
Prospective epidemiological studies suggest that hy-
perinsulinaemia, both fasting and postprandial, can
be an independent risk factor for the development of
cardiovascular disease in non-diabetic subjects [1, 2].
Hyperinsulinaemia or insulin resistance or both have
been hypothesized to have a major role in dyslipa-

emia in subjects with both normal and impaired glu-
cose tolerance [3±5]. Hyperinsulinaemia appears to
enhance hepatic VLDL synthesis [6, 7] and thus could
directly contribute to the increased triglyceride and
LDL cholesterol values found in these subjects [6, 7].

The cluster of highly atherogenic metabolic abnor-
malities of syndrome X (hyperinsulinaemia, glucose
intolerance, increased VLDL and triglycerides, de-
creased HDL cholesterol, and hypertension) are like-
ly to be secondary to the basic abnormality of insulin
resistance [3, 4, 6±12] and recent clinical studies in
children have provided evidence that the genesis of
an atherogenic pattern of risk factors could start in
childhood [13, 14].

High concentrations of lipoprotein (a) Lp(a), an
unusual lipoprotein defined by the presence of the
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Summary Girls with a history of premature pub-
arche, i. e. appearance of pubic hair before 8 years of
age, show hyperinsulinism in response to an oral glu-
cose tolerance test. As hyperinsulinaemia has a major
role in dyslipaemia, and is considered an independent
risk factor for cardiovascular disease, we assessed the
patterns of plasma insulin concentration after a stan-
dard oral glucose tolerance test as well as fasting
serum lipid, lipoprotein, and sex hormone-binding
globulin concentrations in girls (n = 81) with prema-
ture pubarche compared with girls (n = 55) matched
with them for stage and bone age to ascertain their
metabolic states to identify those potentially at risk
for the development of premature cardiovascular dis-
ease. Mean serum insulin concentrations were higher
in patients at all pubertal stages, and associated with
elevated serum triglyceride, very low density choles-
terol and very low density triglyceride concentrations
(p value range 0.04 to < 0.0001) but reduced sex hor-

mone-binding globulin. Premature pubarche patients
also displayed higher low density to high density lipo-
protein cholesterol ratios compared with control sub-
jects (p = 0.004 to 0.008). In conclusion, hyperinsulin-
aemia, decreased sex hormone-binding globulin con-
centrations and an unfavourable lipid pattern are
common features in premature pubarche girls sup-
porting the contention that atherogenic abnormali-
ties composing the metabolic syndrome could start
in childhood. To determine the clinical sequelae of
such clustering of metabolic deviations, girls who
were identified need to be followed up for the poten-
tial development of premature cardiovascular dis-
ease. [Diabetologia (1998) 41: 1057±1063]
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unique apolipoprotein, apo (a) [15], are an indepen-
dent risk factor for premature ischaemic disease,
even in the presence of normal concentrations of oth-
er lipid parameters [16]. Lp(a) concentrations are
strongly determined genetically, depend on the size
of the apo(a) allele, and generally show little varia-
tion within a given person [17].

Girls with a history of premature pubarche, de-
fined as the early appearance of pubic hair before
8 years of age [18], have an increased incidence of
ovarian hyperandrogenism in adolescence, and show
more hyperinsulinism after an oral glucose tolerance
test than normal girls matched with them for age and
body mass index [19, 20]. The hyperinsulinaemia is
detectable before the onset of puberty, throughout
all stages of pubertal development and is accompa-
nied by decreased sex hormone-binding globulin
(SHBG) values [21].

Hyperinsulinaemia or insulin resistance or both
are common features in lean and obese women with
polycystic ovary syndrome, a form of ovarian hyper-
androgenism [22, 23]. They are usually associated
with an atherogenic lipid profile, namely, increased
triglyceride and LDL concentrations and decreased
HDL concentrations [24±26]. The lipid disturbances
seem to be more associated with the hyperinsulin-
aemia than with the degree of androgen excess [25].

Our study aimed to ascertain whether the hyperin-
sulinism usually present in premature pubarche girls
is accompanied by an abnormal lipid and lipoprotein
pattern, in order to identify a subset of young patients
potentially at an increased risk for the development
of premature cardiovascular disease.

Subjects and methods

Study groups. We studied 81 premature pubarche girls (age
range: 5.9±18 years) and 53 pubertal control subjects matched
for stage and bone age [27, 28] (age range: 7±18 years). Sub-
jects were divided into four groups according to their Tanner
stage of breast development [28]: prepubertal (B1), early pu-
bertal (B2), midpubertal (B3) and postmenarcheal (B5). All
girls in groups B1-B3 were premenarcheal. In all patients, pre-
mature pubarche was secondary to premature adrenarche,
namely, they presented with elevated androstendione or dehy-
droepiandrosterone-sulphate concentrations or both at prema-
ture pubarche diagnosis [29]. None of the subjects had been
studied previously and 37 (26 patients and 11 control subjects)
were assessed longitudinally.

None of the subjects had acanthosis nigricans, thyroid dys-
function, Cushing syndrome, hyperprolactinaemia, late-onset
congenital adrenal hyperplasia [30, 31], a family or personal
history of diabetes mellitus, a family history of premature car-
diovascular disease, or was receiving medications known to af-
fect lipid metabolism. Body mass indexes, the weight (kg) di-
vided by height (m2), were similar in patients and control sub-
jects within the same pubertal stage and were within the nor-
mal range in all subjects [32].

All subjects were on similar and unrestricted diets during
the study. The protocol was approved by the institutional re-
view committee at our hospital. Informed consent from pati-
ents or from their parents was obtained, as well as assent from
minors. The baseline clinical characteristics of all groups are
depicted in Table 1.

Patterns of insulin secretion. After 3 days of a daily high carbo-
hydrate diet (300 g) and an 10-h overnight fast, all subjects
were given a standard 1.75 g/kg body weight (maximum 75 g)
2-h oral glucose tolerance test starting at 0800 hours. At 0, 30,
60 and 120 min after oral glucose was given blood was sampled
for glucose and immunoreactive insulin measurements. The
fasting insulin resistance index was calculated as the product
of the fasting serum insulin (mU/ml) and the fasting serum glu-
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Table 1. Clinical characteristics of patients and control subjects

Tanner
breast stage

n CA
(year)

BA
(year)

BMI
(Kg/m2)

systolic BP
(mmHg)

diastolic BP
(mm Hg)

ACTH test at premature pubarche diagnosisa

basal
17-OHP
(mmol/l)

peak
17-OHP
(nmol/l)

basal
D4-A
(nmol/l)

basal
DHEAS
(mmol/l)

B1
PP 21 7.5 ± 0.2 8.6 ± 0.2 18.8 ± 0.6 104 ± 2 65 ± 2 1.9 ± 0.3 6.5 ± 0.8 4.4 ± 0.5 3.4 ± 0.2
C 14 8.5 ± 0.3 7.8 ± 0.3 17.0 ± 0.4 103 ± 2 64 ± 1 ± ± ± ±

B2
PP 19 9.8 ± 0.1 11.5 ± 0.3 20.4 ± 0.6 107 ± 1 66 ± 2 1.7 ± 0.2 7.6 ± 0.6 5.2 ± 0.5 3.3 ± 0.3
C 10 11.1 ± 0.1 11.4 ± 0.1 18.5 ± 0.6 106 ± 2 65 ± 2 ± ± ± ±

B3
PP 21 11.1 ± 0.1 12.6 ± 0.1 20.3 ± 0.7 109 ± 3 67 ± 1 2.2 ± 0.3 8.7 ± 0.8 4.7 ± 0.4 3.4 ± 0.2
C 13 12.1 ± 0.3 12.5 ± 0.2 18.8 ± 0.7 109 ± 2 67 ± 2 ± ± ± ±

B5
PP 20 15.8 ± 0.4 15.4 ± 0.1 21.3 ± 0.6 115 ± 2 70 ± 2 2.9 ± 0.6 9.2 ± 0.8 5.0 ± 0.5 3.3 ± 0.4
C 16 15.4 ± 0.3 15.0 ± 0.1 19.8 ± 0.4 113 ± 2 69 ± 2 ± ± ± ±

Values are the mean ± SEM. B1±B5, Tanner breast stages I±V;
PP, premature pubarche; C, control subjects; CA, chronologi-
cal age; BA, bone age; BMI, body mass index; BP, blood pres-
sure; ACTH: adrenocorticotropin; 17-OHP, 17-hydroxypro-
gesterone; D4-A, androstenedione; DHEAS, dehydroepian-
drosterone-sulphate.

a Normal values for control prepubertal girls [mean ± SEM,
(n = 240)], basal 17-OHP: 1.2 ± 0.1 nmol/l; peak 17-OHP:
5.9 ± 0.3 nmol/l; D4-A: 2.4 ± 0.1 nmol/l; DHEAS: 0.97 ±
0.35 mmol/l



cose (nmol/l) divided by 25 [21]. All subjects had normal glu-
cose tolerance according to the Expert Committee on the Di-
agnosis and Classification of Diabetes Mellitus criteria [33].

The areas under the curve for glucose [mean serum glucose
(MSG)], and insulin [mean serum insulin (MSI)] were calculat-
ed according to the trapezoidal rule. The initial insulin re-
sponse to glucose (IRG), the glucose uptake rate in peripheral
tissues (M value) and the degree of peripheral sensitivity to in-
sulin (SI) were estimated simultaneously during the oral glu-
cose tolerance test as described previously [20, 21, 34]. Serum
glucose was measured by the glucose oxidase method. Immu-
noreactive insulin was assayed by IMX (Abbott, Madrid,
Spain). The mean intra- and interassay coefficients of variation
were 4.7 and 7.2 %, respectively. Individual values within 2SD
of that of the control group were considered as within the nor-
mal range.

Lipid and lipoprotein measurements. Serum lipids and lipopro-
teins were measured from the baseline blood samples during
the oral glucose tolerance test and LDL was calculated by the
Friedewald formula. Lipoprotein fractionation was done using
ultracentrifugation with a Centrikon T-1035, rotor type TFT
45.6 ultracentrifuge (Kontron International, Zurich, Switzer-
land). Total HDL was isolated by selective precipitation with
phosphotungstic acid-magnesium chloride and measured by
the CHOD-PAP method [35]. Serum and lipoprotein choles-
terol and triglycerides were measured using CHOD-PAP and
GPO-PAP based methods, respectively in a Hitachi 917 auto-
analyser (Boehringer Mannheim, Mannheim, Germany). The
mean intra- and interassay coefficients of variation were 2.2
and 2.0 %, respectively. Apolipoproteins Apo A-I and Apo B
were determined by kinetic nephelometry using specific anti-
bodies (Boehring Nephelometer Analyser). Apo C-II, Apo C-
III and Apo E were measured by radial immunodiffusion (Dai-
chii, Tokyo, Japan). Serum Lp(a) was measured by an enzy-
matic immunoassay (Macra Lp(a), Terumo Medical Corpora-
tion, Elkton, Md., USA). The intra- and interassay coefficients
of variation were 2.3 and 5.09 %, respectively.

Androgen measurements. Serum SHBG and total testosterone
were measured from baseline blood samples; SHBG was deter-
mined by RIA using monoclonal anti-SHBG antibodies [34],
and testosterone was measured using a commercially available

RIA kit (Diagnostic Products Corp., Los Angeles, Calif.,
USA) [20]. The free androgen index, equivalent to free test-
osterone was calculated according to the following formula:
[testosterone (nmol/l) ´ 100/SHBG (nmol/l)] [21, 34].

All samples were immediately centrifuged, and serum was
separated and frozen at ±20 °C until assayed.

Statistical analysis. Anthropometric data and hormonal results
are expressed as the mean ± SEM unless otherwise stated.
The Mann-Whitney nonparametric test was used to compare
lipid and hormonal values among independent groups. Corre-
lations were examined by using the Spearman's correlation
test. P values less than 0.05 were considered significant.

Results

Clinical data (Table 1). Body mass indexes did not
differ significantly between patients and control sub-
jects within the same Tanner stage. Mean systolic
and diastolic blood pressure values were similar in
patients and control subjects and were within the nor-
mal range in all subjects.

Androgen indexes, SHBG values and patterns of insu-
lin secretion (Table 2). Patients had lower SHBG con-
centrations at B1, B3 and B5 (p = 0.001; p = 0.01 and
p < 0.0001, respectively), and higher free androgen
indexes at B3 and B5 (p = 0.005 and p = 0.0002, re-
spectively) compared with control subjects.

The fasting insulin resistance index was similar in
patients and control subjects within the same Tanner
stage, although premature pubarche girls tended to
show higher values.

Patients and control subjects showed similar MSG
concentrations but those of MSI were higher in pa-
tients at all Tanner stages, as expected (p = 0.02;
p = 0.02; p < 0.0001 and p = 0.009 for B1, B2, B3 and
B5, respectively). Similarly, patients showed higher
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Table 2. Androgen indexes, SHBG values and insulin secretion patterns

Tanner
stage

n SHBG
(mmol/l)

FAI FIRI MSG
(mmol/l)

MSI
(mU/l)

IRG
(mU/mmol)

M
(mg/min)

SI
(mg × l� 2 × mmol� 1 ×
mU� 1 × min 1)

B1
PP 21 72.7 ± 5.0a 1.2 ± 0.1 1.7 ± 0.2 6.3 ± 0.2 43.2 ± 0.8f 5.2 ± 0.7 449.3 ± 22.9j 46.9 ± 3.4
C 14 102.3 ± 8.4 1.0 ± 0.1 1.3 ± 0.1 5.6 ± 0.3 31.3 ± 3.1 3.7 ± 0.4 362.6 ± 25.8 46.5 ± 0.9

B2
PP 19 52.2 ± 5.2 1.7 ± 0.2 2.5 ± 0.3 6.5 ± 0.1 65.7 ± 7.5f 8.2 ± 1.0 578.2 ± 19.1f 52.6 ± 2.9
C 10 58.1 ± 7.1 1.7 ± 0.2 2.0 ± 0.3 5.9 ± 0.2 44.7 ± 1.5 5.9 ± 0.9 516.3 ± 19.3 54.1 ± 4.7

B3
PP 21 53.9 ± 5.0b 2.0 ± 0.2d 2.3 ± 0.3 6.5 ± 0.1 63.8 ± 6.3c 8.1 ± 0.7h 595.4 ± 11.2 53.7 ± 2.5b

C 13 72.5 ± 7.3 1.2 ± 0.1 2.0 ± 0.3 5.8 ± 0.2 34.5 ± 2.8 5.0 ± 0.7 556.3 ± 19.3 63.4 ± 3.6

B5
PP 20 35.5 ± 3.3c 8.0 ± 1.5e 2.9 ± 0.9 6.0 ± 0.2 76.6 ± 11.8g 9.2 ± 1.3i 607.2 ± 10.6 56.9 ± 3.7b

C 16 73.3 ± 5.1 1.3 ± 0.1 1.8 ± 0.1 5.7 ± 0.1 39.9 ± 3.9 4.9 ± 0.3 609.3 ± 5.6 67.1 ± 2.1

Values are mean ± SEM. SHBG, sex hormone-binding globu-
lin; FAI, free androgen index [testosterone (nmol/l) � 100/
SHBG (nmol/l)]; FIRI, fasting insulin resistance index; MBG,
mean serum glucose; MSI, mean serum insulin; IRG, insulin

response to glucose; M, glucose uptake rate in peripheral tis-
sues; SI, sensitivity to insulin. a p = 0.001; b p = 0.01;
c p < 0.0001; d p = 0.005; e p = 0.0002; f p = 0.02; g p = 0.0004;
h p = 0.004; i p = 0.003 and j p = 0.009 vs control subjects



IRG at B3 and B5 (p = 0.004 and p = 0.003, respec-
tively), higher M values at B1 and at B2 (p = 0.009
and p = 0.02, respectively), and lower SI indexes at
B3 and B5 (p = 0.01 and p = 0.01, respectively). All
statistical differences persisted after adjustment for
BMI.

Lipid and lipoprotein profile (Table 3). Serum triglyc-
eride concentrations were higher in patients than in
control subjects throughout puberty (p = 0.01;
p = 0.006; p = 0.04 and p = 0.01 at B1, B2, B3 and B5,
respectively). Patients showed higher total cholester-
ol concentrations at B3 and B5 (p = 0.04 and
p = 0.004, respectively), lower HDL concentrations
at B2 (p = 0.003), higher LDL concentrations at B5
(p = 0.01), and higher VLDL-cholesterol and
VLDL-triglycerides at all pubertal stages (p values
ranging from 0.02 to < 0.0001). As a group, patients
showed higher triglyceride, total cholesterol, LDL,
VLDL-cholesterol and VLDL-triglyceride concen-
trations than control subjects (p < 0.0001; p = 0.001;
p = 0.01; p = 0.02 and p = 0.01, respectively).

Apo A-I, Apo B and Apo C-II, Apo C-III and Apo
E concentrations were similar in patients and control
subjects at all pubertal stages tested except at B3,
where premature pubarche girls showed higher Apo
B and Apo C-II values (p = 0.02 and p = 0.03, respec-
tively).

The LDL to HDL ratio was significantly higher in
patients than in control subjects throughout puberty,
while the Apo A-I/Apo B and HDL to Lp(a) ratios
showed no statistical differences between the two
groups (data not shown). All statistical differences
among groups persisted after adjustment for BMI.

The frequency distribution of Lp(a) concentra-
tions showed that values less than 0.10 g/l were most
frequent in control subjects (79 vs 53 % of patients).
The percentage of subjects with Lp(a) values greater

than 0.30 g/l was similar in patients and control sub-
jects (4 vs 5.1%, respectively) (Fig.1).

Correlations. Mean serum insulin concentrations cor-
related positively with those of triglyceride in all sub-
jects (r = 0.51, p < 0.0001) (Fig.2), and with the fast-
ing insulin resistance index in patients only (r = 0.52,
p = 0.02). Among others, significant correlations
were found between MSI and LDL and between SI
indexes and triglyceride concentrations in patients
(r = 0.35, p = 0.003 and r = ±0.5, p = 0.004, respective-
ly).

Serum SHBG correlated inversely with the MSI
and with triglyceride concentrations in all subjects
(r = ±0.52, p < 0.0001 and r = 0.37, p = 0.0006, respec-
tively).

No correlations were found between the different
lipid variables tested and the BMI, between the lev-
els of lipids or insulin and blood pressure values,
between Lp(a) levels and serum lipids, or between
lipid and lipoprotein values and the adrenal andro-
gen concentrations at premature pubarche diagno-
sis.

Discussion

Premature pubarche girls consistently have more hy-
perinsulinism, and higher triglyceride, VLDL-choles-
terol and VLDL-triglyceride concentrations than
normal girls both prepubertally and throughout pu-
berty. The lipid profile is further characterized by
higher LDL to HDL ratios, decreased HDL and in-
creased LDL concentrations, and higher total choles-
terol at most of the pubertal stages tested. Serum trig-
lyceride concentrations were positively correlated
with those of MSI and inversely with those of SHBG
in all subjects.
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Table 3. Lipid and lipoprotein profile in patients and control subjects

Tanner
stage

n TG
(mmol/l)

TC
(mmol/l)

HDL
(mmol/l)

LDL
(mmol/l)

VLDL-C
(mmol/l)

VLDL-TG
(mmol/l)

Apo A-I
(g/l)

Apo B
(g/l)

Apo C-II
(g/l)

Apo C-III Apo E

B1
PP 21 0.94 ± 0.11a 4.09 ± 0.09 1.74 ± 0.09 2.00 ± 0.15 0.20 ± 0.01f 0.46 ± 0.04h 0.94 ± 8.2 0.72 ± 0.03 0.03 ± 0.02 0.06 ± 0.05 0.04 ± 0.02
C 14 0.60 ± 0.04 4.08 ± 0.04 1.91 ± 0.18 1.94 ± 0.21 0.12 ± 0.01 0.31 ± 0.03 1.22 ± 0.10 0.76 ± 0.04 0.02 ± 0.01 0.06 ± 0.02 0.04 ± 0.01

B2
PP 19 1.19 ± 0.12b 4.37 ± 0.11 1.59 ± 0.1e 2.21 ± 0.02 0.3 ± 0.03g, j 0.56 ± 0.03i 1.03 ± 0.10 0.87 ± 0.05 0.02 ± 0.01 0.07 ± 0.03 0.04 ± 0.02
C 10 0.71 ± 0.03 4.16 ± 0.24 1.90 ± 0.06 2.18 ± 0.12 0.2 ± 0.01k 0.23 ± 0.01 1.03 ± 0.07 0.72 ± 0.03 0.02 ± 0.01 0.08 ± 0.01 0.04 ± 0.01

B3
PP 21 1.13 ± 0.15c 4.18 ± 0.14c 1.48 ± 0.08l 2.21 ± 0.13 0.25 ± 0.02c 0.50 ± 0.05i 1.12 ± 0.12 0.75 ± 0.04e 0.03 ± 0.01g 0.07 ± 0.01 0.03 ± 0.01
C 13 0.71 ± 0.03 3.71 ± 0.12 1.47 ± 0.07m 1.89 ± 0.08 0.19 ± 0.02 0.14 ± 0.01 0.96 ± 0.04 0.55 ± 0.02 0.02 ± 0.01 0.07 ± 0.01 0.04 ± 0.01

B5
PP 20 1.08 ± 0.11a 4.47 ± 0.16d 1.68 ± 0.09 2.42 ± 0.18a 0.60 ± 0.03f 0.83 ± 0.03in 0.96 ± 0.09 0.78 ± 0.04 0.02 ± 0.02 0.07 ± 0.03 0.04 ± 0.01
C 16 0.69 ± 0.05 3.77 ± 0.11 1.61 ± 0.13 1.80 ± 0.13 0.46 ± 0.01 0.49 ± 0.03n 0.99 ± 0.09 0.67 ± 0.03 0.02 ± 0.01 0.06 ± 0.02 0.03 ± 0.01

Values are the mean ± SEM. PP: premature pubarche; C: con-
trol subjects; TG: triglycerides; TC: total cholesterol; HDL,
LDL; VLDL-C: very low density lipoprotein cholesterol;
VLDL-TG: very low density lipoprotein triglyceride; Apo:
apolipoprotein.

a p = 0.01; b p = 0.006; c p = 0.04; d p = 0.004; e p = 0.003;
f p = 0.0007; g p = 0.03; h p = 0.02 and i p < 0.0001 vs control sub-
jects.
j p < 0.01; k p = 0.01; l p = 0.03; m p = 0.02; n p < 0.0001 vs prepu-
bertal values



This distinct lipid profile in premature pubarche
patients cannot be explained by differences in BMI
compared with control subjects, but seems to be
more related to hyperinsulinaemia and to the degree
of androgen excess, as documented by the above cor-
relations. This agrees with recent studies showing
that per cent body fat is correlated with insulin sensi-
tivity but has no relationship with plasma lipid con-
centrations [14]. Similarly, the male pattern of lipo-
protein lipid concentrations usually present in wom-
en with androgen excess, cannot be explained solely
by differences in body weight or composition; hyper-
androgenaemia and insulin resistance seem to be the
major contributors to their atherogenic lipid pattern
[24±26, 36±38].

Blood pressure was normal in all patients and nei-
ther the systolic nor the diastolic values showed corre-
lations with the serum concentrations of lipids or insu-
lin tested. Hypertension and insulin resistance are fre-
quently associated with an increased risk of cardio-
vascular disease [39]. Hypertension does not develop,
however, in all insulin-resistant subjects, and not all
hypertensive patients have insulin resistance and hy-

perinsulinaemia [39]. Previous studies have shown
significant correlations between diastolic blood pres-
sure and insulin sensitivity as well as insulin concen-
trations in prepubertal children [14]. The method we
used to estimate insulin sensitivity might account in
part for the lack of a relation among these variables.

In population-based studies, hyperinsulinaemia
has been associated with altered lipid concentrations,
especially elevated triglycerides and total cholesterol
and decreased HDL [4, 6]. Serum triglycerides are
correlated with insulin concentrations both in pati-
ents with primary hypertriglyceridaemia and in heal-
thy subjects [6, 12, 13]. Increased fasting triglyceride
is an independent risk factor for atherosclerosis [13]
and values above 1.69 mmol/l have been associated
with an increased risk of cardiovascular death [40].
In our group of premature pubarche girls, the most
consistent finding was an increase in serum triglycer-
ide, VLDL-cholesterol and VLDL-triglyceride con-
centrations at all pubertal stages. Forty per cent of
patients showed triglyceride values above the
mean + 2SD of those found in pubertal stage-mat-
ched control subjects, and in half of them the values
were greater than 1.69 mmol/l.

Increased LDL to HDL ratios were found in pati-
ents throughout puberty and were associated with el-
evated total cholesterol, Apo B and Apo-CII levels at
midpuberty and higher total cholesterol concentra-
tions postpubertally. High levels of LDL and of its
carrier protein, apo B, and decreased HDL and
Apo-AI concentrations have also been deemed inde-
pendent risk factors for the development of prema-
ture cardiovascular disease [40].

The frequency distribution of Lp(a) concentra-
tions showed that the per cent of subjects with Lp(a)
values greater than 0.30 g/l, considered to contribute
to a greater extent to atherogenesis, was similar in pa-
tients and control subjects. Serum Lp(a) track from
childhood and little variation in its levels are ob-
served after 5 years of age [41]. Interestingly, Lp(a)
levels less than 0.10 g/l were found most frequently
in control subjects suggesting that the increased an-
drogens in premature pubarche girls might exert a
regulatory role on serum Lp(a) levels due to their ca-
pability to influence hepatic metabolism pathways of
this glycoprotein [42].

Our results seem to support the contention that
the cluster of risk factors for cardiovascular disease
development already starts in childhood [12±14].
Therefore, pathophysiological connections between
hyperinsulinaemia and dyslipaemia can be hypothe-
sized. Insulin stimulates the proliferation of arteriolar
smooth muscle cells, augments collagen synthesis in
the vascular wall, increases the formation of lipid pla-
ques and enhances the production of plasminogen ac-
tivator inhibitor type I [43, 44]. The increased insulin
concentrations concurrent with the altered lipid pro-
file might begin this process already in the prepuber-
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tal period [13, 14, 41]. The addition of decreased
SHBG and increased insulin levels can subsequently
favour the development of Type II diabetes mellitus,
which conveys a further higher risk for cardiovascular
disease in these patients [21, 45].

In conclusion, hyperinsulinaemia, increased serum
triglyceride, VLDL-cholesterol, VLDL-triglyceride
and LDL to HDL ratios are common features in pre-
mature pubarche girls from childhood, supporting the
supposition that the cluster of highly atherogenic ab-
normalities of syndrome X can start in childhood.
These findings emphasize the supposition that pre-
mature pubarche is not a benign condition and we
recommend follow up of these patients through
adulthood to ascertain whether they are potentially
at risk for the development of premature cardiovas-
cular disease.
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