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Acanthosis nigricans,
hyperinsulinaemia and risk factors
for cardiovascular disease
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ABSTRACT We examined the association between acanthosis nigricans, hyperinsulinaemia and other
risk factors for cardiovascular disease in patients from the United Arab Emirates, Height, weight and
sitting blood pressure were recorded in 122 patients with acanthosis nigricans, and blood samples were
obtained for measuring fasting cholesterol, high-density lipoprotein cholesterol, triglyceride and uric
acid levels. In addition, a glucose tolerance test was performed and blood was sampled for insulin and
glucose. Our results indicate that the patients with acanthosis nigricans had a high prevalence of abnor-
mal glucose tolerance and hyperinsulinaemia. In addition, euglycaemic patients with hyperinsulinaemia
had a cluster of risk factors for cardiovascular disease.

Acanthosis nigricans, 'hyparinsulinémie et les facteurs de risque de maladios cardiovascu-
laires

RESUME Dans notre étude, nous avons examiné I'association entre I'acanthosis nigricans,
I'hyperinsufinémie et d’autres facteurs de risque de maladies cardiovasculaires chez des patients aux
Emirals arabes unis. La taille, le poids et la tension artérielle en position assise ont été enregistrés chez
122 patients atteints d’acanthosis nigricans, et des prélévements sanguins ont été obtenus pour mesu-
rer les niveaux de cholestérol  jeun, de cholestérol des lipoprotéines lourdes, de triglycérides et d’acide
urique. De plus, une épreuve d’hyperglycémie provoquée par voie orale a été réalisée et un prélévement
sanguin a été effectué pour l'insuline et le glucose. Nos résultats Indiguent que les patients atteints
d'acanthosis nigricans avaient une forte prévalence de tolérance anormale au glucose et
d'hyperinsulinémie. De plus, les patients dont la glycémie &tait normale et qui avaient une hyperin-
sulinémie avalent un ensemble de facteurs de risque de maladies cardiovasculaires.
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Introduction

Prior studies have supported the associa-
tion between acanthosis nigricans (AN),
hyperinsulinaemia and type 2 diabetes mel-
litus (DM) {/-3]. In addition, a significant
correlation has been established betwecen
hyperinsulinaemia, hyperuricaemia and a
variety of risk factors for cardiovascular
discasc (CVD), such as hypertcnsion, dys-
lipidaemia, DM and obesity [4—8]. In this
study, we examined the association be-
tween AN, hyperinsulinaemia and other
risk factors for CVD in patients from the
United Arab Emirates (UAE).

Patients and methods

This cross-sectional study was conducted
between 1994 and 1997. The study popu-
lation was UAE nationals who were diag-
nosed with AN by one of the authors at the
time they were attending the dermatology
clinic at Tawam Hospital, a tertiary health
care centre in Al-Ain, UAE. A total of 122
patients (30 males and 92 females, ages 16~
65 years) participated in the study. All the
patients were self-referred for various skin
problems, and none was known to have
DM. AN was identified on the nape of the
neck and other body sites. The degree of
AN severity was not recorded.

The following data were collected at the
time of the diagnosis of AN. Height and
weight were recorded and obesity was de-
fined as a body mass index (BMT) of > 30
kg/m?, Blood pressure was measured with a
mercury sphygmomanometer while the pa-
tients were sitting. Systolic and diastolic
pressures were determined at the time of
the appearance and disappearance of Ko-
rotkoff sounds respectively. Venous blood
samples for uric acid, triglycerides, total
cholesterol and high-density lipoprotein

(HDL) cholesterol were collected after an
overnight fast. A standard (75 g) oral glu-
cose tolerance test (OGTT) was performed
according to World Health Organization
(WHO) recommendations, and blood was
sampled at 0, 30, 60 and 120 minutes for
the determination of serum insulin and glu-
cose levels [9].

Samples of insulin were centrifuged and
the serum was stored at —20 °C until assay.
Serum insulin levels were determined by a
solid-phase '*I radicimmunoassay kit [Di-
agnostic Products, United States of Ameri-
ca (USA)]. This assay indicated a fasting
2-SD insulin range of 0-180 pmol/L for
healthy patients. The intra- and inter-assay
coefficients of variation were 5% and 10%
respectively. Serum glucose was deter-
mined by the glucose dehydrogenase meth-
od (Dimension Clinical Chemistry System,
Dade International Incorporated, USA).
Total cholesterol and triglycerides were
measured using enzymatic techniques on a
Technicon Analyzer {Technicon In-stru-
ments). Measurement of HDL cholesterol
was performed using the same technique
following heparin manganese precipitation
of very-low-density lipoprotein (VLDL)
and low-density lipoprotein (LDL) choles-
terol, The level of LDL cholesterol was cal-
culated using the Friedewald formula [10].
Uric acid levels were determined using a
commercial kit (Dimension Clinical Chem-
istry System, Dade International Incorpo-
rated, USA).

Data were coded and analysed using
SPSS. Data are expressed as mean and stan-
dard deviation unless otherwise stated. The
Student r-test was used to ascertain the sig-
nificance of differences between mean val-
ues of two continuous variables. A
chi-squared analysis was performed to test
for differences in proportions of categorical
variables between two or more groups. An
ANOVA test was used for comparison of
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several group means and to determine the
presence of significant differences between
group means of continuous variables, A
multiple regression model was fitted to ad-
just for potential confounding variables. P
< (.05 was considered significant.

Results

A total of 122 patients (30 males and 92 fe-
males) with AN were enrolled in the study.
The physical and metabolic characteristics
of the patients by sex are shown in Table 1.
Overall, the patients were normotensive,
but the men had significantly higher systol-
ic blood pressure than the women. As ex-
pected, the women had higher HDL

cholesterol levels. Most of the patients

were overweight but fewer than hailf had a
BMI of 2 30 kg/m?.

The patients were divided into three
groups based on the results of the OGTT.
Although this test was not repeated to con-
firm the results, we labelled 18 patients as
having DM based on a 2-hour OGTT scrum
glucose of 2 11.1 mmol/L (11 patients), ora
fasting serum glucose value of 2 7 mmol/L
(7 patients). Twenty-six (26) were labelled
as having impaired glucose tolerance (I1GT)
based on a 2-hour OGTT serum glucose
value of 7.8-11.0 mmol/L, or a fasting se-
rum glucose value of 6.1-6.99 mmol/L. Pa-
tients with normal fasting and 2-hour
OGTT glucose were labelled as euglycaem-
ic. The physical and metabolic characteris-
tics of the patients grouped by glucose

Table 1 Baseline physical and metabolic characteristics of all the

patients grouped by sex
Variable Men Women
Number of patients (%) 30 (24.6) 92 (75.4)
Age + 5 (years) 30.2x125 289+11.2
Body mass index + s (kg/m?) 202+11.4 30.6+6.3
Body mass index = 30 kg/m? (%) 433 48.3
Blood pressure + § (mmHg)

Systolic 132.5+16.3° 126.0+15.2

Diastolic 80.1+75 81.7+9.2
Fasting eerum glucoee + & (mmol/L) 6.7+ 0.01 58+1.4
Insulin £ s (pmol/L) 193.0+10.2 164.0+13.4
Total cholesterol + s (mmol/L) 47+08 5.1x1.1
HDL cholesterol + s (mmol/L) 09+0.2 1.2+0.3"
LDL cholesterol + s (mmol/L) -3.0£0.2 33x0.2
Triglyceridas + & (mmol/L) 1.1+04 12+08
Uric acid + s (mmol/L) 0.35x0.06 0.32x0.26

P <005

P «0.01

$ = standard deviation

HDL = high-densily lipoprotein
LDL = jow-dansity lipoprotein
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tolerance are shown in Table 2. Diabetic
patients were significantly older in age (P <
0.01), had significantly higher systolic
blood pressure (P < 0.05), and a significant-
ly lower fasting insulin level (P < 0.01)
than euglycaemic and IGT patients.

Of the 78 euglycaemic patients, 16 had
missing insulin results. The remaining 62
patients were included in subsequent analy-
ses (Tables 3-5). Thirty-two (32) (51.6%)
patients had hyperinsulinaemia (defined as
fasting serum insulin level > 180 pmol/L).

Table 3 shows the baseline character-is-
tics of euglycaemic patients (with and with-
out hyperinsulinaemia) as well as their
mean serum insulin and glucose levels be-

fore and after OGTT. Hyperinsulinaemic
patients had mean fasting and post-OGTT
insulin levels that were twice those of pa-
tients with normal insulin levels. In addi-
tion, BMI and fasting glucose level were
significantly higher in hyperinsulinaemic
patients (P < 0.05).

Table 4 shows blood pressure, fasting
serum uric acid, and lipid and lipoprotein
values in the euglycaemic patients with and
without hyperinsulinaemia. Uric acid and
triglyceride levels were significantly higher
in the hyperinsulinaemic group (P < 0.05).
Total cholesterol and HDL cholesterol lev-
els, however, were not significantly differ-
ent between the two groups. Systolic and

Table 2 Baseline physical and metabolic characteristics of all the patients by glucose

tolerance
variable Euglycaemic impaired glucose Diabetes mellitus
(n=78) tolerance {n=18)
(n=26)
Males (%) 22 (28.2) 4 (15.4) 4 (22.2)
Females {%) 56 (71.8) 22 (84.6} 14 (77.8}
Ago + ¢ (yoars) 261101 2989 +59 418+978
Body mass index + s (kg/m?) 29.4+59 319z 586 30.8+6.5
Family history of diabetes mellitus (%) 58 (74.4) 16 (61.5) 11 (61.1)
Blood pressure = s {(mmHg)
Systolic 123.4:14.5 132.6+15.2 1411 x11.8¢%
Diastolic 80.5:84 80.310.0 86.2+7.6
Fasting serum glucose x s {mmol /L) 52x05 59=x+0.5" 8.1+09"
Insulin x s {(pmol/L) 163.8x17.4 208.4 £ 20.4 1460+16.9%
Cholesterol + s {mmol/L) 46+1.1 53x1.2 50+1.0
HDL cholesterol + s (mmol/L} 1.5+0.29 1.4 £0.4 1.4+0.8
LDL cholesterol + s (mmol/L) 3.3x0.2 3.7x04 3.9x05
Triglycerides + s (mmol/L}) 1.220.7 14 £0.7 1.5+0.8
Uric acid + s {(mmol/L) 0.33+0.28 0.34+0.06 0.29+0.08

P < 0.01 compared to suglycaemic and impaired glucose tolerance groups

P < 0.01 compared fo euglycaemic and diabgtes meliitus groups

s = sfandard deviation
HDL = high-density lipoprotein
LDL = low-density lipoprotein
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diastolic blood pressure was also signifi- Muitiple regression analysis was used to
cantly higher in the hyperinsulinaemic  examine further the relationship between
group (P <0,01). hyperinsulinaemia and the variations in the

Table 3 Baseline characteristics and serum glucose and Insulin levels
before and after oral glucose tolerance test in the euglycaemic patients

Variable Patients with Patlants with
hyperinsulinaemia normal insulin levels
{(n=32) {(n=30)
Women (%) 20 (60.6) 24 (60.0)
Age t s (years) 30.0x10.7 26.5+8.1
Body mass index & s (kg/m?) 324:1.0 28.1+1.0
Glucose level = s (mmol/L)
Fasting 5.4x0.5° 52x04
After 1 hour 8020 76+£13
After 2 hours 6.0+11 56x1.2
Insulin level + s (pmol/L)
Fasting 22991728 95.5+29.3
After 1 hour 13382.0 = 866.4° 782 £ 382
After 2 hours 1014.6 + 618° 466 + 222
P <0.05
*P < 0.01

s = standard deviation

Table 4 Blood pressure, serum uric acid, lipid and lipoprotein levels in the
euglycaemic patients

Variable Patients with Patients with
hyperinsuiinaemia normal insulin levels
(n=32) (= 30)

Cholesterol (mmol/L) 46+1.3 44110
High-density lipoprotein

cholesterol (mmol/L) 1.1+0.3 1.2+0.3
Triglycerides (mmol/L) 1.4x0.70 1.0+0.5
Uric acid {(mmol/L) 0.32x0.07° 0.25+0.07
Blood pressure {(mmHg)

Systolic 120.8+15.8* 118+13.9

Diastolic 82474 76104
P <001

Values are expressed as mean + standard deviation
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dependent variables uric acid, triglycerides,  The results of thcsc analyses arc shown in
lipid and lipoprotein levels and blood pres-  Table 5. Hyperinsulinaemia remained signif-
sure. Other independent variables, such as  icantly associated with systolic blood pres-
age = 30 years, sex, fasting glucosc and obe-  sure (¢ = 2.319, P < 0.05), diastolic blood
sity (BMI 2 30 kg/m?), were also evaluated.  pressure (t=2.047, P < 0.05) and uric acid (¢

Table 5 Multiple regression analysis for fasting insulin, lipids, uric acld levels, blood pressure
and other relevant variables in the euglycaemic patients

Dependent Independent Regression Standard ftest P-value
variable variables coefficlent error of value
regression
coefficient
Systolic blood pressure  Age 2 30 years 0.227 3.879 0.058 NS
Sex -10.313 4194 -2459 <0.05
Body mass index = 30 kg/m®  4.090 4,067 1.006 NS
Hypeorinsulinaemia 9.931 4.282 2,319 <0.06
Fasting glucose —4,322 4591 -0.941 NS
Diastolic blocd pressure Age = 30 years 0.568 2.469 0423 NS
Sex 1.130 2.669 0.230 NS
Body mass index = 30 kg/m? -0.555 2,588 -0.215 NS
Hyperinsulinaemia 5.578 2.726 2.047 <0.05
Fasting glucose 1.272 2.922 0435 NS
Cholesterol Age > 30 years 0.493 0.328 1.502 NS
Sex 0.189 0.355 0534 NS
Body mass index > 30 kg/m? -0.273 0.344 0794 NS
Hyperinsulinasmia 0.059 0.362 0.163 NS
Fasting glucose 0.403 0.388 1.037 NS
High-density cholesterol Age 2 30 years 0.038 0.079 0.488 NS
Sex 0.250 0.085 2.948 <0.01
Body mass index = 30 kg/m? -0.009 0.082 0110 NS
Hyperinsulinaemia ~0.062 0087 -~0.726 NS
Fasting glucose 0.032 0.093 0.351 NS
Triglycerides Age = 30 years 0.248 0.120 2.063 <0.05
Sex —0.203 0.130 -1565 NS
Body mass index = 30 kg/m?  0.036 0.126 0291 NS
Hyperinsulinaemia 0.217 0.132 1.642 NS
Fasting glucose 0.054 0.142 0.381 NS
Uric acid Age 2 30 years -0.046 0.017 -2709 <001
Sex —0.066 0018 -3.627 <0.01
Body mass index 230 kg/m?  0.009 0.019 0.493 NS
Hyperinsulinaemia 0.058 0.020 2983 <001
Fasting glucose -0.014 0020 -0.702 NS

NS = not significant
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—2.983, P <0.01), indcpendent of age, sex,
obesity and fasting glucose. However, the
association between hyperinsulinaemia and
triglyceride levels became statistically in-
significant (¢ = 1.642, P = 0.107), The rela-
tionship between insulin, cholesterol and
HDL cholesterol did not change when (the
other variables were considered. The analy-
sis also showed that males had higher systol-
ic bluod pressure, lower HDL cholesterol
and higher uric acid levels. In addition, pa-
tients who were 2 30 years had higher trig-
lyceride and lower uric acid levels.

Discussion

We studied patients from the UAE, a po-
pulation in which mqulm resistance and
DM are particularly prevalent {11-13]. In
addition, all the patients had AN, a hyper-
plastic skin lesion that is known to be asso-
ciated with DM and a variety of
insulin-resistance states [/-3]. Indeed,
more than one-third of these patients had
abnormal OGTT and nearly half of the re-
maining patients had hyperinsulinaemia.
Unfortunately, we did not study a control
group and did not repeat the OGTT. Thus,
the relative risk of hyperinsulinaemia, un-
diagnosed DM or IGT in patients with AN
cannot be accurately determined from this
study. The reported prevalence of abnormal
OGTT and hyperinsulinaemia in the UJAE,
however, is substantially lower than our
findings, which suggests that AN plays an
important role [12,14].

There is considerable evidence linking
hyperinsulinaemia to hyperuricaemia, and
multiple risk factors for CVD such as hyper-
tension, dyslipidaemia, DM and obesity [4—
8]. In addition, hyperinsulinaemia, without
fasting hyperglycaemia, has been shown to
be a significant risk factor for the develop-
ment of CVD [15-17]. Insulin also has a di-

rect regulatory effect on triglyceride and
HDL cholesterol levels, and has a possible
role in blood pressure regulation [/8].

Similar to other cross-sectional studies,
we found that patients with hyperinsuli-
naemia and normal glucose tolerance had
higher blood pressure, uric acid and triglyc-
eride levels than those with normal insulin
levels [79-23]. Although in some of these
studies the strength of the correlation was
substantially diminished once obesity was
accounted for, the correlation was indepen-
dent of BMI int our study [22,23]. When age
and sex were entered as independent vari-
ables, however, the correlation between hy-
perinsulinaemia and triglyceride level
became statistically insignificant. Total cho-
lesterol, LDL cholesterol and HDL cholester-
ol levels were not signiticantly different
between the patients with hyperinsulinaemia
and those with normal insulin levels. Al-
though total and LDL cholesterol levels are
not closely related to hyperinsulinaemia, sev-
eral studies have shown that inverse relation-
ships exist between insulin and HDL
cholesterol levels in patients with this condi-
tion and normal glucose tolerance, and in pa-
tients with IGT and DM [24]. In some
studies, however, HDL cholesterol levels in
women did not correlate with insulin sensi-
tivity [25]. Thus, the lack of correlation be-
tween hyperinsulinaemia and HDL
cholesterol levels in our study may be related
to the relatively high proportion of female
patients included.

Conclusions

Our rcsults indicate that patients with AN
have a high prevalence of abnormal OGTT
and insulin resistance. In addition, these re-
sults are in agreement with previous conclu-
sions that patients with hyperinsulinaemia
and normal glucose tolerance, who are pre-
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sumably insulin rcsistant, have a cluster of
risk factors for CVD. The implications of
these findings are important as CVD and
DM ar¢ emerging as major causes of mor-

bidity and mortality in the UAE [1/],26}.
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