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In seven hyperinsulinaemic, hypertestosteronaemic pre-
menopausal patients, we tested the effect of an attenuation
of insulin serum concentrations by long-term treatment
with the enteral disaccharidase inhibitor acarbose on
serum concentrations of total and free testosterone,
dehydroepiandrosterone sulphate (DHEAS) and sex hor-
mone-binding globulin (SHBG). The subjects showed
typical features of hyperinsulinaemia-hypertestosteron-
aemia syndrome, including elevated concentrations of
insulin and testosterone, normal concentrations of DHEAS
and suppressed SHBG concentrations. The patients were
orally treated with an initial dosage of 50 mg acarbose/
day, which was gradually increased to a maximum of
300 mg/day. Blood was sampled at week 6 (under a
dosage of 150 mg acarbose/day) and at week 20 of
treatment. A significant reduction in the increase of
glucose and insulin concentrations, determined after
administration of a standard oral 100 g glucose load,
was found at week 6 (P < 0.02, P < 0.00007) and at
week 20 (P < 0.04, P < 0.003) of therapy and was
associated with a significant decrease of total and free
testosterone at week 20 (P < 0.04, P < 0.01). Concentrations
of both DHEAS and SHBG remained nearly unchanged.
In conclusion, it was shown that a decline of ovarian
hypertestosteronaemia was achieved in association with
a flattening of the postprandial glucose and insulin
increase by long-term treatment with acarbose. Side
effects were limited to abdominal distension and flatulence
and were absent using a low dosage of 50 mg acarbose/
meal (3X50 mg/day).

Key words: acarbose/insulin/PCOD/testosterone

Introduction

Hypertestosteronaemia is a major dysfunction in polycystic
ovarian disease (PCOD). Previous studies (see review by
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Barbieri et al., 1988) have shown that hyperinsulinaemia
plays a key role in the development and perpetuation of
this disorder. Therefore, an increase of circulating testosterone
concentrations may be a pivotal marker 1n a complex
endocrine—metabolic syndrome (hypennsulinaemia~hyper-
testosteronaemia syndrome; Geisthével et al, 1994,
Geisthvel, 1994) that seems to be associated with an
increased risk for coronary heart disease. In consequence,
not only do androgenic symptoms, disturbances of the
menstrual cycle and infertility have to be treated in
hyperandrogenaemic patients but also the correlated hyperin-
sulinaemua. Givens et al. (1987) were the first to treat an
insulin excess in PCOD patients by using nalmefene, an
opiate receptor blocker. The reduction of testosterone
concentrations in response to a decrease in insulin concentra-
tions was first described by Nestler et al. (1989) using
diazoxide, an «-adrenergic drug. Recently, metformin, a
biguanide (Velazquez et al, 1994), and octreotide, a
somatostatin analogue (Prelevic et al., 1990; Fulghesu et al.,
1995), have been used to reduce circulating concentrations
of both insulin and Ci¢-steroids. Diazoxide, metformin
and octreotide, however, are multifunctional agents with
potentially adverse side effects.

Acarbose (see review by Toeller, 1991) is a synthetic
disaccharide that reversibly prevents the presence of a-glucosi-
dase in the brush-border of the intestinal mucosa. The mnhibition
of a-glucosidase is followed by a decrease in disaccharide
digestion and by a subsequent decline of enteral monosacchar-
ide absorption. In consequence, a flattening in postprandial
circulating concentrations of both glucose and insulin 1s
observed. Enteral resorption of acarbose 1s extremely low, in
the order of 0.5-1.7%. The clinical use of acarbose as an anti-
hyperglycaemic substance is established in the therapy of non-
insulin-dependent diabetes mellitus (NIDDM; see review by
Sachse, 1995). Side effects are dose-dependent and limited to
abdominal distension, flatulence and diarrthoea (Mertes and
Kiep, 1996). Hypoglycaemia and lactatacidosis are not associ-
ated with the use of acarbose. Therefore, acarbose is regarded
in many countries as the first choice for medicinal treatment
of NIDDM (Sachse, 1995).

The present paper reports’ on a long-term trial of treat-
ment with acarbose in seven hyperinsulinaemic, hyper-
testosteronaemic patients that was based on the concept
that elevated testosterone serum concentrations may decline
following attenuation of insulin serum concentrations due
to enteral inhibition of monosaccharide absorption.
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Table L. Basic charactenistics of seven hyperinsulinaemic, hypertestosteronacmic patients

Subject no Age (years) BMI (<27 kg/m?)* WHR (<0.85)* Menstrual cycle

1 24 327 0.9 oligo-amenorrhoea

2 32 33.8 13 secondary amenorrhoea
3 27 38.7 1.1 oligomenorrhoea

4 28 19.4 0.88 eumenorrhoea

5 32 331 1.1 secondary amenorrhoea
6 26 246 086 secondary amenorrhoea
7 26 363 10 secondary amenorrhoca
Mean * SD 283 312268 10 *0.16

BMI = body mass index, WHR = waist-to-hip ratio.
"Values in parentheses are normal limits (see Materials and methods)

Table II. Daily dosage of acarbose admimstered during the treatment of
seven hyperinsulinaemic, hypertestosteronacmic patients

Table IV. Individual pretreatment serum concentrations of glucose and insulin
n seven hyperinsulinaemic, hypertestosteronaemic patients

Week of Dosage (mg)
treatment
At breakfast At lunch At dinner
2 50 - -
4 50 - 50
8 50 50 50
12 100 100 100
20 individually between 200 and 300

Table III. Individual pretreatment serum concentrations of total testosterone,
free testosterone and sex hormone-binding globulin (SHBG) 1n seven
bypennsulinaemic, hypertestosteronaemic patients

Subject Total testosterone Free testosterone SHBG

no (<2 2 nmol/1)* (<6.9 pmol/)* (>35 nmol1)*
1 79 21.1 60

2 76 21.8 222

3 34 173 50

4 27 152 19.3

5 31 16.6 6.0

6 55 208 145

7 41 187 46

*Values in parentheses are normal himuts of serum concentrations (see
Procedures and assays).

Materials and methods

Subjects

Seven hyperinsulinaernic, hypertestosteronaemic premenopausal
patients were studied. Chinical charactenstics of the women are
presented in Table I. Body mass index was normal (<27 kg/m?)
(Hirsch and Leibel, 1991) mn patients 4 and 6, and elevated in the
other patients. Body fat distribution was found to be android (normal
female waist-to-hip raho <0.85) (Evans et al.,, 1983) n all patients.
Acanthosis nigricans was absent in all subjects. Patient 4 with regular
menstruations was studied in the mid-follicular phase, whilst the rest,
with oligomenorrhoea, oligo-amenorthoea or amenorrhoea, were
studied at random.

Procedures and assays

After an overnight (~12 h) fast, blood samples were taken between
0800 and 0900 h at 20 min intervals through an indwelling catheter
placed in the antecubital vein. The blood samples were centrifuged,
and the sera were pooled and stored at —20°C until determinations of
fasting glucose, fasting wnsulin, total testosterone, free testosterone,
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Subject Glu 1 h Glu Ins 1hlns

no. (<7.8 mmol)* (<115 mmol1)* (<180 pmol1y* (<700 pmoll)*
1 52 13.0 228 1585

2 53 12.1 261 1269

3 50 6.5 279 1578

4 43 59 53 1176

5 5.2 108 149 2152

6 39 104 102 925

7 33 9.0 189 1657

Glu = fasting glucose; 1 h Glu = glucose 1 h after 100 g glucose load;
Ins = fasting wnsulin, 1 h Ins = nsuhn after 100 g glucose load.
*Values 1n parentheses are normal hmuts of serum concentrations (see
Procedures and assays).

dehydroepiandrosterone sulphate (DHEAS) and sex hormone-binding
globulin (SHBG) had been performed. The last blood sampling was
followed by administration of a standard oral glucose load (100 g,
Dextro O.G.-T.Saft®; Boehringer Mannheim, Mannheim, Germany),
and another single blood sample was taken 1 h later and centrifuged,
and sera were stored at —-20°C for determination of stimulated (1 h)
glucose and 1 h insulin. Delta values of glucose and insulin were the
differences of the 1 h values minus the fasting values The procedures
have been described in more detail elsewhere (Geisthtvel er al., 1994).

Glucose was determined photometrically (Glucose-DH®-Methode;
Merck, Darmstadt, Germany). All other parameters were determined
by commercially available radioimmunoassay kits: msulin (RIA-
guost" Insulin; Behringwerke AG, Marburg, Germany), total
testosterone (RIA-mat Testosteron®; Byk-Santec Diagnostica, Dietz-
enbach, Germany), free testosterone (Freies Testosteron-RIA®; DPC,
Bad Nauheim, Germany), DHEAS (DHEA-Sulfat-RIA®; DPC) and
SHBG (SHBG®; Serono, Freiburg, Germany). The intra-assay and
inter-assay variations for all assays were <6 and <10% respectively

Normal limits of serum androgen and SHBG refer to results
obtained from a group of 14 lean and healthy subjects. An impaired
glucose tolerance was defined as a 1 h glucose value >11.5 mmol/l
(de Nobel et al, 1978, National Dhabetes Data Group, 1979).
Hyperinsulinaemia was diagnosed 1if fasting insulin and/or 1 h insulin
were >180 and >700 pmol/l respectively, being >2SD over the
mean of a lean normotestosteronacmic control group (Geisthdvel
et al, 1994). The 1 h insulin values were comparable to those
obtained by Reaven er al. (1976) using an oral glucose load of
40 g/m? body surface area, and by de Nobel et al (1978), Smith
et al. (1987), Chang er al. (1983) and Nestler et al. (1989) using an
oral 100 g glucose load.

Following the first blood sampling, patients were orally treated






