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Abstract

Objectives: To compare the pubertal development, the hormonal profiles and the prevalence of
hirsutism and menstrual disorders in obese adolescent girls and adolescent girls with type 1 diabetes
mellitus (T1DM).
Methods: Data were collected from 96 obese adolescent girls and 78 adolescent girls with T1DM at
Tanner stage IV or V, whose ages ranged between 11.9 and 17.9 years.
Results: High prevalence of hirsutism and menstrual disorder was found in the obese adolescent girls
(36.5 and 42% respectively) and the adolescent girls with T1DM (21 and 44% respectively). The obese
girls were significantly younger at pubarche, thelarche and menarche than the girls with T1DM.
Hirsutism in the obese girls and those with T1DM was associated with hyperandrogenaemia and a
raised free androgen index (FAI). When the cause of the raised FAI was investigated in both the groups
of girls with hirsutism, the raised FAI in the obese girls was due to low serum sex hormone-binding
globulin (SHBG) levels. In contrast, the raised FAI of the girls with T1DM and hirsutism was due to
hyperandrogenaemia. Menstrual disorders in the T1DM girls were associated also with hyperan-
drogenaemia unlike obese girls.
Conclusions: Hirsutism and menstrual disorders are common in obese adolescent girls and adolescent
girls with T1DM. Although hyperandrogenaemia is present in both groups of girls, the androgenic
profiles of the two groups differ. The hyperandrogenaemia in the obese girls is primarily due to their
decreased serum SHBG levels, whereas the hyperandrogenaemia in the girls with T1DM is due to their
increased androgen production.
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Introduction

An increased prevalence of hyperandrogenism has been
described in obese adolescent girls and adult women and
in those with type 1 diabetes mellitus (T1DM). In obese
girls and women, hyperandrogenism has been related to
their insulin resistance and hyperinsulinaemia (1, 2, 3).
In women with T1DM, the aetiology of their hyperan-
drogenism is unclear, and it has been proposed that their
hyperandrogenism is due to non-physiological insulin
replacement therapy (4, 5). Indeed, the results of several
laboratory and clinical studies have found that insulin
can also influence the production of ovarian and adrenal
androgens (6, 7, 8, 9, 10, 11).
ndocrinology
Since hirsutism and menstrual disturbances are two
clinical phenomena that are usually secondary to
hyperandrogenaemia, the prevalence of hirsutism and
menstrual disorders in obesewomenand thosewithT1DM
would be expected to be higher than those found in the
general female population (12, 13, 14, 15, 16). In women
with T1DM, menstrual disorders have been associated
with poor glycaemic control (15, 17, 18), weight gain (4)
and high-insulin doses (15). However, Escobar-Morreale
et al. (5) did not find a significant difference in glycaemic
control and insulin doses in hyperandrogenic and non-
hyperandrogenic women with T1DM.

Obese adolescent girls and those with T1DM share
a number of gynaecological characteristics and
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pathophysiological events. The prevalence of hirsutism
and its hormonal profile has been investigated only in
adult women (19, 20) and is unknown in obese
adolescent girls and adolescent girls with T1DM. To
the best of our knowledge, a systematic comparison on
the pubertal development, the prevalence of hirsutism
and menstrual disorders and the hormonal profile of
obese adolescent girls and adolescent girls with T1DM
has not been done. Hence, the objectives of our
investigation were: i) to first characterise the clinical
characteristics and the serum hormone profiles of obese
adolescent girls and adolescent girls with T1DM with
either hirsutism or a menstrual disorder; and ii) to
compare the prevalence, pubertal development and
hormonal profiles of hirsutism and menstrual disorders
in these two groups of adolescent girls.
Subjects and methods

Subjects

This was a cross-sectional study in which we compared
the pubertal development, hormonal profiles and
prevalence of hirsutism and menstrual disorders in 96
obese adolescent girls and 78 adolescent girls with
T1DM. The 174 study participants were recruited from
patients who presented for routine follow-up visits to
the Obesity and Nutrition Unit, Necker Children’s
Hospital, or the Paediatric Endocrinology and Diabetes
Unit, Necker Children’s Hospital and Robert Debré
Hospital in Paris, France between March 2006 and
March 2008. The institutional review board of both the
hospitals approved the study, and written informed
consent was obtained from all adolescent girls and their
parents before study inclusion.

All girls were younger than 18 years and were at
Tanner stage IV or V. None of the girls were pregnant,
had received sex steroids or any drug that was known to
affect ovarian function for at least 6 months before the
study, and did not show clinical signs of secondary
hyperandrogenism or other pubertal disorders. The girls
with T1DM were included in this study if they had been
diagnosed with autoimmune T1DM by the presence of
b-cell antibodies in their serum, and had been treated
with insulin from the time of its diagnosis. The obese
girls were included in the study if their body mass index
(BMI) Z-score without any medication was O2. Girls
were excluded from the study if they suffered from type
2 diabetes mellitus (T2DM) or other types of diabetes
mellitus, abnormal thyroid function, or suffered from a
genetic disease, Cushing’s disease, hyperprolactinaemia
or congenital adrenal hyperplasia.
Research strategy

The study girls were divided into eight cohorts: obese
girls with hirsutism, obese girls without hirsutism, girls
www.eje-online.org
with T1DM and hirsutism, girls with T1DM and
without hirsutism, obese girls with a menstrual
disorder, obese girls without a menstrual disorder, girls
with T1DM and a menstrual disorder and girls with
T1DMwithout a menstrual disorder. After collecting the
data on the clinical characteristics and the serum
hormone profiles of each cohort, we first compared the
clinical characteristics and the serum hormone profiles
of the obese girls with and without hirsutism, and those
with and without menstrual disorders. We did the same
comparison in the girls with T1DM. We then compared
the data from the obese girls with either hirsutism or a
menstrual disorder with those from the equivalent girls
with T1DM.

Methods

A standardised history was collected and a physical
examination was done on all the study girls by the
same physician. The family history (first degree) of
T2DM and obesity was recorded in both cohorts. In the
obese girls, the duration of obesity was established
by reviewing the anthropometric parameters in their
medical charts (this information was present in the
records of 77 of the 96 girls). For the girls with T1DM,
the duration of their diabetes mellitus was established
by reviewing their medical records.

For each study girl: height was measured using a
Harpenden stadiometer; BMI was calculated from each
girl’s weight (kg) and height (m) (21) and then
expressed as the Z-score according to the French
normative data (22); waist circumference was
measured at the narrowest point between the lower
costal margin and the iliac crest in the standing
position; and hip circumference was measured at the
widest point near the greater trochanter. The waist-
to-hip ratio was determined using these last two
measurements. The presence of acanthosis in the
study cohorts was clinically assessed.

We prospectively categorised each cohort into four
groups according to the presence or absence of
hirsutism and whether they have a history of menstrual
disorders. Hirsutism was considered to be present when
the modified Ferriman–Gallwey score was R8 (23).
Delayed puberty was considered to have occurred by the
absence of breast development by the time the girl was
13 years old. Menstrual disorders were assessed only in
girls whose gynaecological age was at least 2 years (24,
25, 26). Data on each girl’s pubertal development and
menstrual history were obtained retrospectively by
interviewing each girl and her mother and by reviewing
each girl’s medical record. For the menstrual history,
each girl was asked about whether she had more or less
than eight menstrual cycles per year, the cycle
regularity and the duration in days of each cycle during
the last 12 months. A menstrual disorder was
considered to be present under the following conditions:
the presence of primary or secondary amenorrhoea, the
complete absence of menstruation by the age of 16 or 4
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years after thelarche, the complete absence of men-
struation for three or more months; oligomenorrhoea
that is defined as menstruation that occurred at
intervals of O45 days or fewer than eight times
per year; polymenorrhoea that is defined as menstrua-
tion that occurred at intervals of !25 days; an
irregular menstrual cycle that is defined as both
oligomenorrhoea and polymenorrhoea occurring
during the past 12 months; and menorrhagia that is
defined as a menstrual period that lasted longer than
7 days (27, 28).
Determination of serum hormone levels

Fasting blood samples were obtained early in the
morning between the third and fifth days of the
menstrual cycle in girls with regular menstrual cycles
and randomly in girls with irregular menstrual cycles.
The following determinations were made in the serum
of all study participants: total testosterone (TT),
androstenedione (A), DHEAS and sex hormone-binding
globulin (SHBG). All androgen and SHBG assays were
done in the clinical biochemistry laboratory of the
Necker Children’s Hospital. Other assays were done by
identical methods either in the clinical biochemistry
laboratory of the Necker Children’s Hospital or that of
the Robert Debré Hospital. The serum levels of the
androgens were interpreted according to the reference
laboratory range for Tanner stage IV or V girls, namely
serum TT levels between 0.12 and 0.59 ng/ml, serum A
levels between 0.73 and 2.21 ng/ml, serum DHEAS
levels between 240 and 2389 ng/ml and serum
SHBG levels between 30 and 69 nmol/l (29). The free
androgen index (FAI) was calculated using the formula:
serum TT level (nmol/l)/serum SHBG level (nmol/l)!
100 (30).

Commercial RIA kits were used to measure serum TT
levels (Testo-CT2, CisBio International, Gif sur Yvette,
France); serum A levels (Immunotech, Marseille,
France) and serum DHEAS levels (Immunotech), in
accordance with each manufacturer’s instructions after
organic solvent extraction and celite column partition
chromatography for TT and A. Serum SHBG levels were
measured using a commercial RIA (SHBG-RIA CT,
CisBio International), according to the manufacturer’s
instructions. All serum determinations were made in
duplicate, and the average of the two measurements
was used in the statistical analysis of the data. The
sensitivity of the: i) TT assay was 0.03 ng/ml; ii) A assay
was 0.04 ng/ml; iii) DHEAS assay was 60 ng/ml; and
iv) SHBG assay was 0.5 nmol/l. The inter- and intra-
assay coefficients of variation for the: i) TT assay were
%7.5 and %7.0% respectively; ii) A assay were %8.1
and %11.9% respectively; iii) DHEAS assay were %7.4
and %10.5%, respectively; and iv) SHBG assay were
%5.2 and %5.5% respectively.

The obese adolescent girls underwent an oral glucose
tolerance test (OGTT) with measurements of blood
glucose and plasma insulin levels at 0, 30 and 120 min.
Serum HbA1c levels were also measured in these girls.
Their insulin release was determined by the homeostasis
model assessment of insulin resistance (HOMA-IR)
and calculated using the formula: fasting blood
glucose levels (mmol/l)!fasting plasma insulin level
(IU/ml)/22.5. Their insulin sensitivity was determined
by the homeostatic model assessment for b-cell function
(HOMA%B) and calculated using the following formula:
20!fasting plasma insulin level/fasting blood glucose
levelK3.5 (31, 32, 33). Blood glucose levels were
determined colorimetrically (Hitachi 977, Hitachi Ltd.).
Plasma insulin levels were determined using a radio-
immunometric sandwich assay (Bi-Insulin IRMA,
CisBio International). Serum HbA1c levels were
determined by HPLC (Tosoh Bioscience, Tokyo, Japan).
Statistical analysis

Data for normally distributed continuous variables are
presented as the meanGS.D. and data for non-normally
distributed continuous variables as the median (range).
Differences in categorical variables between the two
groups were tested by the c2 test or Fisher’s exact test,
when appropriate. Differences in the continuous vari-
ables were compared by a Student’s t-test or the
Wilcoxon rank-sum test when appropriate. Pearson
correlation coefficients and the associated probabilities
were calculated to assess the relationship between the
clinical or biological parameters and the serum
androgen levels. All statistical analyses were performed
by the R software package (www.R-project.org). All tests
were two sided and statistical significance was set at 5%.
Results

One hundred and three obese adolescent girls and 113
adolescent girls with T1DM met the inclusion and
exclusion criteria. The final number of study girls was
174 because seven obese girls and 35 girls with T1DM
refused to participate in the study. Table 1 summarises
the demography, clinical features and pubertal develop-
ment of the 96 obese girls and the 78 adolescent girls
with T1DM who participated in the study.
Comparison of the obese adolescent girls and
adolescent girls with T1DM

Pubarche, thelarche and menarche occurred signi-
ficantly earlier in the obese girls than in the girls with
T1DM. No differences in the duration of the menstrual
cycle and menses were found in the obese girls and the
girls with T1DM (Table 1). Puberty was delayed in one
obese girl and in six girls with T1DM (1 vs 7.7%
respectively; P!0.05).

The prevalence of hirsutism and acanthosis was
significantly higher in the obese girls than that found in
www.eje-online.org
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Table 1 Demography, pubertal development and clinical laboratory
characteristics of the 174 female study participants. Data are
displayed as either the median (minKmax) or meanGS.D.

Obesity T1DM

Number of study participants 96 78
Ethnic origin n (%)
European Caucasian 32 (33) 38 (49)
North African Caucasian 25 (26) 22 (28)
Black African 12 (12.5) 3 (4)
Other 27 (28) 15 (19)

Age (years) 14G1.4 14.3G1.5
Age at pubarche (years) 10.6G1.3* 11G1.4
Age at thelarche (years) 10G1.1† 11.4G1.2
Age at menarche (years) 11.9G1.2† 12.8G1.2
Duration of menstrual cycle
(days)

30 (15–150) 30 (20–120)

Menses duration (days) 5 (1–10) 5 (3–10)
BMI (Z-score) 3.8G0.8 0.8G1
Insulin dose (IU/kg per day) – 1.09 (0.3–1.6)
Serum HbA1c levels (%) 5.4 (4.7–6) 9.1 (6.2–13.4)
HOMA-IR 4.4 (1.3–37.6) –
HOMA%B 97.2G65.3 –

T1DM, type 1 diabetes mellitus; BMI, body mass index; HOMA-IR,
homeostatic model assessment of insulin resistance; HOMA%B, homeo-
static model assessment for b-cell function. *P!0.01, †P!0.001 and is the
significance of the difference between the values of the study parameter from
the obese girls and those from girls with T1DM.
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the girls with T1DM (hirsutism: 36.5 vs 20.8%;
P!0.03, and acanthosis: 51 vs 4%; P!0.001). The
Ferriman–Gallwey score of the girls with T1DM and
hirsutism was higher than that of obese girls with
hirsutism (13.4G4.3 vs 10.6G2.9; P!0.017). The
prevalence of menstrual disorders was similar in the
obese girls and the girls with T1DM (42 vs 44%;
P!0.9).

The FAI of the obese girls and T1DM girls with either
hirsutism or a menstrual disorder was not significantly
different from each other (PZ0.53 for the girls with
hirsutism and PZ0.58 for the girls with a menstrual
disorder) (Tables 2 and 3). However, the serum TT, A
and SHBG levels of the girls with T1DM and with either
hirsutism or a menstrual disorder were significantly
higher than those found in the obese girls with either
hirsutism or a menstrual disorder (serum TT levels:
P!0.05 and P!0.001 respectively; serum A levels:
P!0.05 and P!0.001 respectively, and serum SHBG
levels P!0.01 and P!0.001 respectively).

Lastly, the frequency of low serum SHBG levels was
greater in obese girls with either hirsutism or a
menstrual disorder than that found in T1DM girls
with either hirsutism or amenstrual disorder (hirsutism:
49 vs 18.7%; PZ0.06, and menstrual disorders: 65 vs
20%; P!0.01 respectively).
Obese adolescent girls

Obese adolescent girls with hirsutism Hirsutism was
found in 35 (36.5%) of the 96 obese adolescent girls.
www.eje-online.org
The prevalence of hirsutism in the European Caucasian
obese girls was significantly lower than that found in
the obese girls of other ethnic origins (22 vs 44%;
PZ0.04). The mean Ferriman–Gallwey score in obese
girls with hirsutism was 10.6 (8–19). The prevalence of
T2DM or obesity in first-degree family members of the
obese girls with hirsutism was not significantly different
from that found in the obese girls without hirsutism
(T2DM: 25.7 vs 15%; P!0.19 and obesity: 45.7 vs
41.7%; P!0.7).

Compared with the obese girls without hirsutism, the
obese girls with hirsutism were significantly younger at
thelarche and non-significantly younger at pubarche
and menarche (Table 2). The prevalence of menstrual
disorders in the obese girls with hirsutism was not
significantly different from that found in the obese girls
without hirsutism (13/29 (45%) in the obese girls with
hirsutism vs 7/19 (37%) in obese girls without
hirsutism; PZ0.58).

No statistical significant differences were found for
BMI, waist circumference, waist-to-hip ratio, prevalence
of acanthosis, blood glucose and plasma insulin levels at
OGTT, serum HbA1c levels, the HOMA-IR and the
HOMA%B in these two groups of obese adolescent girls
(Table 2). The FAI and the serum TT, A and DHEAS
levels in the obese adolescent girls with hirsutism were
significantly higher than those found in the obese
adolescent girls without hirsutism. The serum SHBG
levels in these two groups of obese girls were similar.

Obese adolescent girls with a menstrual disorder
Forty-eight of the 96 obese adolescent girls had a
gynaecological age of 2 or more years, and of these 48
girls, 20 (42%) had a menstrual disorder. Specifically,
ten (50%) of these 20 girls had oligomenorrhoea, three
(15%) had polymenorrhoea, six (30%) had irregular
menstrual cycles and one (5%) had menorrhagia. The
prevalence of T2DM or obesity in first-degree family
members of the obese adolescent girls with a menstrual
disorder was not significantly different from that found
in the obese girls without a menstrual disorder (T2DM:
15 vs 21.4%; P!0.7 and obesity: 50 vs 43%; P!0.6).

The age at puberty of the obese girls with a menstrual
disorder was not significantly different from that of the
obese girls without a menstrual disorder (Table 2). The
duration of obesity in the obese girls with a menstrual
disorder was longer than that of the obese girls without
a menstrual disorder (11.5 (7.1–13.7) vs 10 (3.6–13.9)
years; PZ0.04). A similar finding was found for the
BMIs and waist circumferences of these two groups of
obese girls. The prevalence of hirsutism and acanthosis
was not significantly different between these two groups
of adolescent girls (Table 2).

The OGTT 30 min insulin response of the obese girls
with a menstrual disorder was significantly greater
(P!0.007) than that found in the obese girls without a
menstrual disorder. No significant differences in the
blood glucose and plasma insulin levels at the other two
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Table 2 Pubertal development and clinical laboratory characteristics of the obese adolescent girls with or without hirsutism or a menstrual
disorder. Data are displayed as the median (minKmax). Menstrual disorders were assessed only in girls whose gynaecological age was 2
or more years.

OB HC OB HK P value OB MDC OB MDK P value

n (%) 35 (36) 61 (64) – 20 (42) 28 (58) –
Age (years) 14.4 (12.2–16.2) 13.9 (12–17.9) NS 15 (13.1–16.2) 15 (12–17.9) NS
Age at pubarche (years) 10 (7–13.6) 10.6 (8–13) NS 10.6 (7–12.5) 10 (8–12.6) NS
Age at thelarche (years) 10 (8–13) 10.6 (8–12.6) 0.03 10 (8–12.5) 10 (8–12.6) NS
Age at menarche (years) 11.6 (10–14.8) 12.0 (9–14.9) NS 12 (10–13.6) 11 (9–14) NS
BMI (Z-score) 3.7 (2.4–5.8) 3.9 (2.3–5.2) NS 4.2 (2.4–5.3) 3.5 (2.7–5.8) 0.048
WC (cm) 95.5 (82–130) 98 (73–140) NS 104.5 (82–140) 98 (82–128) 0.03
WHR 0.8 (0.8–1.1) 0.9 (0.8–1.3) NS 0.9 (0.8–1.2) 0.8 (0.8–1) NS
Hirsutism (%) 7 (37) 12 (63) NS
Acanthosis (%) 21 (60) 28 (46) NS 10 (50) 12 (43) NS
FPG (mmol/l) 4.7 (3.8–6.5) 4.6 (3.9–5.6) NS 4.7 (4–5.7) 4.7 (3.8–6.5) NS
FPI (mIU/l) 21.9 (7.9–130) 20.7 (7.2–123) NS 23.9 (9–55) 17.7 (7.6–130) NS
120 min PG at OGTT (mmol/l) 5.6 (3.2–8.2) 5.5 (3.6–7.8) NS 5.5 (4.2–8.2) 5.5 (3.2–8.2) NS
30 min PI at OGTT (mU/l) 127 (22–397) 115 (18–341) NS 164 (41–290) 94 (22–313) 0.007
Serum HbA1c (%) 5.3 (4.7–6) 5.4 (4.7–5.9) NS 5.3 (4.7–6) 5.3 (4.7–5.7) NS
HOMA-IR 4.7 (1.3–37.6) 4.3 (1.6–27.9) NS 4.4 (1.7–13.9) 3.8 (1.3–37.6) NS
HOMA%B (%) 87.4 (38.1–397) 85.4 (24.2–478.9) NS 94 (38.4–196.5) 69 (28.8–396.5) NS
Serum DHEAS (ng/ml) 1924 (746–4935) 1271 (243–3704) !0.001 1819 (387–4935) 2031 (243–3729) NS
Serum A (ng/ml) 1.8 (0.3–4.1) 1.4 (0.6–3) 0.053 1.8 (0.8–3) 1.9 (0.6–4.1) NS
Serum TT (ng/ml) 0.4 (0.1–1) 0.3 (0.1–0.9) 0.004 0.4 (0.1–0.9) 0.3 (0.1–1) NS
Serum SHBG (nmol/l) 26.4 (4–86) 24.5 (7.7–112) NS 20 (4–43) 25.4 (10–76) NS
FAI (nmol/nmol per l) 5.7 (0.7–40) 2.6 (0.8–8.6) 0.004 5.7 (1–39.9) 4.3 (0.8–11.5) NS

T1DM, type 1 diabetes mellitus; OB, obesity; H, hirsutism; HC, with hirsutism; HK, without hirsutism; MD, menstrual disorder; MDC, with a menstrual
disorder; MDK, without a menstrual disorder; BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; FPG, fasting plasma glucose; FPI,
fasting plasma insulin; PG, plasma glucose; PI, plasma insulin; OGTT, oral glucose tolerance test; HOMA-IR, homeostasis model assessment of insulin
resistance; HOMA%B, homeostatic model assessment for b-cell function; A, androstenedione; TT, total testosterone; SHBG, sex hormone-binding globulin;
FAI, free androgen index; NS, not significant.
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time points of the OGTT, the serum HbA1c levels and
the indices of insulin secretion and sensitivity were
found in these two groups of obese girls (Table 2). The
serum androgen levels in these two groups of obese girls
were similar. Serum SHBG levels were decreased to the
same extent in these two groups. The FAI of the obese
girls with a menstrual disorder was not significantly
different from that found in the obese girls without a
menstrual disorder.

Relationship between FAI and the study parameters
of the obese adolescent girls Waist circumference was
significantly correlated (R2Z0.35; P!0.01) with the
FAI of the obese girls. Neither the serum HbA1c levels
nor the two insulin indices were significantly correlated
with the serum androgen levels.
Adolescent girls with T1DM

Adolescent girls with T1DM and hirsutism Hirsut-
ism was found in 16 (21%) of the 78 girls with T1DM.
Although the prevalence of hirsutism in the European
Caucasian girls with T1DM was lower than that of the
T1DM girls of other ethnic origins, this difference was
not statistically significant (13 vs 28%; PZ0.11).
The mean Ferriman–Gallwey score in the girls with
T1DM and hirsutism was 13.4 (8–22). The prevalence
of T2DM and obesity in first-degree family members of
the girls with T1DM and hirsutism was higher, but not
statistically significant, than that of the girls with T1DM
and without hirsutism (T2DM: 33 vs 11.7%; PO0.05
and obesity: 20 vs 6%; P!0.1).

The girls with T1DM and hirsutism were significantly
older than the girls with T1DM and without hirsutism.
No statistically significant differences were found for the
ages at pubarche, thelarche and menarche and the
prevalence of menstrual disorders for these two groups
of T1DM girls (62% in girls with T1DM and hirsutism vs
30% in girls with T1DM and without hirsutism;
PZ0.07).

Among the girls with T1DM, the waist circumfer-
ences of those with hirsutism were significantly higher
than those without hirsutism, whereas their BMI values
were similar. The duration of the disease in the girls
with T1DM and hirsutism was longer than that of the
girls with T1DM and without hirsutism (6.7 (1.9–14.5)
vs 4.8 (0.4–12.6) years; PZ0.02), and the girls with
T1DM and hirsutism had non-significant higher daily
insulin requirements and serum HbA1c levels than the
girls with T1DM and without hirsutism. The FAI, and
serum A and DHEAS levels of the girls with T1DM and
hirsutism were significantly higher than those found in
the girls with T1DM and without hirsutism. No
significant differences were found in the serum TT and
SHBG levels of these two groups of girls with T1DM
(Table 3).
www.eje-online.org
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Table 3 Pubertal development and clinical laboratory characteristics of the adolescent girls with T1DM with or without hirsutism or a
menstrual disorder. Data are displayed as median (minKmax). Menstrual disorders were assessed only in girls whose gynaecological age
was two or more years.

T1DM HC T1DM HK P value T1DM MDC T1DM MDK P value

n (%) 16 (21) 62 (79) – 15 (44) 19 (56)
Age (years) 15.5 (13–17.4) 14 (11.9–17.5) !0.001 15.5 (13.9–17.4) 14.7 (11.9–17.5) 0.11
Age at pubarche (years) 10.6 (8–14) 11 (8–14) NS 10.6 (8–14) 10.5 (8–13) NS
Age at thelarche (years) 11.3 (8.6–13) 11.3 (8–13.8) NS 11 (8–13) 10.5 (8–12) NS
Age at menarche (years) 13 (11–14) 13 (10–15.3) NS 13 (11–14) 12 (10–14.5) 0.02
BMI (Z-score) 1.1 (K0.7–3.7) 0.8 (K2.1–2) NS 1.06 (K0.7–2) 1.3 (0.4–2.9) NS
WC (cm) 77 (69–90) 70 (61–85) !0.001 75.5 (69–88) 73 (70–85) NS
WHR 0.8 (0.7–1) 0.8 (0.7–1.8) NS 0.8 (0.7–1) 0.8 (0.7–0.9) NS
Hirsutism (%) 8 (62) 5 (39) NS
Insulin dose (IU/kg per day) 1.1 (0.7–1.3) 1 (0.3–1.6) NS 1 (0.3–1.5) 1.1 (0.6–1.6) NS
Serum HbA1c (%) 9.6 (6.2–12.2) 8.6 (6.7–13.4) NS 9.3 (6.2–13.4) 8.6 (6.7–13.3) NS
Serum DHEAS (ng/ml) 1978 (622–5196) 1004 (208–2729) !0.001 1931 (765–4116) 1709 (722–5196) NS
Serum A (ng/ml) 2.6 (1.1–6.7) 1.9 (0.7–3.8) 0.03 2.9 (1.6–5.7) 1.9 (1.1–3.6) 0.001
Serum TT (ng/ml) 0.6 (0.2–1.4) 0.5 (0.1–1.1) 0.29 0.7 (0.2–1.4) 0.5 (0.2–1) 0.01
Serum SHBG (nmol/l) 47 (16–92) 52.5 (15–115) 0.19 43 (15–59) 47 (24–81) NS
FAI 5.8 (1–23) 2.9 (0.8–14.9) 0.04 6.5 (2.1–23.1) 3.6 (1.1–14.9) 0.01

T1DM, type 1 diabetes mellitus; H, hirsutism; HC, with hirsutism; HK, without hirsutism; MD, menstrual disorder; MDC, with a menstrual disorder; MDK,
without a menstrual disorder; BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; A, androstenedione; TT, total testosterone; SHBG, sex
hormone-binding globulin; FAI, free androgen index; NS, not significant.
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Adolescent girls with T1DM and a menstrual
disorder Thirty-four of the 78 girls with T1DM had
gynaecological ages of 2 or more years, and of these
34 girls, 15 (44%) had amenstrual disorder. Specifically,
nine (60%) of these 15 girls had oligomenorrhoea, one
(6%) had secondary amenorrhoea and five (33%) had
irregular menstrual cycles. The prevalence of T2DM or
obesity in first-degree family members of girls with
T1DM and a menstrual disorder was not significantly
different from those girls with T1DM and without a
menstrual disorder (T2DM: 28.6 vs 15.8%; PZ0.42
and obesity: 21.4 vs 10.5%; PZ0.62). Although
menarche in the girls with T1DM and a menstrual
disorder occurred later than in the girls with T1DM and
without a menstrual disorder, no significant differences
were found in the age at pubarche or thelarche in these
two groups of girls with T1DM.

Among the girls with T1DM, no significant
differences in BMI, waist circunference, waist-to-hip
ratio, prevalence of hirsutism, duration of diabetes
mellitus, daily insulin dose and serum HbA1c levels
were found between those with and without a
menstrual disorder. The FAI and the serum TT and A
levels in the girls with T1DM and a menstrual disorder
were significantly higher than those found in girls with
T1DM and without a menstrual disorder. No significant
differences were found in the serum DHEAS and SHBG
levels in these two groups of girls with T1DM (Table 3).

Relationship between FAI and the study parameters
in girls with T1DM The FAI was significantly
correlated with their BMI (R2Z0.36; P!0.01), their
waist circumference (R2Z0.50; P!0.001) and their
serum HbA1c levels (R2Z0.44; P!0.001).
www.eje-online.org
Discussion

The purpose of this study was to evaluate and compare
the prevalence of hirsutism or a menstrual disorder, the
pubertal development and the hormonal profiles of
obese adolescent girls and adolescent girls with T1DM.
Although a few studies have investigated these
characteristics in obese adolescent girls and adolescent
girls with T1DM, to the best of our knowledge, this is the
first investigation that has compared the clinical and
biological characteristics of hirsutism or menstrual
disorders in these two groups of adolescent girls.

We found that pubertal development in the obese
adolescent girls occurred earlier than that in the
adolescent girls with T1DM. This finding is in agreement
with what has been reported by others in obese (34)
and adolescent girls with T1DM (35, 36, 37, 38).

We found that the prevalence of hirsutism in our
cohort of obese adolescent girls was 36.5%, which is
higher than that found in healthy women (2–8%) (39,
40) and adolescent girls (6%) (41). To the best of our
knowledge, there are no reports on the prevalence of
hirsutism in obese adolescent girls independently of the
presence of polycystic ovary syndrome. We also found
menstrual disorders in 42% of the obese adolescent
girls. This prevalence was higher than that previously
reported in obese adolescents (27.2%) (42), in obese
women (26% (43), 30% (44) and 35.7% (45)) and in
healthy French girls (20%) (unpublished data from an
epidemiological study of the Institut Inter Regional Pour
La Santé).

The results of previous investigations reported the
existence of a relationship among the degree of obesity,
hyperinsulinism, the decline in serum SHBG levels and
hyperandrogenism in obese girls and women (2, 12, 14,
Downloaded from Bioscientifica.com at 08/22/2022 09:17:13PM
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42, 43, 46). This finding is at variance with the results of
our study because the obese girls with hirsutism, despite
their hyperandrogenism that correlated with their waist
circumference, did not have a greater degree of obesity,
higher plasma insulin levels or lower serum SHBG levels
than the obese girls without hirsutism. In accordance
with our findings, menstrual disorders in obese women
have been associated with a high degree and early onset
of obesity, centrally distributed body fat (12, 14, 43, 47)
and a high 30 min insulin peak in the OGTT (48). We
found no significant differences in the serum androgen
levels of the obese adolescent girls with a menstrual
disorder than those without a menstrual disorder. This
finding of no difference could be due to i) the small
sample of adolescent girls in each of these study
subgroups or ii) factors other than hyperandrogenism,
such as failure of the normal feedforward and feedback
signaling between the pituitary and ovaries. Indeed, Yoo
et al. (49) found increased LH pulse frequency in obese
girls with oligomenorrhoea in the absence of clinical
and/or biochemical evidence of hyperandrogenism.

The prevalence of hirsutism in our cohort of
adolescent girls with T1DM was 21%. Since we are
not aware of other published reports on the prevalence
of hirsutism in adolescent girls with T1DM, we are
unable to make a compare-and-contrast analysis of our
finding. However, we can comment that our finding of
the 21% prevalence of hirsutism in our cohort of
adolescent girls with T1DM is markedly higher than the
7.1% prevalence of hirsutism in non-diabetic women
(39) and almost as high as the 30% prevalence of
hirsutism in T1DM women that was reported by
Escobar-Morreale et al. (5) and Codner & Escobar-
Morreale (19).

We found that the prevalence of a menstrual disorder
in the adolescent girls with T1DM was high (44%). This
value of prevalence was higher than that previously
reported by Schroeder et al. (18) (19%), but almost as
high as that reported by Adcock et al. (15, 50) (54%)
and Gaete et al. (15, 50) (58.9%) in adolescent girls with
T1DM.

The results of previous investigations have found that
a high BMI, large insulin doses, a high serum HbA1c
level, a large LH/FSH ratio and a low SHBG level are all
associated with menstrual irregularities in adolescent
girls with T1DM (15, 18, 50). However, Gaete et al. (15)
reported that the prevalence of oligomenorrhoea in girls
with T1DM whose serum HbA1c levels below 7.6% is
similar to that found in girls with T1DM, whose serum
HbA1c levels are greater than 9%. In the adolescent
girls with T1DM, we found that their glycaemic control
was correlated with their hyperandrogenism. The
intensive insulin therapy, which is usually needed to
achieve good glycaemic control in T1DM women, may
result in high circulating insulin levels. These increased
circulating levels result in increased insulin exposure of
the hypothalamus, ovaries and adrenal glands, which
could promote the development of a menstrual disorder
in these women (4, 19, 20, 51). However, in our cohort
of adolescent girls with T1DM, we found no significant
differences in the daily insulin doses that were given to
the girls with and without hirsutism or the girls who
complained of a menstrual disorder. In keeping with
these results, a previous study of women with T1DM
detected no significant differences in the insulin dosage
or the glycaemic control of these women with or
without hyperandrogenism (5). The only clinical
characteristic that we found to be significantly different
was the waist circumference of the adolescent girls with
T1DM and hirsutism compared with that measured in
those adolescent girls with T1DM and without hirsut-
ism. This difference in waist circumference may be due
to the high insulin resistance, which is frequently found
in adolescent girls with T1DM, and the secondary
hyperinsulinaemia, which is associated with a gain in
fat mass throughout puberty in such girls (52).

In our study, we found the hyperandrogenic girls with
T1DM had high FAI and high serum A levels, but
normal serum SHBG levels. Roldan et al. (20) reported
that hyperandrogenic women with T1DM have
increased serum levels of free testosterone and A, and
normal serum SHBG levels. They also reported that
these women have normal serum DHEAS levels after the
ACTH stimulation test. Their findings suggest that
the contribution of the adrenal gland secretions to the
androgen excess of these women is small. Nonetheless,
we found high serum DHEAS levels in adolescent girls
with T1DM and hirsutism. Our result could mean that
the adrenal gland secretions may contribute to the
development of hyperandrogenism in girls with T1DM.

We also investigated the mechanism of hyperandro-
genism in obese adolescent girls and adolescent girls
with T1DM. We found that FAI values were similar in
the two groups of girls with either hirsutism or a
menstrual disorder, but their androgen profiles differed.
Specifically, the serum androgen levels were higher in
the adolescent girls with T1DM than in the obese
adolescent girls. We speculate that the difference in the
androgen profiles could be due to different sources of the
excess androgens. In the obese girls, insulin resistance
and hyperinsulinaemia with increased intraportal
insulin levels inhibit hepatic SHBG production, thereby
increasing the FAI (2, 12, 46, 53). In the girls with
T1DM, subcutaneously administered insulin is associ-
ated with increased peripheral bioavailability of insulin
and low intraportal insulin levels and reduced inhi-
bition of hepatic SHBG production (4, 15, 19).
Although serum androgen levels in the adolescent
girls with T1DM were higher than those in the obese
adolescent, hirsutism was more common in the obese
girls. We posit that the prevalence of hirsutism in the
obese girls is due to their increased androgen bioavail-
ability and their low serum SHBG levels.

A limitation of the study could be the fact that no
control group was included. Such a group could not be
incorporated into the study because venous blood
www.eje-online.org
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sampling in healthy children was not deemed ethical by
the institutional review board. Furthermore, the daily
insulin doses that were reported by the adolescent girls
with T1DM are a subjective parameter, and may have
been overestimated or underestimated by the girls. We
were also unable to establish the existence of an
association between those factors that are usually
associated with hyperandrogenism in obese girls,
namely the degree of obesity and hyperinsulinaemia
and hyperandrogenism in girls with T1DM, namely
BMI, insulin dose and glycaemic control. The reason for
our inability to establish such an existence was the
small number of each study cohort, which prevented us
from doing linear regression analysis.

The results of this study confirm that puberty occurs
earlier in obese adolescent girls than those with T1DM.
The results also show that the prevalence of hirsutism
and menstrual disorders is high in obese adolescent girls
and adolescent girls with T1DM. Although the serum
free testosterone levels are elevated in these two groups
of adolescent girls, their androgenic profiles differ. The
obese girls showed hyperandrogenaemia, which is
mostly secondary to their decreased serum SHBG levels,
whereas the girls with T1DM have increased androgen
production. Thus, routine evaluations for hirsutism and
menstrual disorders in adolescent girls and adolescent
girls with T1DM must be done regularly. The follow-up
of such girls should include a complete record of their
menstrual history, a physical examination and FAI
determination at regular intervals.
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