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Abst rac t

Introduction: Recent studies suggest a role of adipokines in the pathogenesis of hidradenitis suppurativa (HS). 

Aim: To investigate serum omentin-1 and apelin levels in patients with HS and to assess their associations with 
metabolic parameters, disease severity and HS risk. 
Material and methods: This case-control study included 139 non-diabetic individuals (78 HS patients and 61 age- 
and sex-matched controls). Serum concentrations of omentin-1 and apelin and the homeostasis model assessment 
of insulin resistance (HOMA-IR) were measured in all participants. 
Results:

analysis showed that increased omentin-1 plasma levels were an independent risk factor for HS. However, we found 
no association between serum levels of both omentin-1 and apelin with HS severity. 
Conclusions: Our results show that patients with HS have raised omentin-1 serum levels, which are associated 
with HS risk.

Key words: hidradenitis suppurativa, apelin, omentin, adipokines.

Introduction

Hidradenitis suppurativa/acne inversa (HS) is 
-
-

sions predominantly located in the inverse areas of the 
-

matory disease linked to several comorbidities [2, 3]. In 
this regard, the association between HS and metabolic 
conditions such as insulin resistance (IR) [4], metabolic 
syndrome (MS) [5] and type 2 diabetes mellitus (T2DM) 

[6] has been established. Moreover, patients with HS 
have an increased cardiovascular (CV) risk [7]. 

The etiopathogenesis of HS still remains uncertain, 
although it is considered to be multifactorial. Current 
evidence suggests the presence of an altered immune 
response in HS, with enhanced expression of cytokines, 
such as tumour necrosis factor-  (TNF- ), interleukin 
(IL)-1  and IL-17 in lesional skin and in the serum of HS 
patients [8–10].

Adipokines are biologically active polypeptide hor-
mones, mainly produced by adipocytes and adipose 
tissue-associated macrophages (ATMs) [11]. There is 
a growing body of evidence indicating that these pleio-
tropic molecules play a pivotal role in the regulation of 
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-
sponses. Furthermore, dysregulation of adipokine secre-
tion has been implicated in the pathogenesis of several 

been recently reported that adiponectin, leptin, resistin, 
and visfatin are dysregulated in patients with HS [12–14]. 
In this sense, it has also been reported that resistin and 
visfatin might be implicated in HS pathogenesis [13, 14].

Omentin-1 and apelin are two recently identified 

metabolic processes [15, 16]. However, to our knowledge, 
there are no data in the medical literature about the 
expression level and potential pathogenic role of these 
adipokines in HS.

Aim

The aim of this study was to analyse the serum con-
centrations of omentin-1 and apelin in a series of HS 
patients and to investigate the possible relationships of 
these adipokines and metabolic parameters, disease se-
verity and the risk of HS.

Material and methods

Study participants and protocol

We carried out a case-control study that included  
78 patients with HS and 61 age- and sex-matched con-
trols. HS patients were recruited from our dermatology 
outpatient clinic at the University Hospital Marques de 
Valdecilla (Santander, Northern Spain). All of the patients 

-

who had been admitted to the dermatology department 
-

vus, warts or epithelioma. The research protocol was ap-
proved by the local institutional ethics committee, and it 
complied with the ethical standards outlined in the Dec-
laration of Helsinki. Patients gave informed consent to 
participate in this study.

For the purpose of this study, we used the methodol-
ogy previously reported in detail [14]. Subjects were exclud-
ed from our study if they met any of the following criteria: 
age < 18 years, documented history of CV events, type 1 or 

glucose metabolism, chronic kidney or liver diseases, treat-

previous 6 months, and the presence of concomitant in-

The severity of HS was assessed by the HS Physician 
Global Assessment (HS-PGA), which includes 6 stages 
(scale 0 ±5) with clear guidance for disease severity as-
sessment, and the Hurley staging. According to HS-PGA, 

> 3) and as minimal-mild HS (PGA < 3). Besides, data on 
disease duration were also gathered in all the patients. 

All the participants provided information on demo-
graphic features, past medical history, and current and 
prior systemic therapy. Traditional CV risk factors were 
defined as previously reported [14]. Body height and 
weight, body mass index (BMI), waist circumference 
(WC), systolic blood pressure (BP) and diastolic BP were 
measured in all patients and controls. BMI was calcu-
lated as weight (kg)/[height (m)]2. Blood samples were 
collected after 12-h fasting in all participants. Glucose, 
glycated haemoglobin (HbA

1c
), triglycerides, serum to-

tal cholesterol (TC), high-density lipoprotein cholesterol 
(HDL-c), low-density lipoprotein cholesterol (LDL-c), 
high-sensitivity C-reactive protein (hs-CRP) levels and 
erythrocyte sedimentation rate (ESR) were measured. 
Metabolic syndrome was diagnosed by the presence 
of three or more criteria according to the National Cho-

 
(ATP III) [17]. The homeostatic model assessment for in-
sulin resistance (HOMA-IR) was calculated using the fol-
lowing formula: fasting insulin level (µIU/ml) × fasting 

HOMA-IR value of > 2.5.
Serum levels of adipokines, omentin-1 and apelin, 

were measured by enzyme-linked immune-sorbent assay 
(ELISA) commercial kits (Sigma-Aldrich Co. LLC, St. Louis, 

(CV) were < 10% both adipokines. 

Statistical analysis

Results were expressed as numbers (percentage), 
mean ± standard deviation (SD) or median and inter-
quartile range (IQR), as appropriate. To compare quanti-
tative and qualitative variables Mann-Whitney U-test and  

2 or Fisher test, respectively, were used. To evaluate the 
relationship between serum adipokines and HOMA-IR, 

-
wise multivariable logistic regression models were built 
to assess the potential association between both serum 
adipokines and IR, HS risk and HS severity. Bonferroni 
correction for multiple assessments was performed.

Results

Table 1 shows the main demographic, clinical and 
laboratory data of HS patients and controls. Both study 

levels, HbA
1c

, LDL-c and prevalence of dyslipidaemia and 

BMI, waist perimeter, systolic blood pressure (SBP) and 
diastolic blood pressure (DBP), serum glucose and in-
sulin levels, HOMA-IR values, and prevalence of IR and 
MS than controls. Moreover, HS patients had lower se-
rum HDL-c levels than the control group. Serum omen-
tin-1 levels were significantly higher in subjects with 
HS compared to controls (513.1 (364.9–631.1) vs 309.0 
(238.1–377.4); p < 0.0001). However, serum apelin levels 
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were not significantly different between both groups. 
After Bonferroni correction for multiple assessments 

smoking habit, BMI, waist perimeter, serum hs-CRP, and 
HDL-c levels, insulin resistance, metabolic syndrome, and 

-
rum concentrations between HS patients and controls 

sex, and BMI (data not shown).
According to the HS-PGA, patients with a more severe 

HS (PGA  3) were slightly older and had a longer dura-
tion of HS, higher serum levels of hs-CRP, triglycerides, 
HbA

1c
 and more prevalence of IR and MS compared to 

-
tion between serum omentin-1 or apelin concentrations 
and disease severity (data not shown).

with age, sex, BMI, serum HDL-c or LDL-c cholesterol, tri-
glycerides, and glucose or insulin levels. Serum omentin-1 
concentrations were correlated positively with serum hs-
CRP levels (r p

cancelled after adjusting by age, sex and BMI. Moreover, 
no correlation between omentin-1 levels and HOMA-IR, IR 

-
trations and any clinical and laboratory parameters.

Table 1. Demographic, clinical and laboratory findings of patients with HS and controls

Parameter HS patients (n = 78) Controls (n = 61) P-value

Age [years] 42.6 ±11.7 45.4 ±12.9 0.18

Sex, male (%) 47.4 51.6 0.62

Active smoking (%) 65.4 19.4 < 0.0001

BMI [kg/m2] 29.4 ±5.4 26.5 ±4.5 0.001

Waist perimeter [cm] 99.6 ±13.9 91.4 ±13.6 0.001

SBP [mm Hg] 132.6 ±16.4 124.2 ±15.8 0.003

DBP [mm Hg] 82.0 ±13.8 76.9 ±8.3 0.01

hs-CRP [mg/dl] 0.42 (0.17–0.89) 0.10 (0.10–0.20) < 0.0001

HbA
1c
 (%) 5.2 ±0.6 5.2 ±0.3 0.61

LDL-c [mg/dl] 116.6 ±32.4 122.4 ±29.2 0.28

HDL-c [mg/dl] 46.0 (41.0–56.3) 52.5 (46.8–69.5) 0.001

Triglycerides [mg/dl] 99.4 ±48.1 96.5 ±66.3 0.76

Fasting plasma glucose [mg/dl] 94.9 ±13.7 89.1 ±8.1 0.004

Fasting plasma insulin [µIU/ml] 10.6 (5.5–16.9) 7.4 (4.9–10.7) 0.006

HOMA-IR 2.2 (1.0–3.7) 1.5 (0.9–2.3) 0.005

Insulin resistance (%) 46.2 19.4 0.001

Hypertension (%) 17.9 14.5 0.59

Dyslipidaemia (%) 13.0 16.1 0.60

Metabolic syndrome (%) 34.5 11.5 0.002

Omentin [ng/ml] 513.1 (364.9–631.1) 309.0 (238.1–377.4) < 0.0001

Apelin [ng/ml] 569.6 (292.7–829.7) 465.1 (286.1–762.9) 0.28

1c

Table 2. Adjusted risk factors for HS development

Parameter OR (95% CI) P-value

Active smoking, yes 2.444 11.52 (3.97–33.37) < 0.0001

BMI [kg/m2] 0.155 1.17 (1.05–1.29) 0.004

Insulin resistance, yes 2.029 7.61 (1.99–29.08) 0.003

Omentin [ng/ml] 0.012 1.012 (1.007–1.017) < 0.0001
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The results of multivariable logistic regression analy-
sis, adjusted for age, sex, BMI, smoking status and IR are 
shown in Table 2. Thus, increased serum concentrations 
of omentin-1 were related to an increased risk of HS (OR 

p

other covariables such as hypertension, dyslipidaemia, 
physical exercise, and MS to the model, did not change 
these results.

Discussion

Our study revealed that serum omentin-1 levels were 

levels. Furthermore, omentin-1 was related to the risk of 

Omentin-1 (intelectin-1) is an adipokine highly and se-
lectively expressed in visceral adipose tissue [15]. It acts 

It has been considered that omentin-1 exerts insulin-

transport in human adipocytes [15]. Thus, several studies 
have demonstrated that serum omentin-1 concentrations 
inversely correlate with IR and obesity [18, 19]. Moreover, 
in patients with T2DM, serum omentin-1 levels were 

suggest that insulin and glucose might down-regulate 
omentin-1 concentrations [19]. Nevertheless, we did not 

-
tin-1 levels and fasting glucose, HOMA-IR and BMI either 
in HS patients or in controls. In this sense, the increased 
serum omentin-1 concentrations found in our HS pa-
tients with a high prevalence of IR and obesity could be 

be noted that increased levels of omentin-1 have also 
been reported in patients with non-alcoholic fatty liver 
disease (NAFLD) [20], another condition closely related to 
IR and MS. Interestingly, we have recently reported a high 
prevalence of NAFLD in HS patients [21].

In our study, elevated serum omentin-1 levels were 
associated with an increased risk of HS. Omentin-1 has 

-
-

tions have demonstrated that this adipokine also exerts 
pro-inflammatory actions [22]. Moreover, omentin-1 
serum levels have been found to be increased in other 

-
tis [23] and juvenile chronic arthritis [24]. We do not have 
a clear explanation for the increased serum omentin-1 
levels in our HS patients. However, a plausible mecha-
nism may be the up-regulation of omentin-1 expression 
mediated by pro-inflammatory cytokines that are up-
regulated in HS and involved in the pathogenesis of this 
disease. In this regard, Niersmann et al. in a proteomic 
analysis of mature adipocytes, showed that the most po-

-
-

tokines such as IL-1  or TNF-  [22]. Alternatively, another 
possible explanation may be that omentin-1 could play 
a role in the pathogenesis of HS. Currently, it is consid-

-
ingly, it has been demonstrated that omentin-1 is able to 

-
tion promotes IL-1  cytokine secretion, which is highly 
activated and plays a pivotal role in HS pathogenesis [10, 
25]. In this respect, it should also be noted that a positive 
correlation between high levels of omentin-1 and high 
levels of IL-1  has been recently documented [26]. 

On the other hand, apelin is another new adipokine 

and endothelial cells [16]. The synthesis of apelin in adi-
pocytes is strongly up-regulated by insulin [27]. Further-
more, apelin is closely associated with IR and elevated 
serum apelin levels have been found in obese and hyper-
insulinemic mice and humans [27]. Moreover, it is known 

cytokines [28]. In this regard, several studies have shown 
significantly decreased apelin levels in patients with 

-
riasis [30]. In our study, however, apelin serum concentra-

on this disorder.
Our study has the inherent limitations of its cross-

sectional design. Furthermore, another limitation could 
be that the International Hidradenitis Suppurativa Sever-
ity Score System (IHS4) to assess HS severity was not 
used. Nevertheless, we think that this study provides 
new data about the possible role of serum omentin-1 
dysregulation in HS pathogenesis. 

Conclusions

We found that serum omentin-1 but not apelin levels 

high serum omentin-1 levels were associated with HS 
risk. Further research is needed to clarify the potential 
role of these new adipokines in HS.
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