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Acanthosis nigricans (AN) has been recognized as a marker of insulin
resistance and diabetes mellitus. We have compared frequency of race
and metabolic disturbances in obese women with several degrees of
AN (AN group, N = 190) to a group without AN (non-AN group, N =
61) from a mixed racial population. The groups were similar regarding
age and body mass index. All patients (except the diabetic patients)
underwent an oral glucose tolerance test (75 g). The racial distribution
of this population was 35.1% white, 37.8% mulatto and 27.1% black
and the frequency of AN was 62.5, 82.1 and 83.8%, respectively,
higher in black versus white (P = 0.003) and mulatto versus white (P
= 0.002) women. The frequencies of diabetes mellitus and impaired
glucose tolerance were 5.8 and 12.6% in the AN group and 1.6 and
8.2% in the non-AN group, respectively (P>0.05). Fasting glucose, ß
cell function determined by the homeostasis model of assessment
(HOMA), fasting insulin and insulin area under the curve were similar
for the AN and non-AN groups. A higher HOMA insulin resistance
was observed in the AN group compared to the non-AN group (P =
0.02) and in the subgroup of highest degree of AN compared to those
with other degrees. The mean lipid levels and the frequency of
dyslipidemia were similar for the two groups. AN was strongly
associated with the black or mulatto rather than the white race, even
after taking into account the effect of age, body mass index and
HOMA insulin resistance.

Introduction
Acanthosis nigricans (AN) is a cutaneous
abnormality characterized by a hyperpigmented velvety cutaneous thickening that
can occur on any part of the body: axillae,
nape and sides of the neck, the groin, antecubital and popliteal surfaces, umbilical area
and even mucosal surfaces. Both hyperpig-
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mentation and papillomatosis are usual on
the skin but papillomatosis is more common
on the mucosal surface (1).
AN is frequently associated with obesity,
endocrinopathies, malignancy, genetic syndromes and the use of some drugs (1-16).
Obesity is the most common benign metabolic condition associated with AN in addition to hyperinsulinism and insulin resisBraz J Med Biol Res 35(1) 2002
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tance. Other metabolic conditions such as
diabetes mellitus and impaired glucose tolerance and some other clusters of metabolic
syndromes such as dyslipidemia, polycystic
ovary and arterial hypertension could also be
associated. Several other endocrine diseases
are also associated with AN: acromegaly,
hyperprolactinemia, Cushings syndrome,
hirsutism, hyperthyroidism, hypothyroidism,
Addisons disease, and lipoatrophic diabetes (8). Some of these conditions are also
associated with obesity and insulin resistance.
Several investigators have described
the prevalence of AN in small groups of
obese patients and some of them have shown
increased fasting insulin levels in patients
with AN compared to patients without AN
(8,10-12). Insulin resistance was evaluated
in few reports. In a larger study of 137
Mexican Americans with AN, Burke et al.
(16) suggested a quantitative scale of AN
and showed a strong association of this scale
with fasting insulin and body mass index
(BMI). They also described an association
with elevated fasting glucose and low HDLcholesterol in non-diabetic patients and with
elevated cholesterol levels only in diabetic
subjects.
In the present investigation, we studied
insulin secretion in response to glucose overload, insulin resistance and lipid profile in
obese women from a mixed racial population with and without AN to determine if AN
is associated with race, insulin resistance
and higher frequency of metabolic disturbances.

Material and Methods
A total of 251 obese women (BMI from
30.3 to 71.9 kg/m2) from an obesity outpatient clinic who were seeking obesity treatment were enrolled consecutively prior to
being placed on a diet. All patients with
chronic diseases or taking medication that
would change glucose tolerance or induce
Braz J Med Biol Res 35(1) 2002

AN were excluded. This research was approved by the Prof. Edgard Santos Hospital
Ethics Committee and the participants gave
informed consent.
AN was identified and classified according to the following scale: 0, no AN; 1+, fine
verrucous plaques with or without pigmentation in the neck or axillae; 2+, coarse verrucous plaque with or without pigmentation
in the neck or axillae; 3+, coarse verrucous
plaque with or without pigmentation on the
neck or axillae, on the trunk and on one pair
of extremities, and 4+, more severe than the
last one, involving more than one pair of
extremities or on mucosal membranes (11).
One of the authors (L.M.B.A.) plus a second
examiner observed all patients.
The women were from Salvador, Bahia,
Northeastern Brazil, where there is a mixed
race population, mostly black and mulatto of
African American ancestry. Their race was
determined based on phenotype appearance
and skin color according to Krieger et al.
(17).
All patients underwent an oral glucose
tolerance test (75 g). Plasma glucose was
measured by the glucose-oxidase method
and serum insulin by radioimmunoassay 0, 1
and 2 h after the glucose load. The patients
were classified as diabetic or as having impaired glucose tolerance according to World
Health Organization criteria (18).
Serum levels of total cholesterol, HDLcholesterol, and triglycerides were determined with an auto-analyzer (Vitalab,
Selectra, Merck KGaA, Darmstadt, Germany), with standard enzymatic procedures.
The insulin area under the curve (AUC)
of the oral glucose tolerance test (0-2 h) was
calculated by the trapezoidal method. The ß
cell function (HOMA ß cell) and the insulin
resistance (HOMA IR) were evaluated with
a homeostasis model of assessment (19):
HOMA ß cell = (insulin µU/ml *20)/
fasting glucose (mmol/l) - 3.5
HOMA IR = [insulin µU/ml x fasting
glucose (mmol/l)]/22.5
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Statistical analysis

Statistical analysis was performed using
the Epi-Info software, version 6.0. The
Student t-test was applied to normally distributed data and analysis of variance (MannWhitney and Kruskal-Wallis tests) to other
data distributions. For proportion analysis,
the Epi-Table calculator was used. The differences were considered to be statistically
significant when P£0.05.
Logistic regression was performed using
the Statistical Package for the Social Sciences (SPSS, version 9.0). BMI and HOMA
insulin resistance were normalized using
logarithmic transformation. AN was recorded
as presence or absence of the attribute.
The five subgroups of AN were compared with the other variables by ANOVA
adjusted for multiple comparison (Bonferroni).

Results
Clinical characteristics, fasting glucose

and insulin levels, insulin AUC and HOMA
insulin resistance of the patients according
to the degree of AN are presented in Table 1.
Age, BMI and waist diameter were similar
for the AN and non-AN groups.
The AN group had similar fasting glucose, ß cell function, fasting insulin levels
and insulin AUC when compared with the
non-AN group. Only HOMA insulin resistance was significantly higher in the AN
group as compared to the non-AN group (P =
0.02).
Fasting glucose levels among subgroups
of AN were similar. Fasting insulin levels
were higher in subgroup 4 of AN than in
subgroup 1 (P = 0.04). HOMA insulin resistance was significantly higher in subgroup
4 of AN compared to all other subgroups
(Table 1).
Seventy-six percent of the whole group
had AN. The race distribution was 35% white,
38% mulatto and 27% black obese women.
The frequency of AN in black (83.8%) and
mulatto (82.1%) women was higher than in
white women (62.5%) (P = 0.003 and 0.002,

Table 1. Clinical and metabolic parameters for the groups of obese women.
Grade of acanthosis nigricans
0
(N = 56)
Age (years)
BMI (kg/m2)
Waist (cm)
Fasting glucose (mmol/l)
Fasting insulin (pmol/l)
Insulin AUC
(pmol l-1 0-2 h-1)
HOMA IR
HOMA ß cell
Total cholesterol (mmol/l)
HDL-cholesterol (mmol/l)
Triglycerides (mg%)

1
(N = 82)

2
(N = 69)

37
38
102
4.8
116
396

±
±
±
±
±
±

9
8
12
0.8
69
240

35
39
103
4.8
111
378

±
±
±
±
±
±

9
6
12
0.9
80
258

36
41
106
5.0
114
414

±
±
±
±
±
±

4.1
494
4.8
1.16
119

±
±
±
±
±

2.4
327
1.1
0.33
43

4.2
460
4.8
1.15
124

±
±
±
±
±

3.8
4.3 ±
302
465 ±
0.9
4.8 ±
0.36 1.19 ±
56
114 ±

9
7
12
1.0
70
336

3
(N = 28)
34
42
107
4.8
118
438

±
±
±
±
±
±

2.8
4.2 ±
306
489 ±
1.3
4.5 ±
0.26 1.12 ±
52
112 ±

10
6
12
0.6
62
222

P
4
(N = 11)
34
42
109
5.4
180
492

±
±
±
±
±
±

2.3
7.5 ±
266
649 ±
1.0
4.9 ±
0.31 1.17 ±
53
141 ±

9
8
11
0.9
94*
240

0.83
0.12
0.56
0.20
0.08
0.65

4.8**#
310
1.1
0.30
69

0.02
0.40
0.62
0.74
0.57

Data are reported as means ± SD. BMI, body mass index; AUC, area under the curve; HOMA, homeostasis
model of assessment; IR, insulin resistance; HDL, high-density lipoprotein.
*P<0.05, grade 1 vs grade 4;
**P<0.01, grade 0.1 or 2 vs grade 4;
#P<0.05, grade 3 vs grade 4 (ANOVA).
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respectively). Figure 1 shows these data.
AN was 2.5 times (95% CL: 1.2-5.2)
more frequent in the mulatto race than in the
white race. This difference increased to 4.1
times (95% CL: 1.7-9.4) when black women
were compared to white women after adjusting for BMI, age and HOMA insulin resistance. BMI and age were significantly associated with AN (P = 0.004) but HOMA
insulin resistance was not (P = 0.54).
The frequencies of diabetes mellitus and
impaired glucose tolerance were 5.8 and
12.6% and tended to be higher in patients
with AN than in patients without AN (1.6
and 8.2%, respectively), although the differences were not significant.
The mean total cholesterol, HDL-cholesterol and triglyceride levels were similar for
the group with AN and the group without
AN. The frequencies of total cholesterol levels ³200 mg% (28.8 and 27.9%, AN and
non-AN group, respectively), HDL-cholesterol levels <35 mg% (16.8 and 14.8%) or
triglyceride levels ³200 mg% (8.4 and 6.6%)
were similar.

Discussion
AN has been considered a marker of
insulin resistance and a risk factor for type 2
diabetes mellitus, especially in young adults
Figure 1. Relative frequency (%)
of various grades of acanthosis
nigricans according to race.
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12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
White
(N = 88)

123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
Mulatto
(N = 95)

Grade 0

123
123Grade 1

Grade 3

Grade 4

12
12
12
12
12
12
12
12
Black
(N = 88)
Grade 2

(2-9,12,14,15). In the current study, a stronger association with AN was observed in
black and mulatto women than in white obese
women of a mixed race population. In contrast, HOMA insulin resistance was not associated with the AN group in multivariate
analysis.
Hud et al. (11) have described higher
fasting insulin levels in 25 obese women
with AN in contrast to 9 without AN but this
increase was not significant. Stuart et al. (10)
studied fasting insulin levels in 1412 obese
children and showed a good correlation between fasting insulin concentration and the
severity of AN. Matsuoka et al. (8) observed
elevation of fasting glucose in 42% of 26
patients with endocrine and dermatological
diseases and with AN. They also showed
increased levels of fasting insulin and most
of them had an exaggerated peak of insulin
secretion in response to glucose overload. In
contrast, another author did not find an increase in insulin response to glucose in
women with polycystic ovaries and with AN
versus patients without AN (7).
The present study has also shown higher
HOMA insulin resistance in the subgroup
with the highest degree of AN compared to
the non-AN group or to the other subgroups.
Insulin resistance, diabetes mellitus or impaired glucose tolerance, low LDL-cholesterol and high triglycerides are the best markers of metabolic syndromes. In our study, all
patients were obese and the frequency of
diabetes mellitus (5.8%) and impaired glucose tolerance (12.6%) tended to be higher
in the AN group although lipid profiles were
similar. In a study on 89 African Americans,
Stuart et al. (13) observed non-insulin-dependent diabetes mellitus in 20% of the subjects with AN. Nearly a two-fold higher
prevalence was observed in African Americans compared with US whites. It was suggested that AN would identify a subset with
a higher risk to develop non-insulin-dependent diabetes mellitus. Burke et al. (16) have
studied 137 Mexican Americans from the
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San Antonio Texas Family Diabetes Study
or from the San Antonio Texas Family Heart
Study of both sexes compared to 269 individuals without AN, all submitted to the oral
glucose tolerance test. According to American Diabetes Association criteria, they found
type 2 diabetes in 27% patients of the AN
group versus 19.7% in the non-AN group but
the AN group subjects were younger and
included many more obese subjects (89 versus 52.4%) than the non-AN group. They
observed no differences in total cholesterol
and triglyceride levels between the groups,
as also observed in the present study. They
also showed that an elevated degree of AN
was associated with higher fasting insulin
and 2-h glucose after the oral glucose tolerance test, with low HDL-cholesterol and
diastolic blood pressure in non-diabetic subjects but with a higher total cholesterol, only
in diabetic patients. These higher frequencies of metabolic abnormalities in comparison to our data may be related to ethnic,
nutritional or environmental factors.
In the present report, a global prevalence
of AN was shown in 76% of the obese
women, similar to the 74% value reported by
Hud et al. (11) whose study included 56% of
black obese women. A higher AN prevalence in black obese women compared with
white (85 and 57%, respectively) was also
shown. A higher degree of AN in blacks and
mulattos was observed. Some authors emphasize the black race as one important determinant factor for AN (12). Stuart et al.
(10) have found a much lower frequency of
AN (7.1%) in 1412 obese children of white,
black and Hispanic extraction, but only 27%
of them were obese. They observed an AN
frequency of 0.5% in white, 5.7% in Hispanic and 13.3% in African American subjects. In 110 African American adults, Stuart
et al. (13) observed a 77% frequency of AN.
Barbiere et al. (3) described increased

androgen production, insulin resistance and
AN, or hyperandrogenemia insulin resistance-AN syndrome in women with ovarian
or adrenal tumors, congenital or adrenal hyperplasia, and gonadal dysgenesis. In these
cases, chronic hyperinsulinemia may stimulate the increased ovarian androgen secretion and epidermis proliferation, which result in hirsutism, virilization and AN.
The etiology of AN is probably related to
increased levels of a keratinocyte-stimulating factor and of dermal fibroblasts. Insulin
at high concentrations may activate insulinlike growth factor receptors and mediate
epidermal cell proliferation (20,21). In cases
of malignancy and pituitary adenoma associated with AN, an increased production of
growth factors, insulin-like activity and transforming growth factor-a have been described
(9). The latter is structurally related to epidermal growth factor. Antibodies against insulin receptors could explain the AN association with other autoimmune diseases
(22,23).
The presence of AN in this group of
obese women was strongly associated with
black and mulatto race but weakly with insulin AUC and HOMA insulin resistance, in
spite of higher insulin resistance. Since this
lesion is easily recognized by skin inspection, it should be carefully monitored in
terms of the development of disorders of
insulin resistance.
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