is an adipose tissue-derived protein that in-
creases insulin sensitivity. In this study, we aimed to investi-
gate adiponectin levels in postadolescent severe acne and
the effect of isotretinoin on adiponectin levels. Methods:
Participants included 18 female patients with severe acne
and 18 healthy women matched for age and body mass in-
dex (BMI). Acne patients completed a 6-month isotretinoin
treatment. Anthropometric measurements, serum adipo-
nectin, lipids, fasting glucose, fasting insulin, and homeo-
static model assessment for insulin resistance (HOMA-IR)
were determined, and a standard 2-h oral glucose tolerance
test (OGTT) was performed in healthy women once and in
patients with acne before and after treatment. Results: At
baseline, patients with acne had significantly lower serum
adiponectin levels than controls. Isotretinoin treatment re-
sulted in a significant increase in weight, BMI, and triglycer-

ide and adiponectin levels. Glucose metabolism markers in
patients with acne and controls were similar at baseline and
did not change after treatment. Baseline OGTT in acne pa-
tients revealed an increased adiponectin response at 2 h,
which was not present in healthy controls. Remarkably, this
OGTT-induced adiponectin increment in acne patients was
diminished after isotretinoin treatment. Conclusion: Adipo-
nectin levels are differently regulated in women with severe
acne and healthy controls in that circulating basal levels in
patients are suppressed and show an increase in response to
oral glucose load. Suppression of baseline adiponectin ame-
liorates after 6 months of isotretinoin treatment, reaching
levels similar to those of healthy controls.

©2017 S. Karger AG, Basel

Introduction

Acne is a chronic inflammatory disease of the pilose-
baceous unit with multifactorial pathogenesis and is as-
sociated with insulin resistance [1-3]. Isotretinoin is a de-
rivative of vitamin A, collectively named retinoids, that is
currently the most effective treatment for severe acne [4-
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18 female patients with severe acne and 18 healthy control women

Y

Excluded:

* Polycystic ovary syndrome « Adrenal enzymatic deficiency

« Hyperprolactinemia « Thyroid dysfunction « Cushing syndrome

+ Androgen secreting tumor « Previous oral retinoid therapy

« Type 2 diabetes « Renal, hepatic cardiovascular disease

(no oral contraceptive therapy/drug-containing intrauterine device
for at least 3 months before enrollment and during the study)

Y

Anthropometric measurements, lipids, and glucose metabolism markers were determined
A 75-g oral glucose tolerance test (OGTT) was performed and serum
adiponectin was measured at baseline and at 2 h

Y

patients with acne

Patients with acne completed a 6-month isotretinoin treatment

All evaluations including adiponectin levels during OGTT were repeated in

Y

Adiponectin levels between patients and controls, and adiponectin levels
before and after treatment, were compared and analyzed

Fig. 1. Flowchart of Materials and Methods.

6]. Isotretinoin therapy may be associated with metabolic
disturbances [7, 8].

Adipose tissue is a major site of storage for vitamin A
derivatives and plays an active role in their homeostasis
and metabolism [9]. Adiponectin is an adipose tissue-de-
rived adipocytokine associated with insulin sensitivity
[10, 11]. Circulating adiponectin concentrations are re-
duced in insulin-resistant states such as coronary artery
disease, hypertension, metabolic syndrome, or type 2 dia-
betes [12]. Adiponectin concentrations are also signifi-
cantly lower in obese than in non-obese subjects despite
extensive production of adiponectin retinoids in adipose
tissue [13]. Adiponectin has been shown to reverse insu-
lin resistance associated with lipoatrophy and obesity in
animal studies [14]. A reduction in adiponectin levels
precedes a reduction in insulin sensitivity, and humans
with low plasma adiponectin concentration tend to be-
come insulin-resistant years later [15]. Limited data on
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adiponectin levels in acne patients are available from a
few studies that have assessed adiponectin levels before
and after treatment with isotretinoin [16, 17]. Basal adi-
ponectin levels and adiponectin response to a standard-
ized oral glucose tolerance test (OGTT) have not yet been
investigated in patients with acne in comparison to
healthy women.

In the present study, we aimed to analyze whether
the level of adiponectin is different in female patients
with postadolescent severe acne compared to healthy
women and whether isotretinoin treatment affects adi-
ponectin levels in relation to insulin resistance in those
patients.

Materials and Methods

For further details, see the online supplementary material
(www.karger.com/doi/10.1159/000484168) [18-24] (Fig. 1).
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Fig. 2. Adiponectin responses to the oral

glucose tolerance test in controls and pa-
tients.

Control p > 0.05

1
120 min
Posttreatment p > 0.05

120 0 120 0
Pretreatment p = 0.002

Table 1. Clinical, hormonal, and biochemical characteristics of all participants at baseline and of women with severe acne after treatment

Controls Patients Patients — 6th month  p value® p value®
(n=18) (n=18) (n=18) (acne-control) (pre-post)
Age, years 24.4+2.4 23.4+3.4 0.161
Weight, kg 56.2+7.8 57.6+8.5 59.7+9.8 0.602 0.010
BMI 20.7£2.5 20.5+ 2.1 21.2+£2.7 0.748 0.010
Waist, cm 72.0+7.7 74.3+7.4 76.2+7.3 0.363 0.218
WHR 0.77+0.06 0.80+0.05 0.80+0.06 0.132 0.605
IR and glucose metabolism
Fasting glucose, mg/dL 85.6+8.9 85.7+16.8 80.7+13.9 0.980 0.463
Insulin, pIU/mL 8.5+3.6 10.3+£3.3 11.8+4.5 0.127 0.286
HOMA-IR 1.8+£0.8 2.2+0.7 24+1.1 0.182 0.286
Adiponectin 0, pg/mL 10.9 +5.2 6.5+3.8 8.7+3.4 0.006 0.031
Adiponectin 120, pug/mL 9.4+4.1 9.5+£5.5 8.2+4.0 0.591 0.306
Lipids, mg/dL
Total cholesterol 162.6+25.9 156.1£29.5 159.8£26.3 0.484 0.248
TG 66.3+29.9 77.1£27.7 101.6+39.7 0.270 0.003
LDL-C 86.3£21.0 82.5+22.7 88.8+23.4 0.603 0.157
HDL-C 61.5+12.1 56.2+12.7 55.9+14.4 0.209 0.931

WHR, waist-to-hip ratio; IR, insulin resistance; HOMA-IR, homeostasis model assessment for insulin resistance; TG, triglycerides;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol. * For baseline assessment of acne patients and
control group. ® For assessment of pre- and posttreatment features of acne patients.

Results

We found that basal adiponectin levels of patients with
acne were significantly lower than the basal adiponectin
levels of the control subjects (p = 0.006). After 6 months
of treatment with isotretinoin, basal adiponectin levels
significantly increased (p = 0.031). Remarkably, when pa-
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tients with acne were subjected to the OGTT at baseline,
we found that the adiponectin levels showed a significant
increase at the 2-h time point (p = 0.002), reaching similar
adiponectin levels to those found in healthy subjects.
However, this glucose-induced increment in adiponectin
levels was lost in the patients after isotretinoin treatment
(p=0.711). The OGTT had no effect on the serum adipo-
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nectin levels in healthy controls (p = 0.112). Adiponectin
dynamics during OGTT are shown in Figure 2.

Insulin sensitivity markers and lipids were similar in
patients with acne and healthy controls at baseline, and
insulin sensitivity markers did not change significantly
after isotretinoin treatment, as previously reported (Ta-
ble 1) [18].

Correlation analyses showed that adiponectin was
negatively correlated with homeostatic model assessment
for insulin resistance (HOMA-IR) and basal insulin in
patients with acne (p = 0.001, r = -0.731 and p = 0.008,
r = -0.607, respectively), but not in controls. However,
after isotretinoin treatment, the correlation of adiponec-
tin with HOMA-IR and basal insulin was diminished.
Adiponectin levels at 2 h during OGTT were not corre-
lated with glucose and insulin levels at the same time
point. Adiponectin levels at baseline showed no correla-
tion with any of the lipid parameters in patients, and adi-
ponectin was positively correlated with HDL-C in con-
trols (p =0.019, r = 0.548). As triglyceride levels increased
after treatment, we made a correlation analysis between
the change in triglycerides and the change in adiponectin
levels, but could not detect a correlation between them.

Discussion

Oral isotretinoin is the revolutionary drug in the treat-
ment of severe acne, but it has some undesired metabolic
side effects [8]. Adiponectin metabolism is complex, but
it is generally accepted that it is reduced in conditions
with increased adiposity, atherosclerosis, and insulin re-
sistance, and that it has beneficial effects on insulin action
and lipid metabolism [19]. In the present study, we
showed that basal adiponectin levels in female patients
with postadolescent severe acne were lower than those in
healthy women matched for age and body mass index
(BMI), while upon treatment with isotretinoin for 6
months these patients showed increased adiponectin lev-
els without a significant effect on glucose metabolism
markers. In addition, isotretinoin treatment restored dys-
regulation of adiponectin dynamics after glucose load in
patients with severe acne.

The number of reports on serum adiponectin levels
in acne patients is limited. Koistinen et al. [16] investi-
gated 11 men with acne (age 24.2 + 2 years, BMI 22.1 +
0.9) and described a paradoxical rise in serum adiponec-
tin levels after isotretinoin treatment for approximately
5 months, which returned to pretreatment levels 1 month
after the end of therapy. They demonstrated a reversible
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reduction in insulin sensitivity during treatment by the
euglycemic hyperinsulinemic clamp technique. Unfor-
tunately, a healthy control group was not included in this
study. A similar increase in adiponectin concentrations
was found by Heliovaara et al. [17], who evaluated 23 pa-
tients with acne (11 female, 12 male; age 24.9 £ 0.9 years;
BMI 22.6 + 0.7) before, after a 3-month treatment with
isotretinoin, and 1 month after treatment cessation, us-
ing a 4-h OGTT. The individual fasting glucose and in-
sulin levels and the area under the curve for glucose and
insulin during the 4-h OGTT were unchanged during the
different phases of the study. In contrast to these studies,
Corbetta et al. [20] found that adiponectin levels re-
mained unchanged during a 1-month treatment period
and after cessation of treatment when evaluating the ef-
fect of retinoid derivative acitretin in patients with pso-
riasis. However, this distinct result may be related to the
application of a different drug or the relatively short pe-
riod of treatment. Our study has some similarities and
some differences with these studies regarding the study
population, design, and outcomes. We included a well-
characterized cohort of women with postadolescent se-
vere acne, excluding obese patients and men. Our obser-
vation that serum adiponectin levels are significantly in-
creased during isotretinoin treatment is in accordance
with the results of the studies by Koistinen et al. [16] and
Heliovaara et al. [17]. As we included healthy controls in
our study, we were able to make the unique observation
that patients with severe acne showed significantly lower
basal serum adiponectin levels in comparison to nonacne
healthy controls. We also observed that the phenomenon
of OGTT-induced augmentation of adiponectin levels in
acne patients was abrogated upon isotretinoin treatment.
Moreover, isotretinoin treatment led to normalization of
adiponectin levels that became nonresponsive to high
glucose intake, similarly as found in healthy controls.
Adiponectin is known to be decreased in insulin resis-
tant conditions such as obesity and diabetes [19]. In our
study, at the level of similar glycemia and insulin sensitiv-
ity to healthy controls, lean women with acne had sup-
pressed adiponectin levels. Acne is regarded as a chronic
inflammatory disease, and biopsies of the inflammatory
acne lesions revealed the expression of proinflammatory
factors [21]. In in vitro studies, proinflammatory factors
including cytokines such as TNF-a and IL-6 suppress ad-
iponectin production by adipocytes [22, 23]. Based on the
fact that sebocytes resemble adipocytes in linking lipid
metabolism with inflammatory activity, Kovacs et al. [24]
analyzed the expression of various adipocytokines, in-
cluding adiponectin, in sebaceous glands. They showed
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that, similar to adipocytes, sebocytes differentially ex-
press and secrete adipokines and that expression of them
could be regulated by various stimuli including isotreti-
noin. The study by Kovacs et al. [24] supports our find-
ings in part that adiponectin is associated with severe
acne and isotretinoin is able to modulate adiponectin.
Jung et al. [25] specifically evaluated adiponectin signal-
ing in sebaceous glands and demonstrated that human
sebaceous glands in vivo and sebocytes in vitro expressed
adiponectin receptors. They stated that adiponectin
strongly upregulated lipid production in sebocytes. The
cumulative data so far identifies sebaceous glands as po-
tential sources of adipocytokines [26].

An interesting point in our study is that the basal adi-
ponectin level increased after isotretinoin despite the fact
that there was an increase in body weight and triglyceride
level even though insulin sensitivity remained the same.
This finding suggests that isotretinoin either shows a di-
rect effect on the synthesis and secretion of adiponectin
or indirectly affects the adiponectin levels by improve-
ment of the proinflammatory state observed in acne.
Since isotretinoin modifies the inflammation of the acne
lesions, the suppressive effect of these cytokines on adi-
ponectin expression may be reversed by isotretinoin. Al-
ternatively, a direct effect of isotretinoin may occur
through its receptor interactions. Retinoids exert their
function through the retinoic acid receptor (RAR) and
the retinoid X receptor (RXR), which is the obligate part-
ner for peroxisome proliferator-activated receptor-y
(PPARYy) [27-29]. After binding, the PPARy-RXR het-
erodimer activates the human adiponectin promoter,
leading to increased adiponectin in response to PPARy
triggering [30].

Regarding the association of adiponectin and insulin
sensitivity, adiponectin dynamics during OGTT may
have arole in postprandial glucose. In the studies evaluat-
ing the response of adiponectin to acute hyperglycemia
during OGTT, adiponectin levels were not changed 2 h
after glucose load in insulin-sensitive slim probands [31],
as well as in normal glucose-tolerant, impaired glucose-
tolerant, and type 2 diabetic probands [32], whereas an
increase in adiponectin levels was observed in patients
with polycystic ovary syndrome [33]. In the present study
we detected an increased adiponectin response to oral
glucose at 2 h during OGTT which was not present in
nonacne healthy controls and was diminished after
isotretinoin therapy. As adiponectin levels do not change
in response to oral glucose load in healthy women [34-
36], we do not expect a rise of adiponectin during OGTT.
It appears that isotretinoin treatment restores dysregula-
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tion of adiponectin dynamics in severe acne. Adiponectin
is found to be positively correlated with HDL-C and in-
versely correlated with triglycerides in healthy people
[36]. In our study, no correlation of adiponectin with lip-
ids in patients with acne also suggests dysregulation of
adiponectin in patients with severe acne. In contrast to
the study by Heliovaara et al. [17], we did not detect a cor-
relation between the change in triglycerides and the
change in adiponectin levels.

Limitations of our study include the relatively small
sample size and the observational design. We included
only lean women with severe acne, and caution should be
taken to extrapolate our results to obese or male patients
or patients with milder forms of acne.

In conclusion, adiponectin levels are differently regu-
lated in women with severe acne compared to healthy
controls in that circulating basal levels are suppressed and
show an increase in response to oral glucose load. Sup-
pression of baseline adiponectin ameliorates after 6
months of isotretinoin treatment, reaching levels similar
to those of healthy controls.

Key Message

Adiponectin is differently regulated in women with severe
acne, and isotretinoin restores adiponectin dynamics.
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