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ABSTRACT
Introduction: Recognition of Acanthosis nigricans (AN) provides 
important opportunities for screening of obesity syndrome, 
dyslipidemia, hypertension and insulin resistance with diabetes 
mellitus 2. Considering the high prevalence of obesity among 
Iranian children, we designed this study to estimate the 
prevalence of AN and related laboratory factors in Iranian obese 
children.

Materials and Methods: Seventy-one obese children were 
enrolled in this study. Diagnosis of AN was done by clinical 
examination. Body mass index (BMI), fasting blood sugar, 
total cholesterol, triglycerides (TG), alanine aminotransferase, 
aspartate aminotransferase (AST), alkaline phosphatase, 
high- and low-density lipoprotein cholesterol, insulin, thyroid-

stimulating hormone, free thyroxin (fT4), calcium, phosphorus 
and 25-hydroxyvitamin D were measured with routine techniques. 
Collected data were compared between cases with AN and 
without AN. Independent t-test was used for comparison of 
variables.

Results: Twenty-five of children were female (35.2%). Forty-
eight children (67.6%) had AN. In 20 cases (28.2%), homeostasis 
model assessment-insulin resistance (HOMA-IR) was <2.5 and 
in 51 (71.8%), HOMA-IR was more than 2.5. Mean BMI, insulin, 
HOMA-IR, TG and AST levels were significantly higher in cases 
with AN.

Conclusion: Obese children with AN are at risk of developing 
diabetes. Hence early identification of this feature and precise 
evaluation of children is recommended.
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INTRODUCTION
Acanthosis nigricans (AN) is characterized by thickening and 
darkening of the skin, especially at the nape of neck, elbow, 
knee and knuckles  [1-3]. AN is caused by factors that stimulate 
epidermal keratinocyte and dermal fibroblast proliferation. In the 
benign form of AN, the factor is insulin or an insulin-like growth 
factor (IGF) [4]. AN  is most commonly associated with obesity. 
Obesity causes insulin resistance and hyperinsulinemia leads to 
obesity-related AN  [5]. Relationship of AN with hyperinsulinemia 
has led to evaluations and precise follow-up of affected cases for 
type 2 diabetes [6-8].

The exact prevalence of AN is unknown. Some studies had reported 
the different prevalence of the AN in different regions of the world, 
for example, one study had reported 7% in unselected populations 
in Galveston, Texas, the United States and another study had 
reported 74% in obese people in Dallas, Texas, the United States 
[9,10]. The prevalence of AN in an urban population in Sri Lanka 
was reported 17.4% [11]. The prevalence of AN in New Mexico 
was 49.2% in obese adolescents compared with 7.7% in those 
who were not obese [12].

AN helps to identify individuals at high risk of developing the obesity 
syndrome, dyslipidemia, hypertension and insulin resistance with 
diabetes mellitus 2. Hence, recognition of AN provides important 
opportunities for health screening and prevention of diseases [13].

Considering the high prevalence of overweight (9.27%) and obesity 
(3.22%) among Iranian children [14-16] and few related studies to 
AN on Iranian children, we designed this study to estimate the 
prevalence of AN and related factors in Iranian obese children.

MATERIALS AND METHODS
This cross-sectional study was conducted in a children medical 
center (tertiary center affiliated by Tehran University of Medical 
Sciences), between August 2014 and March 2015.

For calculation of sample size with assuming, a prevalence of 49% 
of AN in obese children [12], d=0.12 (considering our time and 

financial restrictions), α=0.05 and a power of 0.80, sample size 
was calculated as 70.

All parents were asked to fill informed consent forms before the 
study. The study had been approved by Local Ethics Committee.

Inclusion criteria included Iranian children aged 4-13  years with 
body mass index (BMI) ≥95th  percentile considering age and 
gender specific BMI.

Exclusion criteria included consumption of any medications that 
promote hyperinsulinemia and AN may appear as an adverse 
effect of them such as systemic glucocorticoids [17], systemic 
liver or kidney diseases and endocrine disorders such as diabetes, 
hypothyroidism, Cushing disease and history of cancer.

An expert pediatrician measured height and weight (each of them 
three times and then calculated the mean of each item). Using 
a tape measure in a standing position with bare feet and seca 
scales, weight and height were measured. Then, BMI (weight 
[kg]/height [m2]) was calculated. Diagnosis of AN was done by 
visually examined each child’s neck and axilla head and neck 
region, armpits, breasts, elbow, groin, knees and knuckles for the 
presence of AN by an expert pediatrician. AN was identified by the 
presence of dark, thick, velvety and pigmented skin in the region 
that was mentioned [12].

Fasting blood samples (5 cc) were collected after 12 h fasting 
and then centrifuged and stored in −20°C. fasting blood sugar, 
total cholesterol, triglycerides, Alanine Amino Transferase (ALT), 
Aspartate Amino Transferase (AST), Alkaline Phosphatase (ALP), 
High-Density Lipoprotein (HDL) Cholesterol and Low-Density 
Lipoprotein (LDL) cholesterol, insulin, thyroid-stimulating hormone 
and free thyroxin, calcium, phosphorus and 25-hydroxyvitamin 
D were measured with routine techniques. Collected data were 
compared between cases with and without AN.

All data were analyzed using SPSS software version  20 (SPSS 
Inc., Chicago, IL, USA). Data were presented as mean±SD for 
continuous or frequencies for categorical variables. Independent 
sample t-test was used for comparison of continuous variables. 
A p<0.05 were considered as significant.
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Basic characteristics Normal range Mean±SD Without acanthosis With acanthosis p value

Gender
Male ‑ 25 6 (26.1%) 19 (39.6%) 0.2
Female ‑ 46 17 (73.9%) 29 (60.4%)

BMI BMI<85th percentile considering age and gender 26.4±3.5 24.6±3.1 27.3±3.3 0.002
FBS (mg/dl) 70‑105 94±6 93.6±5.6 94.5±6.7 0.5
Insulin (uU/ml) 1.1‑17 22.9±16.3 14.1±7.6 27.1±17.6 <0.001
HOMA‑IR <2.5 5.3±3.7 3.2±1.8 6.2±4 <0.001
HOMA‑IR

<2.5 12 (52.2%) 8 (16.7%) 0.002
>2.5 11 (47.8%) 40 (83.3%)

TG (mg/dl) 35‑135 143±69 116±44 156±76 0.006
Cholesterol (mg/dl) Child: 120‑200

Adult: 150‑200
185±29 185±25 185±31 0.9

HDL (mg/dl) >34 46±11 50.1±14 44.7±9.5 0.06
LDL (mg/dl) Dessirbale: 13

Moderate risk: 130‑159
High risk>160

109±26 105.6±20.1 111.1±29.1 0.4

AST (unit/L) Up to 37 28±12 24±7 30.4±14.6 0.01
ALT (unit/L) Up to 40 29±24 33.1±38 27.5±13.3 0.3
ALP (IU/L) 180‑200 686±143 683.2±151 687±141 0.9
TSH 1‑6 days: 0.7‑15.2

2‑20 weeks: 1.7‑9.1
Adult: 0.3‑5

2.7±1.1 2.7±1 2.8±1.1 0.6

fT4 (ng/dl) 0.8‑2 9.5±1.6 9.8±1 9.4±1.8 0.2
Vitamin D Less than 10 nM=deficiency,

Between 10 and 29 nM=insufficiency,
Between 30 and 100 nM=sufficient

11±6.5 9.8±4.6 11.6±7.3 0.2

Calcium (mg/dl) 8.6‑10.3 9.7±0.45 9.7±0.3 9.8±0.4 0.6
Phosphorus (mg/dl) >14 years: 2.7‑4.5<14 years: 4.7‑6.7 5±0.6 5.2±0.4 4.9±0.6 0.06
SBP SBP<90th percentile considering age, gender and height 105 106±7 107±9 0.4
DBP DBP<90th percentile considering age, gender and height 65 63±10 65±10 0.2

[Table/Fig‑1]: Basic characteristics and laboratory findings of all patients.
Abbreviations: BMI: Body mass index, FBS: Fasting blood sugar, HOMA‑IR: Homeostasis model assessment‑insulin resistance, TG: Triglycerides, HDL: High‑density 
lipoprotein, LDL: Low‑density lipoprotein, ALP: Alkaline phosphatase, TSH: Thyroid‑stimulating hormone, fT4: Free thyroxin, SBP: Systolic blood pressure, DBP: Diastolic 
blood pressure. Significant P value is 0.05

RESULTS
Seventy-one children who were considered as obese were enrolled 
in this study. Twenty-five were female (35.2%). Mean age of children 
was 9.3±2 year and mean height and weight was 141.4±12.5 cm 
and 54±14.8 kg, respectively.

Forty-eight children had AN (67.6%). From who had AN, 33 (68.7%) 
children had only hyperpigmented thickening of skin over the nape 
of neck, 13  (27.1%) children had neck and axillae involvement 
and 2  (4.2%) had papillomatous formation with hyperpigmented 
thickening of skin neck and axillae skin.

Three children had hypertension (4.2%). [Table/Fig-1] shows basic 
characteristics and laboratory findings of all patients.

Thirteen cases (18.3%) had higher AST level and 7  (9.9%) had 
higher ALT level while ALP levels were in normal range in all cases. 
Sixty-four had normal calcium value while 7  (9.9%) had higher 
calcium values.

Forty-seven (66.2%) cases had vitamin D deficiency, 23  (32.4%) 
had vitamin D insufficiency and one case (1.4%) had vitamin D 
sufficiency.

In 20  cases (28.2%), homeostasis model assessment-insulin 
resistance (HOMA-IR) was <2.5 and in 51 (71.8%) HOMA-IR was 
more than 2.5.

Mean BMI, insulin, HOMA-IR, TG and AST levels were significantly 
higher in cases with AN [Table/Fig-1].

DISCUSSION
According to the results of this study, the prevalence of Iranian 
obese children was 67%. In a previous study which was conducted 
in China, frequency of AN was reported as 54% in Chinese obese 
children [18]. In another study conducted by Shalitin et al., AN 
was reported to be present in 56% of obese children in Israel [19]. 
Zambon et al. reported AN in 58% of overweight children and 
adolescents [20], while Mukhtar et al. reported prevalence of AN 
was 49.2% in adolescents with obesity in New Mexico [12].

Similar to Stuart et al. and Ng et al.’s findings in this study, the 
development of AN was not significantly different between male 
and female cases [9,18], which is also in agreement with Kluczynik 
et al.’s findings [21].

We also found that mean HOMA-IR, which is a simple, validated 
and practical marker of insulin resistance, was significantly higher 
in cases with AN. The frequency of values of HOMA-IR above the 
cutoff point (2.5) was significantly higher in AN group. HOMA-IR is 
a physiological estimate of glucose homeostasis, which is related 
with glycemic clamp in nondiabetic patients [22]. There is no 
consensus on the cutoff point value of HOMA-IR in children. In 
some studies, 2.5 is the accepted value and in others 4 is accepted 
cutoff point [23].

Identifying cases who are at risk of diabetes is important, as 
obesity and diabetes are increasing worldwide and adopting 
health programs in childhood will prevent occurrence of diabetes 
in adulthood.

Literatures show that presence of AN is associated with obesity, IR, 
type 2 diabetes and the metabolic syndrome [24,25]. It is considered 
that obesity alone is not a risk factor for AN development, while 
hyperinsulinemia by activating IGF-1 receptors leads to proliferation 
of the epidermis [26].

Mean values of BMI, TG and AST levels were significantly higher in 
cases with AN in our study, which is in agreement with Kluczynik 
et al.’s findings [21]. In their study, mean BMI was significantly 
different between AN and non-AN group, while mean SBD, DBP, 
triglyceride and HDL were not significantly different between two 
groups. Ng et al. investigated significantly higher values of BMI, 
HDL, TG, SBP and ALT in AN cases [18], while in this study, only 
mean values of TG and AST were significantly different between 
AN and non-AN groups.

High level of triglyceride and low level of HDL are characteristics 
of metabolic syndrome in children and adolescents [27]. On the 
other hand, high triglyceride levels and the IR index (HOMA-IR) are 
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considered as predisposing factors of intima-media thickness in 
children, which is used as a noninvasive measure of subclinical 
atherosclerosis [28].

We found that only AST level was significantly higher in AN 
cases and as a limitation of this study, we had no report of liver 
ultrasound.

Sartorio et al. claimed that ALT level is not an enough marker 
for NAFLD (Non-Alcoholic Fatty Liver Disease) diagnosis and its 
sensitivity for predicting NAFLD was 41% [29].

LIMITATION
Absence of findings of ultrasound is one of the limitations of this 
study. Other limitations include conduction of the study in a tertiary 
hospital and limited number of patients. Multicenter studies with 
larger sample sizes are recommended.

CONCLUSION
Obese children with AN are at risk of developing diabetes. Hence, 
identification of this symptom and precise evaluation of children with 
this symptom is recommended at early stage so that occurrence of 
disease can be prevented.
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