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Abstract: Objective: The aim of this study was to evaluate the fasting serum GLP-1 concentrations in Chinese obe-
sity associated with Acanthosis nigricans (AN). Methods: This cross-sectional study included 61 subjects who were 
divided into two groups: 27 obese patients with AN (AN group) and 34 obese patients without AN (OB group). Data 
regarding weight, body mass index (BMI), waist circumference (WC), hip circumference (HC), visceral fat fraction, 
lipid profile, and uric acid (UA) were determined and collected for each patient. 75 g glucose tolerance tests (OGTT) 
were performed and insulin levels during OGTT were measured in all subjects. Homeostatic model assessment-
insulin resistance (HOMA-IR) was calculated to estimate insulin resistance. Body composition was measured by 
dual energy X-ray absorptiometry (DEXA). Fasting serum total GLP-1 concentrations were measured. Results: 1) 
Weight, WC, HC, UA, and HOMA-IR were significantly higher in the AN group than the OB group (P < 0.05). However, 
the level of high density lipoprotein-cholesterol (HDL-C) was significantly lower in the AN group than the OB group 
(P < 0.05). 2) The level of serum GLP-1 in the AN group was the significantly higher than the OB group (P < 0.05). 
3) The level of GLP-1 was significantly positively associated with LDL in AN group (P < 0.05). The level of GLP-1 was 
significantly positively associated with TC in AN group (P < 0.05). The level of GLP-1 was positively associated with 
plasma insulin measured at 30 min after OGTT, total cholesterol, and LDL-C in all patients with obesity (P < 0.05). 
Conclusions: Patients with obesity associated AN had severe insulin resistance accompanied with increased total 
fasting GLP-1 concentrations in comparison with simply obesity.
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Introduction

Acanthosis nigricans (AN) is characterized by 
dark, coarse and thickened skin with a velvety 
texture and histopathologically characterized by 
papillomatosis and hyperkeratosis of the skin 
and can be distributed on the neck, axillae, 
antecubital and popliteal fossae, and groin 
folds. The first case of AN was described in 
1891 [1]. AN is a cutaneous manifestation and 
may serve as a marker of many underlying 
states such as endocrine abnormalities, obesi-
ty, certain drugs, and malignancy. AN is one of 
the consequences in severe obesity and obesity 
is the most common cause of AN. A high pre- 
valence of AN has been observed recently 
because of the rising prevalence of obesity. AN 
may appear at any age and over half of adults 
who weigh over 200% of their ideal body weight 

may develop AN. AN is closely related to insulin 
resistance. Hyperinsulinemia can exert more 
potent growth-promoting effects through bind-
ing to insulin-like growth factor 1 receptors (IGF-
1Rs) and the binding stimulates proliferation of 
keratinocytes and fibroblasts which result in AN 
[2]. Improving hyperinsulinemia may reduce 
keratinocytic lesions. Therefore, the therapeutic 
approach involving weight loss and exercise 
improves obesity associated AN through in- 
creasing insulin sensitivity and reducing insulin 
levels [3]. 

Glucagon-like peptide-1 (GLP-1) is a 30-amino 
acid peptide hormone secreted from the L-cells 
of gastrointestinal tract in response to meal 
ingestion and enhances postprandial insulin 
secretion [4]. The level of bioactive GLP-1 in 
fasting serum usually ranges from 5 to 10 
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pmmol/L and increases approximately twofold 
to threefold after each meal [5]. Additionally, 
the postprandial peak of the serum GLP-1 level 
appears 20-30 minutes after a meal according 
to the size and nutritional composition of the 
meal [5]. The levels of GLP-1 are thought to  
be involved in the development of obesity and 
type 2 diabetes mellitus (T2DM) [5]. Glucose-
induced GLP-1 secretion was remarkably de- 
creased in patients with nonalcoholic fatty liver 
disease (NAFLD) and nonalcoholic steatohepa-
titis (NASH) compared with healthy controls [6]. 
These findings provided the rationale for the 
development of GLP-1 receptor agonist for the 
treatment of obesity, T2DM, and NAFLD. 

Though AN has been linked to obesity and insu-
lin resistance. And, disturbance in the secretion 
of GLP-1 has been observed in the states with 
impaired glucose regulation and obesity. How- 
ever, the mechanism underlying of AN is un- 
known. No studies have reported the total 
serum GLP-1 concentrations in Chinese pa- 
tients with obesity associated AN. We are won-
dering whether exist a difference of GLP-1 con-
centrations between the simply obesity and the 
obesity associated AN. Therefore, we compared 
the fasting total serum GLP-1 concentrations in 
patients with obesity associated AN with simple 
obese patients, and aimed to explore the mech-
anism of the obesity manifest AN. Furthermore, 
it may provide evidence for use of potential 
methods to change sensibility of GLP-1 for 
treatment of obesity associated with AN.

Methods

Subjects

This cross-sectional study enrolled 61 patients 
with obesity (age 18-53) from the outpatient 
Endocrinology and Metabolism clinic at Shang- 
hai Tenth People’s Hospital. The obese patients 
were divided into the following groups: simple 
obesity (OB, n = 34, BMI > 28 kg/m2) and obe-
sity associated AN (AN, n = 27, BMI > 28 kg/
m2). Obesity was defined as BMI > 28 kg/m2. 
The diagnosis of AN mainly clinically with histo-
pathology needed only for confirmation. The fol-
lowing quantitative scale of AN was applied in 
this study. Neck severity: 0-Absent: not detect-
able on close inspection; 1-Present: clearly pre- 
sent on close visual inspection, not visible to 
the casual observer, extent not measurable; 
2-Mild: limited to the base of the skull, does not 

extend to the lateral margins of the neck (usu-
ally < 3 inches in breadth); 3-Moderate: extend-
ing to the lateral margins of the neck (posterior 
border of the sternocleidomastoid, usually 3-6 
inches), should not be visible when the partici-
pant is viewed from the front; 4-Severe: extend-
ing anteriorly (> 6 inches), visible when the par-
ticipant is viewed from the front. Axilla: 0-Absent: 
not detectable on close inspection; 1-Present: 
clearly present on close visual inspection, not 
visible to the casual observer, extent not mea-
surable; 2-Mild: localized to the central portion 
of the axilla, may have gone unnoticed by the 
participant; 3-Moderate: involving entire axil-
lary fossa, but not visible when the arm is 
against the participant’s side; 4-Severe: visible 
from front or back in the unclothed participant 
when the arm is against the participant’s side 
[1]. Each subject with AN enrolled in this study 
had a score greater than 2. Exclusion criteria: 
1) malignant tumor; 2) previous use of gluco-
corticoids or nicotinic acid; 3) serious co-mor-
bid medical conditions such as liver and kidney 
disease; 4) serious endocrine or hereditary dis-
eases. This study was approved by the ethics 
committee of Shanghai Tenth People’s Hospital 
and all participants signed an informed con-
sent prior to participation in this study. The 
Clinical Trials registration Number is ChiCTR- 
OCS-12002381. 

Anthropometric measurements

Anthropometric measurements of participants 
including weight, BMI, and fraction of visceral 
fat measured with light clothes and without 
shoes using a simple anthropometric measur-
ing instrument (Omron HBF-358, Japan). The 
dates on which WC (measured at the level mid-
way between the lower rib margin and the iliac 
crest) and HC (measured at the level of anterior 
superior iliac spine) were measured and record-
ed. All these parameters were tested twice and 
the averages were used for analysis.

Oral glucose tolerance test and biochemical 
analyses

Fasting venous blood samples were collected 
after fasting for at least 8 hours after which bio-
chemical parameters including TC, TG, LDL-C, 
HDL-C), free fatty acids (FFA, UA, fasting plasma 
glucose (FPG), and insulin were determined. 
Additionally, a 75 g-OGTT was performed after 
measuring fasting glucose according to the 
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methods described by World Health Organi- 
zation (WHO) [7]. The HOMA-IR was calculated 
to estimate insulin resistance [8]. The following 
formula was used to calculate the HOMA-IR: 
HOMA-IR = fasting plasma glucose (mmol/L) × 
fasting plasma insulin (uU/mL)/22.5. Addition- 
ally, the fasting serum total GLP-1 (7-36 and 
9-36) concentrations were measured with an 
enzyme-linked immunosorbent assay (ELISA) 
kit (Millipore Corporation, Billerica, MA, USA). 

Body composition measurements 

Body fat mass and fat distribution of the sub-
jects with obesity were measured by dual- 
energy X-ray absorptiometry (DEXA) (Hologic 
QDR4500, USA) which is able to determine fat 
content and distribution with high accuracy. 
Data from DEXA included total fat%, total fat 
mass, total lean mass, upper limb fat, lower 
limb fat, trunk fat, trunk fat%, and head fat. 

Statistical analysis 

Statistical analysis was performed using SPSS 
software (version 17.0). All continuous values 
were presented as means ± standard deviation 
(
_
X±s) and the count data were expressed as 

the number of columns (n). Comparison of 
quantitative data was performed using a t-test. 
The correlation among different variables was 
analyzed using correlation analysis. Statistical 
differences were considered significant at when 
P < 0.05. 

Results

Baseline characteristics of patients

When compared with the OB group, patients in 
the AN group had higher weight, WC, HC, UA, 
HOMA-IR, and lower HDL-C levels. All baseline 
characteristics and metabolic parameters were 

Table 1. Physical and biochemical characteristics of the subjects
AN OB ALL

Number N = 27 N = 34 N = 61
M/F 13/14 10/24 23/38
Age, years old 27.80±9.59a 34.29±8.42 31.39±9.45
Weight, kg 100.53±21.29a 90.68±16.05 95.11±19.08
BMI, kg/m2 35.90±6.40 33.26±4.23 34.45±5.43
WC, cm 114.62±15.11a 105.45±10.85 109.54±13.60
HC, cm 115.68±12.48a 109.65±8.58 112.34±10.83
WHR 0.99±0.05 0.96±0.07 0.97±0.06
Visceral fat fraction 16.22±7.33 16.31±6.15 16.27±6.60
TCH, mmol/l 4.95±1.47 4.67±1.42 4.80±1.43
TG, mmol/l 1.57±0.58 1.70±0.76 1.65±0.68
HDL, mg/l 1.02±0.18a 1.15±0.20 1.10±0.20
LDL, mg/l 3.18±1.04 2.88±0.90 3.01±0.97
FFA, mmol/l 0.56±0.20 0.57±0.19 0.56±0.20
UA, umol/l 472.09±112.69b 336.60±83.02 411.53±109.29
FBG, mmol/l 5.79±1.43 5.44±1.14 5.60±1.28
FINS, mmol/l 40.59±20.54a 24.47±9.93 31.38±17.23
HOMA-IR 10.07±6.46a 6.19±2.82 7.87±5.07
Trunk fat, g 17536.31±4132.37 18475.96±3872.90 18076.61±3960.84
Trunk fat, % 40.04±4.32 43.22±5.97 42.03±5.57
Head fat, g 1814.51±274.72 1863.76±390.05 1845.30±348.28
Total fat, g 351680.28±7160.14 36390.48±6767.335 35900.64±6868.49
Total lean, g 54483.39±11482.42 52309.38±9072.09 53157.78±9998.83
Total fat, % 37.99±3.40 39.33±4.03 38.79±3.81
AN, obese group with acanthosis nigricans; OB, simple obese group; M/F, male/female; BMI, body mass index; TC, total cho-
lesterol; TG, triglyceride; HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein cholesterol; FFA, free fatty acids; 
UA, uric Acid; HOMA-IR, homeostasis model assessment-insulin resistance; vs. OB, aP < 0.05, bP < 0.01. Continuous data were 
described as means ± standard deviation. p-values < 0.05 were considered significant.
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shown in Table 1. OGTT results were shown in 
Figures 1 and 2. Compared with the OB group, 
the AN group showed higher insulin levels at 
three points (0 min, 30 min, and 60 min) (P < 
0.05) and with no significant difference at 120 
min and 180 min (P > 0.05). Insulin resistance 
was the more serious in the AN group as dem-
onstrated by HOMA-IR being higher in the AN 
group (P < 0.05) as shown in Figure 3.

Fasting GLP-1 concentrations 

AN group had higher GLP-1 concentrations 
than the OB group (P < 0.05) as shown in Figure 
4.

Correlation of GLP-1 levels with metabolic 
variables

We assessed the correlation of GLP-1 levels 
with metabolic variables to further analyze the 

relationship between serum GLP-1 levels with 
metabolic disorders as presented in Table 2. 
The results showed that the levels of GLP-1 
were positively correlated with plasma insulin 
measured at 30 min after OGTT, as well as TC 
and LDL in all patients with obesity (P < 0.05). 
The level of GLP-1 was significantly positively 
associated with LDL in AN group and was sig-
nificantly positively associated with TC in AN 
group (P < 0.05).

Discussion

AN affects localized areas of the skin in patien- 
ts with obesity and/or hyperinsulinemia. The 
effects of topical and cosmetic treatments are 
limited [9]. The improvement in AN by oral reti-
noids (isotretinoin and acitretin) requires large 
doses and extended courses and recurrences 
have been described [10]. Treatment with met-
formin for six months reduces hyperinsuline- 
mia, body weight, and fat mass and improves 

Figure 1. Comparison of blood glucose level. AN: 
Obese group with acanthosis nigricans. OB: Simple 
obese group. 

Figure 2. Comparison of insulin levels. AN: Obese 
group with acanthosis nigricans. OB: Simple obese 
group. 

Figure 3. Comparison of insulin resistance. AN: 
obese group with acanthosis nigricans. OB: simple 
obese group. 

Figure 4. Comparison of GLP-1 concentrations. AN: 
obese group with acanthosis nigricans. OB: simple 
obese group. 
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Table 2. Correlation analysis of GLP-1 concentrations

Variables
AN OB All subjects

Correlation index P-value Correlation index P-value Correlation index P-value
Weight 0.010 NS 0.341 NS 0.124 NS
BMI -0.138 NS 0.173 NS 0.062 NS
WC -0.023 NS 0.002 NS 0.019 NS
HC -0.083 NS 0.172 NS 0.059 NS
Visceral fat fraction 0.333 NS 0.149 NS 0.101 NS
Blood glucose 
    (OGTT: 0 min) -0.180 NS -0.051 NS -0.087 NS
    (OGTT: 30 min) 0.005 NS -0.016 NS -0.022 NS
    (OGTT: 60 min) -0.218 NS -0.048 NS -0.054 NS
    (OGTT: 120 min) -0.275 NS -0.220 NS -0.105 NS
    (OGTT: 180 min) -0.259 NS -0.171 NS -0.113 NS
Plasma insulin 
    (OGTT: 0 min) 0.141 NS 0.275 NS 0.280 NS
    (OGTT: 30 min) 0.261 NS 0.004 NS 0.375 0.020
    (OGTT: 60 min) 0.205 NS 0.204 NS 0.309 NS
    (OGTT: 120 min) 0.028 NS 0.102 NS 0.153 NS
    (OGTT: 180 min) -0.037 NS 0.106 NS 0.286 NS
HOMA-IR 0.126 NS 0.180 NS 0.212 NS
TC 0.251 NS 0.385 0.048 0.300 0.043
TG 0.221 NS 0.053 NS 0.032 NS
HDL 0.272 NS 0.376 NS 0.267 NS
LDL 0.487 0.022 0.174 NS 0.304 0.043
FFA -0.270 NS 0.028 NS -0.269 NS
UA 0.001 NS 0.205 NS 0.131 NS
Trunk fat 0.267 NS 0.146 NS 0.243 NS
Trunk fat% -0.177 NS 0.065 NS 0.172 NS
Head fat -0.285 NS 0.072 NS -0.120 NS
Total fat 0.163 NS 0.114 NS 0.120 NS
Total lean 0.188 NS 0.200 NS 0.060 NS
Total fat% -0.191 NS 0.031 NS 0.113 NS
AN, obese group with acanthosis nigricans; OB, simple obese group; BMI, body mass index; WC, waist circumference; HC, hip 
circumference; OGTT, oral glucose tolerance test; HOMA-IR, homeostasis model assessment-insulin resistance; TC, total cho-
lesterol; TG, triglyceride; HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein cholesterol; FFA, free fatty acid; 
UA, uric acid; NA, not assessed; NS, non-significant. p-values < 0.05 were considered significant.

insulin sensitivity in very obese subjects with 
insulin resistance and AN [11]. However, a pre-
vious study compared the efficacy of 12-weeks 
of treatment with metformin versus rosigli-
tazone for AN lesions of the neck with results 
showing no effect on the severity of AN; only 
modest improvements of skin texture occurred 
in both groups [3]. The underlying mechanism 
of AN is not sufficiently understood.

GLP-1 is an incretin hormone secreted from L 
cells in the gastrointestinal tract and has be- 
neficial effects on glucose-dependent insulin 

responses, lowering glucagon secretion and 
reducing appetite [12-15]. GLP-1 has a role in 
the development of obesity partly due to its 
effects on appetite and food intake, and there 
is a reduced secretion of GLP-1 in obesity [16]. 
Impaired GLP-1 responses after food intake is 
associated with insulin resistance in non-dia-
betic men, and the area under the curve (AUC) 
of GLP-1 during the first hour was correlated 
significantly with insulin sensitivity (r = 0.47, P < 
0.01) [17]. Additionally, insulin resistance but 
not obesity is an independent predictor of the 
decreased GLP-1 response [17]. The postpran-
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dial GLP-1 response was lower in nine obese 
subjects (BMI 42±4 kg/m2) compared to nor-
mal-weight controls [18]. Previous studies have 
also suggested that obese individuals have 
lower GLP-1 secretion in response to food 
intake compared with lean individuals [19, 20]. 
However, the secretion of GLP-1 did not increase 
after weight loss [19]. Another study showed 
that GLP-1 responses were the same in obese 
and lean healthy subjects [21]. Another study 
found no significant difference in fasting GLP-1 
concentrations between overweight/obese and 
normal weight individuals which suggested that 
the decreased GLP-1 secretion in obesity is not 
a consistent finding [22]. Obesity is caused by  
a chronic energy surplus which leads to the 
excessive accumulation of adipose tissue. A 
3-day overfeeding study enrolled 21 subjects 
and showed GLP-1 was unchanged [23]. A 
study in 26 healthy Danish young men who 
were overfed a high fat diet for five days also 
found no significant change in fasting circulat-
ing GLP-1 [24]. A small study also reported no 
significant difference in GLP-1 concentrations 
after overfeeding which increased body weight 
by 5% [25]. However, one study observed a sig-
nificant increase in serum GLP-1 after 7 days  
of an overfeeding diet in seventy-two young 
healthy men which suggested GLP-1 secretion 
could increase in response to a positive energy 
challenge and serve a protective role which 
counteracts energy surplus [22]. Thus, GLP-1  
is involved in energy homeostasis in addition  
to facilitating the glucose-dependent insulin 
response. In the current study, we compared 
the fasting serum GLP-1 concentrations in 
Chinese obesity associated AN patients with 
simply obesity. The most important finding was 
that GLP-1 concentrations were significantly 
higher in the AN group than the OB groups. As 
the patients in AN group had higher weight, WC, 
and HOMA-IR when compared to OB group, we 
assumed higher GLP-1 concentrations in the 
AN group were a homeostatic protective mech-
anism to improve the energy surplus in obesity-
associated AN patients with higher body weights 
and insulin resistance. That means higher 
GLP-1 levels may be a compensate outcome of 
insulin resistance which was closely related to 
AN. 

Obesity associated AN may result in more 
severe lipid metabolic dysfunction, inflamma-
tion, and insulin resistance. This study also 
found that when compared with the OB group, 

the patients in the AN group had higher weight, 
WC, HC, UA, and HOMA-IR but lower HDL-C lev-
els. To explore the blood glucose and insulin 
levels in AN patients, we performed 75-g oral 
glucose tolerance tests. Individuals with AN had 
higher fasting insulin levels and HOMA-IR which 
indicated more insulin resistance when com-
pared to the OB groups. Increased GLP-1 con-
centrations in the AN group could explain the 
higher insulin concentrations and the increased 
prevalence of hyperinsulinemia-associated dis-
orders in obesity with AN. Thus, taken together, 
we concluded that obesity-associated AN sub-
jects with higher circulating serum GLP-1 had a 
less favorable lipid profile (including lower HDL 
levels), inflammation state (higher UA), and mo- 
re insulin resistance (increased HOMA-IR). We 
also suggest that the increase in GLP-1 was a 
compensatory response for the increase in 
serum lipids and insulin. Therefore, administra-
tion of GLP-1 receptor agonists can lead to a 
beneficial change in lipid metabolism and insu-
lin resistance [26, 27].

Previous studies have found that GLP-1 con-
centrations are correlated with the percent of 
gynoid fat in overweight/obese individuals [22]. 
In this study, GLP-1 concentrations had no sig-
nificant correlation with total fat mass, total fat 
percent, fat distribution such as trunk fat, trunk 
fat percent, or head fat in the OB plus AN group. 
Luis et al [28] found that fasting GLP-1 was 
negatively associated with HDL-C. Additionally, 
a study found that individuals with metabolic 
syndrome with high GLP-1 levels are at greater 
risk for cardiovascular disease as there is a sig-
nificant interaction between circulating GLP-1 
and HDL-C, TG, and serum UA [29]. A previous 
study has shown that fasting serum GLP-1 con-
centrations are negatively correlated with HDL-C 
and positively correlated with TG and markers 
of insulin resistance in the overweight/obese 
group [22]. Circulating fatty acids could be 
responsible for the GLP-1 response [30]. How- 
ever, free fatty acids (FFA) levels did not influ-
ence meal-induced GLP-1 secretion in both dia-
betic and non-diabetic subjects [31]. In this 
study, we confirmed the relationship between 
GLP-1 and markers of glucose-lipid metabolism 
and insulin resistance. The level of GLP-1 was 
significantly positively associated with LDL in 
AN group and was significantly positively associ-
ated with TC in AN group. GLP-1 was positively 
correlated with TC and LDL-C in AN plus the OB 
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group. More studies are warranted to elucidate 
the role of GLP-1 in glucose-lipid metabolism.

There are some limitations in this study. Firstly, 
we only investigated the GLP-1 concentrations 
in Chinese subjects who were 18-53 years old. 
Therefore, more studies are needed in different 
age ranges and ethnic groups. Secondly, the 
number of patients in this study was relatively 
small. Thus, further large-scale studies assess-
ing the GLP-1 concentrations in different types 
of obesity are warranted. Additionally, only total 
fasting serum GLP-1 was measured in this 
study. Active GLP-1 has a very short half-life and 
is quickly degraded by DPP-4 and therefore vary 
from total GLP-1 levels. Thus, dipeptidil pepti-
dase activity and levels should have been test-
ed. Also GLP-1 concentrations are varied in 
response to different kinds of macronutrient 
composition and food intake. Thus, active 
GLP-1 levels and postprandial GLP-1 concen-
trations will need to be measured in future 
studies. At last, as the sample of AN patients 
without obesity is relatively limited at present. 
We did not determine the GLP-1 levels on them. 
Thus, the GLP-1 levels on patients who have AN 
without obesity should be tested in the further 
studies.

Conclusion

Our study investigated the fasting total serum 
GLP-1 concentrations in Chinese patients with 
simply obesity and the obesity associated AN, 
and the results showed that the GLP-1 concen-
trations were higher in the AN group. We con-
cluded that GLP-1 can potentially act as a pro-
tective mechanism to counteract dysfunctional 
lipid metabolism and insulin resistance in obe-
sity associated AN. 
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