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Acanthosis nigricans in obese women with the polycystic
ovary syndrome: disease spectrum not distinct entity

Gerard S. Conway and Howard S. Jacobs

Cobbold Laboratories, The Middlesex Hospital, Mortimer Street, London WIN 8AA, UK.

Summary: Fasting and stimulated insulin concentrations in four patients with acanthosis nigricans
and polycystic ovary syndrome were compared with four patients, matched for weight and ovarian
morphology, without acanthosis. The median fasting serum insulin concentrations were 114.2 and 25.1
mU/I in the respective groups (P = 0.02). One additional patient was investigated before and after an 18%
increase in weight which resulted in a 170% increase in fasting insulin concentrations and the development
ofacanthosis nigricans. These observations suggest that there is variation between individuals in the degree
of obesity that results in the development of acanthosis and that obese patients with this skin condition
represent the severe end of the spectrum of the polycystic ovary syndrome.

Introduction

Acanthosis nigricans, when not related to malig-
nancy, is considered to be a dermal manifestation
of hyperinsulinaemia.' The extent to which
obesity contributes to insulin resistance in these
circumstances is disputed. Several reports have
shown that patients with acanthosis nigricans have
higher serum insulin concentrations than weight
matched subjects without acanthosis, suggesting
that their hyperinsulinaemia is not solely caused by
obesity.4'5 However, the high levels of circulating
insulin associated with acanthosis nigricans have
fallen with short term dietary restriction, suggest-
ing that obesity may contribute to the hyper-
insulinaemia.6 The presence of polycystic ovaries,
which may also be associated with insulin resis-
tance and acanthosis nigricans,7 has not been
carefully identified in previous studies. We describe
here a patient whose metabolic status was assessed
before and after weight gain and the appearance of
acanthosis nigricans. The results from this patient
are compared with those from obese patients with
and without acanthosis.

Case report

EH presented at the age of 27 with hirsutism and
oligomenorrhoea, having been investigated and
treated extensively for obesity with very low calorie
diets, psychoanalysis, jaw wiring and a gastric
balloon, each with only temporary success. Her
menarche was at the age of 13 from which time her

menstrual cycle was irregular until she received the
oral contraceptive at the age of 15. At 23 years she
weighed 86 kg and conceived without difficulty and
had a full term normal delivery. She subsequently
became more obese and hirsute. Her paternal
family had a history of obesity and hirsutism but
her mother and two sisters were of normal build,
non-hirsute and had regular menstrual cycles.
On examination she weighed 131.5 kg and her

height was 1.71 m. She was hirsute, euthyroid,
normotensive and without evidence of acanthosis
nigricans. Investigations showed her to have
polycystic ovaries on ultrasound with a normal
endocrine profile (Table I). She was treated with
spironolactone for 4 months before menorrhagia
necessitated its withdrawal.
One year later she weighed 155 kg and on

examination had the new finding of acanthosis
nigricans affecting her neck and axillae.

Materials and methods

Four patients with acanthosis nigricans, all found
to have polycystic ovaries on ultrasound, were
matched by weight to non-acanthotic patients with
polycystic ovaries. A 75 g oral glucose tolerance
test was performed on all subjects after 3 days of a
diet containing at least 300 g ofcarbohydrate daily
and after an overnight fast. Samples of arterialized
venous blood were drawn at 15 minute intervals for
3 hours from the dorsum of a warmed hand for
measurements of glucose and insulin concentra-
tions. Plasma glucose concentrations were
measured immediately by the glucose oxidase
method and serum insulin concentrations were
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Table I Results from Case EH before and after the appearance of acanthosis nigricans and
the median (range) measurements from subjects with (n = 4) and without (n = 4)

acanthosis

Case EH
Pre AN Post AN

BMI (kg/mi)

LH (U/1)

FSH (U/1)

Testosterone (nmol/l)

Fasting glucose (mmol/l)

Incremental glucose (mmol/l)

Fasting insulin (mU/l)

Incremental insulin (mU/I)

45 53 38
(32-44)

4.0 6.4 9.6
(3.6- 11.7)

4.9 4.2 3.3
(2.6-4.8)

1.4 1.8 2.6
(1.6-4.2)

4.2 2.9 4.9
(4.8-5.9)

19.1 25.9 23.6
(20.6-36.4)

19.5 52.9 25.1*
(11.1-40.9)

321 1078 1330*
(368-2992)

* P = 0.02, Mann-Whitney U test. AN = acanthosis nigricans; BMI = body mass index;
LH = luteinizing hormone; FSH = follicle stimulating hormone.

measured later by radioimmunoassay.8 Serum
gonadotrophin and testosterone measurements
were performed as previously described.9 The body
mass index (BMI) was calculated from the equa-
tion: BMI = weight/height2 (kg/m2). Incremental
areas for glucose and insulin were calculated from
the sum of each post-ingestion measurement less
the fasting concentration.

Results

The endocrine results of case EH before and after
the appearance of acanthosis nigricans are shown
in Table I, together with the median BMI and
endocrine profiles from the groups with and with-
out acanthosis. The results from case EH after the
emergence of acanthosis follow closely the
differences between the patients with and without
established acanthosis (Table I). The group with
acanthosis have significantly higher fasting and
glucose stimulated serum insulin concentrations
and a higher glucose tolerance curve compared
with the non-acanthosis group. Figure 1 shows the
glucose tolerance curves in patient EH and in the
acanthosis and non-acanthosis groups and demon-
strates a deterioration in glucose tolerance in
association with this skin condition.
The insulin responses in the glucose tolerance

tests in patient EH are shown in comparison with
the acanthosis and non-acanthosis groups (Figure
2). While there is a marked increase in the insulin
concentrations with the appearance of acanthosis
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Figure 1 Oral glucose tolerance curves in patient EH
before (triangles) and after (circles) the development of
AN compared with the ranges of glucose measurements
in the acanthosis (horizontal shading) and non-
acanthosis (vertical shading) groups.

in patient EH, there is no clear separation between
the insulin responses to glucose from the two
groups of patients except for the last 60 minutes of
the test when the insulin measurements in subjects
with established acanthosis show little sign of
returning to basal concentrations.

Discussion

The initial clinical presentation of case EH was
with the classical features of the polycystic ovary
syndrome: oligomenorrhoea, hirsutism and obesity.
Subsequent weight increase was associated with the

Patient groups
No AN With AN

41
(32-45)

7.2
(5.3- 12.6)

4.0
(2.8-5.4)

3.3
(2.1-9.7)

5.7
(4.8-6.5)

39.9
(20.6-51.1)

114.2*
(52.5-250.5)

3740*
(3380-8442)
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Figure 2 Insulin concentrations during oral glucose
tolerance tests in patient EH before (triangles) and after
(circles) the development of AN compared with the
ranges of insulin measurements in the acanthosis
(horizontal shading) and non-acanthosis (vertical shad-
ing) groups.

development of acanthosis nigricans. These events
led us to question whether other women with
acanthosis nigricans have underlying polycystic
ovary syndrome. It is evident from the literature of
women with acanthosis, including the HAIR-AN
syndrome (hyperandrogenism, insulin resistance
and acanthosis nigricans),'10-4 that when the
ovarian morphology has been identified, polycystic
ovaries have been an almost universal finding.
Why then is acanthosis rare in the absence of

polycystic ovaries? Case EH demonstrates that the
appearance of acanthosis is determined by the
degree of hyperinsulinaemia. Rarely these high
insulin levels are the result of genetic lesions of the

insulin pathway.9"- More commonly, obesity-
mediated insulin resistance contributes to the
hyperinsulinaemia. It may be that obesity, which
alone does not result in sufficiently high insulin
levels to cause acanthosis, has to occur in the
presence of another insulin resistant state (the
polycystic ovary syndrome) for the skin effect to be
manifest.
The metabolic consequences of obesity are dem-

onstrated here by case EH in whom an 18%
increase in weight resulted in a 170% increase in the
fasting serum insulin concentration and the
development of acanthosis nigricans. Obesity-
mediated insulin resistance can therefore be critical
in the aetiology of acanthosis nigricans. There is
clearly a variation between individuals in the
threshold at which hyperinsulinaemia leads to this
skin change and in the degree of insulin resistance
achieved for a given weight. Comparisons of
weight matched subjects with and without acan-
thosis nigricans5 simply selects groups with
differing insulin sensitivity but provides no inform-
ation on the cause of the hyperinsulinaemia.

In conclusion, women with acanthosis nigricans
and obesity represent the severest form of the
polycystic ovary syndrome. The spectrum ranges
from lean patients with polycystic ovary syndrome
and normal insulin secretion, through lean, mildly
hyperinsulinaemic and obese severely hyper-
insulinaemic polycystic ovary syndrome to those
with acanthosis nigricans. Whereas progression
through the severe end of this range may be
regulated by obesity, the factors which determine
the mild end of the spectrum remain obscure.
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