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Abstract
Purpose  To correlate the clinical, hormonal, biochemical and ultrasound parameters in adolescent patients with polycystic 
ovarian syndrome (PCOS) and to compare them with adult patients.
Methods  This was a prospective, correlational study. 50 adult (20–35 years) and 50 adolescent patients (15–19 years) who 
had features of PCOS (Rotterdam Criteria, 2003) were selected. The control group comprised of 50 women of same age in 
each group with normal parameters. Pelvic ultrasound was done in early follicular phase (3–5th day of menstrual cycle). 
Assessment of hormonal and biochemical parameters (LH/FSH ratio, free testosterone level, lipid profile and fasting glucose/
insulin ratio) and grey-scale ultrasound was done.
Results  No significant difference was observed in menstrual pattern in adults and adolescents with PCOS. The mean values of 
serum LH/FSH ratio and free testosterone were significantly higher in both adult and adolescent PCOS patients as compared 
to their controls (p < 0.001). The mean value of serum insulin was significantly higher (p < 0.001) with positive correlation 
(adult: r = 0.655, p < 0.01; adolescent: r = 0.451, p < 0.01) of serum insulin with free testosterone. Hyperandrogenemia 
without hyperinsulinemia was found in 56% adolescent and 60% adult PCOS patients. 82% adolescent and 88% adult PCOS 
patients showed multiple follicles (> 5) on ultrasound. The ovarian morphology had positive correlation with serum LH and 
free testosterone. The mean ovarian volume was significantly higher in adult (10.48 ± 4.38 vs. 4.17 ± 0.91) and adolescent 
(11.08 ± 5.82 vs. 4.23 ± 0.89) PCOS patients, when compared with controls, respectively.
Conclusion  No statistically significant difference was noted in PCOS between adults and adolescents.
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Introduction

Polycystic ovarian syndrome (PCOS) is one of the most 
common human endocrinopathies, affecting 6–10% of 
women of reproductive age [1]. PCOS is characterized 
by hyperandrogenism, ovulatory dysfunction and poly-
cystic ovarian morphology on ultrasound [2]. Out of the 
three features, hyperandrogenism is the most consistent 
feature of PCOS both in adults and adolescents [3]. The 
signs and symptoms of PCOS during adolescence are often 
overlapped by characteristics of normal puberty. It is also 
associated with long-term significant morbidity in terms 
of metabolic syndrome, impaired reproductive function, 
psychosocial problems and increased risk of cancer [4]. 
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The majority of adolescent patients with menstrual cycle 
disorder and high LH concentration continue to suffer from 
ovulatory disorder during adulthood [5]. Hereby, we have 
compared the clinical, hormonal, biochemical and ultra-
sound parameters of adolescent PCOS patients with that 
of adult PCOS.

Material and Methods

The study was done after approval of institutional ethical 
committee and was in accordance with the 1964 Declaration 
of Helsinki and its later amendments. Two groups of patients 
with PCOS, 50 adults and 50 adolescents were part of this 
prospective, correlational study. Two groups of healthy 
volunteers, one for adult (age group 20–35 years, n = 50) 
and another for adolescents (age group 15–19 years, n = 50, 
menarche 2 years or more before the study) were taken as 
controls. These groups were further divided on the basis of 
body mass index (BMI) into obese (BMI > 27 kg/m2) and 
non-obese (BMI ≤ 27 kg/m2).

Inclusion Criteria

Patients having oligomenorrhoea (> 35 days cycle length) 
or amenorrhoea (absent menstruation for last three months), 
hirsutism, acne or seborrhoea (modified Ferriman and Gall-
wey Score ≥ 8), [6] LH/FSH ratio > 2, ultrasound (transab-
dominal/transvaginal) features suggestive of PCOS were 
included. The diagnosis of PCOS was based on Rotterdam 
criteria with the presence of at least two out of three find-
ings (i) oligo- or anovulation (ii) clinical and/or biochemical 
signs of hyperandrogenism (iii) polycystic ovaries on ultra-
sound— the presence of ≥ 12 follicles, 2–9 mm in diameter, 
and/or increased ovarian volume (> 10 ml) [7].

Exclusion Criteria

Patients with Cushing’s syndrome, congenital adrenal hyper-
plasia, hypothyroidism or hyperthyroidism, adrenal or ovar-
ian tumours or hyperprolactinaemia and women on oral con-
traceptives for last four months were excluded.

The women in the control group had regular menstrua-
tion, normal LH/FSH ratio, no hirsutism and normal pel-
vic ultrasound. All tests were performed in early follicular 
phase (cycle days 3–5) in controls and oligomenorrhoeic 
patients while at random in cases with amenorrhea. BMI 
was calculated as weight (kg) divided by height (m2). 
Waist–hip ratio (WHR) was calculated from the circumfer-
ence measured in duplicate in supine position (waist: mid-
way between the lower rib margin and the iliac crest, hip: 
widest circumference over the greater trochanters). Blood 
samples were taken after overnight fasting on the day of 

ultrasound. Serum LH, FSH, T3, T4, TSH, prolactin and free 
testosterone estimation was done by immunoradiometric 
assay by using coat-A count/RMA kit DPC Mumbai. Serum 
insulin estimation was done by using BARC, RIA Kit Mum-
bai. Blood glucose estimation was done by autoanalyzer. 
Pelvic ultrasound was performed using 2–5 MHz transab-
dominal and 5–9 MHz transvaginal transducers (Diagnos-
tic Ultrasound, iU22—Philips Medical system, California, 
the USA). Ovarian volume was calculated using simplified 
formula for prolate ellipsoid (0.5 × length × width × thick-
ness) [8].

Ovarian roundness index was expressed as the ratio 
between the second-largest diameter (in width) over the 
maximum diameter (length). Ovarian stromal echogenicity 
was scored as normal (score 1), moderately increased (score 
2) and markedly increased (score 3). The number of follicles 
was established with scanning of each ovary from the inner 
margin to the outer margin in the longitudinal cross section 
depending upon the longitudinal diameter of the follicle. 
The size of the follicle was calculated from the mean of two 
diameters (longitudinal and anteroposterior).

Statistical Analysis

The values were expressed as mean ± standard deviation. 
The correlation was analyzed using Karl's Pearson correla-
tion coefficient (r). P < 0.05 was considered significant. All 
the analysis was done using SPSS-20 version for Windows.

Results

The mean BMI of adult PCOS patients and their age-matched 
controls was 26.14 ± 3.38 kg/m2 and 26.13 ± 3.61 kg/m2, 
respectively. Similarly, the mean BMI of adolescent PCOS 
patients and their controls was 27.10 ± 4.55  kg/m2 and 
26.22 ± 2.44 kg/m2, respectively (Table 1).

In adolescent PCOS patients, oligomenorrhoea was the 
most common (62%) presenting complaint followed by 
Android obesity (60%), obesity (58%) and hirsutism (42%). 
In adult PCOS patients, oligomenorrhoea (82%), primary 
infertility (76%), Android obesity (48%), obesity (46%) and 
acne (40%) were the main complaints.

Different endocrinological parameters in adult and ado-
lescent PCOS patients and their controls showed the mean 
value of serum LH, LH/FSH ratio and free testosterone to 
be significantly higher (p < 0.01), both in adults and adoles-
cents as compared to their controls. However, when these 
values were compared between the adult and adolescent 
patients, there was statistically insignificant difference 
(Table 1).

Hyperinsulinemia was present in PCOS patients 
(p < 0.001 in adults and < 0.01 in adolescents) with, however, 
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no statistical difference in fasting blood sugar level. The glu-
cose/insulin ratio was statistically low along with increased 
fasting insulin in both groups of PCOS patients as compared 
to their controls showing evidence of insulin resistance. No 
statistically significant difference was observed between 
adolescents and adults.

Similarly, when serum lipid profiles of adult and adoles-
cent PCOS patients were compared with BMI-matched con-
trols, there was no statistical difference (p > 0.05) (Table 2). 
There was a significant positive (p < 0.01) correlation of 
serum LDL (adult: r = 0.809, p < 0.01; adolescent: r = 0.323, 
p < 0.05), triglycerides (adult: r = 0.610, p < 0.01; adoles-
cent: r = 0.645, p < 0.01) and cholesterol (adult: r = 0.456, 
p < 0.01; adolescent: r = 0.373, p < 0.01) with BMI, while 

serum HDL negatively correlated (adult: r = −  0.577, 
p < 0.01; adolescent: r = − 0.530, p < 0.01) with BMI in both 
adult and adolescent PCOS patients (Table 3). At the same 
time, there was no correlation of serum-free testosterone 
with lipid profile in both adults and adolescents. Serum-free 
testosterone positively correlated (statistically significant) 
with WHR (> 0.85) in both adult (r = 0.396, p < 0.01) and 
adolescent (r = 0.471, p < 0.01) PCOS patients (Table 4).

Comparative study of ultrasonographic parameters in 
adult and adolescent PCOS patients showed significantly 
higher (p < 0.001) values of mean ovarian volume and mean 
number of follicles with increased stromal echogenicity in 
both adult and adolescent PCOS patients on comparison 
with their controls. The roundness index was statistically not 

Table 1   Comparison of physical, hormonal and biochemical parameters in adult and adolescent PCOS patients and their controls

*p < 0.05, **p < 0.01, ***p < 0.001

Variables Adults Adolescents Significance of difference
(mean difference)

Control
N = 50

Case
N = 50

Control
N = 50

Case
N = 50

Adult case 
Vs.
control

Adolescent case 
Vs.
control

Adult case 
Vs.
Adolescent case

Age (yr.) 24.04 ± 1.88 24.10 ± 2.04 16.38 + 1.27 16.18 + 1.48 NS NS NS
BMI (Kg/m2) 26.13 ± 3.61 26.14 ± 3.38 26.22 + 2.44 27.10 + 4.55 NS NS NS
Waist–hip ratio 0.83 ± 0.03 0.85 ± 0.05 0.83 + 0.06 0.86 + 0.04 0.02* 0.03* 0.01NS

LH (m IU/ml) 5.00 ± 1.36 8.08 ± 2.84 5.06 + 1.55 7.75 + 4.6 3.08** 2.69* 0.32NS

FSH (m IU/ml) 4.48 ± 1.05 4.07 ± 1.13 4.06 + 1.17 3.88 + 1.21 0.41NS 0.18NS 0.19NS

LH/FSH ratio 1.14 ± 0.27 2.24 ± 0.44 1.28 + 0.26 2.08 + 1.27 1.10** 0.80* 0.16NS

TSH (μU/ml) 3.08 ± 0.88 3.31 ± 0.52 2.92 + 0.983 3.08 + 0.89 0.23NS 0.16NS 0.24NS

PRL (ng/ml) 13.40 ± 1.44 13.51 ± 1.58 14.02 + 1.50 13.76 + 1.29 0.11NS 0.23NS 0.28NS

Free testosterone (pg/ml) 1.67 ± 0.15 3.52 ± 0.54 1.50 + 0.34 3.60 + 0.36 1.85** 2.10** 0.07NS

Fasting glucose (mg/dL) 91.11 ± 2.69 92.70 ± 6.13 89.75 + 2.64 91.55 + 6.45 1.59NS 1.82NS 1.19NS

Fasting insulin (μU/ml) 11.88 ± 1.43 24.32 ± 4.37 11.69 + 1.47 25.83 + 4.74 12.44*** 14.19*** 1.51NS

Glucose/insulin ratio 7.77 ± 0.938 3.92 ± 0.739 7.79 + 1.03 3.66 + 0.755 3.85*** 4.13*** 0.26NS

Table 2   Comparison of serum lipid profiles in adult and adolescent obese PCOS patients and controls

NS—p > 0.05

Serum Lipids Adult Obese (N = 48) Adolescent Obese (N = 48)

Control (N = 25) Case (N = 23) Significance of differ-
ence (Mean Difference)

Control (N = 25) Case (N = 23) Significance of differ-
ence (Mean Differ-
ence)

Cholesterol
(mg/dl)

152.13 ± 14.78 147.03 ± 13.23 5.10 NS 158.27 ± 11.12 153.40 ± 12.58 4.87NS

VLDL
(mg/dl)

26.47 ± 2.57 25.27 ± 2.03 1.20 NS 26.60 ± 2.23 25.88 ± 2.80 0.72 NS

LDL (mg/dl) 88 ± 8.90 86.43 ± 12.86 1.57 NS 96.54 ± 6.41 99.19 ± 4.48 2.65 NS

Triglycerides
(mg/dl)

131.24 ± 11.65 124.85 ± 10.48 6.39 NS 156.36 ± 12.88 160.35 ± 16.36 3.99 NS

HDL
(mg/dl)

42.76 ± 3.25 40.86 ± 3.94 1.90 NS 41.48 ± 2.32 42.87 ± 3.97 1.39 NS
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significant when compared with the controls. However, no 
significant difference was seen when adults were compared 
with adolescents (Table 5).

Discussion

Polycystic ovarian syndrome is a heterogenous clinical entity 
characterized by signs and symptoms of hyperandrogenism 
and anovulatory disorder often associated with infertility 
and obesity [9] The accepted aetiologies include disordered 
neuroendocrine gonadotrophin secretion, hyperandrogenism, 
insulin resistance and hyperinsulinism or their combination 
[10]. PCOS affects both adults as well as adolescents. High 
serum LH with increased androgens in oligomenorrheic 
adolescents is functional step of maturation of the ovula-
tory system. The high concentration of these hormones in 
oligomenorrheic girls is not transient and may be an early 
sign of PCOS [11]. These adolescents with oligomenorrhoea 
continue to have this menstrual cycle pattern combined with 
subfertility in adulthood. Thus, complete evaluation of ado-
lescent girls should be considered before reassuring them or 
prescribing oral contraceptives.

Table 3   Correlation of serum 
testosterone levels and body 
mass index with lipid profile 
in adult and adolescent PCOS 
patients

*p < 0.05; **p < 0.01

Serum lipids Adult PCOS Adolescent PCOS

Free testosterone Body mass index Free testosterone Body mass index

Cholesterol
(mg/dl)

0.194NS 0.373** 0.056NS 0.456**

Triglycerides
(mg/dl)

0.209 NS 0.645 0.137 NS 0.610**

VLDL (mg/dl) 0.214 NS 0.203** 0.148 NS 0.092
LDL
(mg/dl)

0.206 NS 0.323 0.147 NS 0.809**

HDL
(mg/dl)

− 0.142 NS − 0.530** − 0.241 NS − 0.577**

Table 4   Correlation coefficient (r) of ovarian morphology with differ-
ent hormonal parameters in adult and adolescent PCOS patients

*p < 0.05; **p < 0.01

Correlation Adult PCOS (r) Adolescent
PCOS(r)

Ovarian volume & LH 0.495** 0.525**
Ovarian volume & Free testosterone 0.401** 0.569**
Mean follicular number & free testos-

terone
0.429** 0.627**

Mean follicular number & LH 0.343* 0.304*
LH & free testosterone 0.403** 0.498**
Fasting insulin & free testosterone 0.655** 0.451**
Waist–hip ratio vs. free testosterone 0.396** 0.471**
Waist–hip ratio vs. insulin 0.584** 0.562**

Table 5   Comparison of ultrasonographic parameters in adult and adolescent patients and their controls

*p < 0.05; **p < 0.01; ***p < 0.001

Ultrasound parameters Adults Adolescents Significance of difference

Control
N = 50

Case
N = 50

Control
N = 50

Case
N = 50

Adult case 
vs
control

Adolescent case 
vs
control

Adult case 
vs
Adolescent case

Mean ovarian volume (ml) 4.17 ± 0.91 10.48 ± 4.38 4.23 ± 0.89 11.08 ± 5.82 6.84*** 6.31*** 0.60NS

Mean number of follicles NS
0–4 100% 18% 100% 12% p < 0.0 p < 0.05
5–11 0 8% 0 16% P < 0.05 P < 0.05
 > 12 0 74% 0 72% P < 0.001 P < 0.001
Stromal echogenicity (score)%
1 100% 0 100% 0 p < 0.0 P < 0.05 NS
2 0 18% 0 12% P < 0.001 P < 0.001
.3 0 82% 0 88% P < 0.05 P < 0.05
Roundness index 0.58 ± 0.03 0.57 ± 0.04 0.52 ± 0.05 0.53 ± 0.07 0.011NS 0.003NS 0.01NS
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The clinical profile showed that most of these PCOS 
patients were suffering from oligomenorrhoea (adolescent 
62%, adult 80%), infertility (76%), hirsutism (adolescent 
42%, adult 40%) and acne (adolescent 26%, adult 24%). 
All these symptoms were due to chronic anovulation and 
hyperandrogenism, the basic pathophysiology in PCOS [12]. 
Azziz et al. reported the incidence of hirsutism in 60% of 
their patients and also found the menstrual irregularity to be 
a very common manifestation of adult PCOS (> 75%) [13]. 
Although mild hirsutism is very common in early adolescent 
age just after menarche, a moderate to severe hirsutism or 
persistent acne resistant to topical oestrogen therapy was 
labelled as a diagnostic criterion of hyperandrogenism by 
Kamboj et al. [14]. They also recommended the three param-
eters; 1) consecutive menstrual interval > 90 days even in the 
first year after menarche, 2) menstrual interval persisting 
of < 21 or > 45 days two or more years after menarche and 
3) lack of menses by 15 years of age or after 2–3 years of 
breast budding as evidence of true ovulatory dysfunction.

Franks reported that 50% of the PCOS patients were 
obese (BMI ≥ 28 kg/m2)[15]. We observed that 29 out of 
50 adolescent (58%) and 23 out of 50 adult (46%) PCOS 
patients were obese (BMI > 27 kg/m2). Acanthosis nigricans, 
obesity including truncal obesity, dyslipidemia, hyperten-
sion, glucose intolerance have been found in 5% of ado-
lescents’ general population [16]. Obesity is said to be a 
better predictor of metabolic dysfunction than PCOS itself 
[17] Androgen excess may increase the risk of developing 
metabolic syndrome independent of obesity [16]. In our 
study, 76% of adolescent and 64% of adult PCOS patients 
showed biochemical evidence of LH/FSH ≥ 2. Increased 
GnRH pulse frequency followed by rise in LH β subunit 
without affecting FSH β subunit was responsible for higher 
LH/FSH ratio in PCOS patients [17]. The increased LH 
pulse frequency and amplitude along with the acceleration 
of the GnRH pulse generator have been suggested to be an 
intrinsic defect of PCOS in peripubertal girls with ovarian 
hyperandrogenism [18].

The measurement of total and/or free testosterone has 
been the most recommended hormonal test to diagnose 
hyperandrogenemia [19]. The increased testosterone lev-
els in our PCOS patients might be due to hyperinsulinemia 
resulting in decreased sex hormone-binding globulin under 
the effect of central obesity (WHR > 0.85). The effect of 
central obesity on androgen production was also supported 
in our study as serum-free testosterone positively correlated 
significantly with WHR (> 0.85) in both adult (r = 0.396, 
p < 0.01) and adolescent (r = 0.471, p < 0.01) PCOS patients. 
Hyperandrogenism subgroup with PCOS in adolescents 
showed increased incidence of insulin resistance and inflam-
mation [16]. Free testosterone positively correlated with 
hyperinsulinemia in both adult (r = 0.655, p < 0.01) and ado-
lescent (r = 0.451, p < 0.01) PCOS patients, it was believed 

that this hyperinsulinemia was responsible for hyperandro-
genism [20]. The mechanism of hyperinsulinemia-induced 
hyperandrogenism might be due to inhibition of hepatic syn-
thesis of SHBG or due to increased androgen production 
by theca cells by activating IGF – 1 receptors [21]. Other 
researchers also found positive correlation between hyper-
insulinemia and hyperandrogenism as in our study [21]. The 
fasting serum insulin was significantly higher in our PCOS 
patients, both adults and adolescents (p < 0.01), without any 
significant difference in fasting blood sugar level (p > 0.05). 
Fasting insulin level of > 20µU/ mL alone is an indicator 
of insulin resistance, although in some populations, fasting 
glucose/insulin ratio < 4.5 is said to be more than 90% sensi-
tive indicator of insulin resistance [22]. The glucose/insulin 
ratio (< 4.5) was significantly lower in our PCOS patients 
in both adults and adolescents. However, the homeostatic 
model assessment (HOMA), a product of fasting glucose 
and insulin level divided by a constant, is also a reflector of 
insulin resistance, but it may miss 50% of the young PCOS 
women with insulin resistance [23]. Both insulin resistance 
and hyperandrogenemia have been found to be more severe 
in adolescents with PCOS as compared to general adoles-
cent population [24]. It is said that there is 50% decrease in 
insulin sensitivity in normal healthy adolescents with com-
pensatory hyperinsulinemia which reverts back to normal 
pre-pubertal level in adulthood in the absence of PCOS [25].

However, there was no significant difference in serum 
lipid profiles when the obese PCOS patients were compared 
to their BMI-matched controls (p > 0.05, Table 3). Thus, 
dyslipidemia found in our PCOS patients might be due to 
obesity and not due to the disease itself. The excess adiposity 
itself is supposed to suppress ovulation via LH suppression 
and causes hyperandrogenemia (via adipose tissue forma-
tion of testosterone from androstenedione) [26]. It might 
also be due to insulin resistance that promotes release of 
non-esterified fatty acids from liver and adipose tissue due 
to decreased lipoprotein-lipase activity that contributes to 
dyslipidemia. Our results were also consistent with those 
obtained by others [16]. However, we found no correlation 
between serum-free testosterone and lipid profile. This might 
be explained by the fact that PCOS is a hyperestrogenic state 
and higher oestrogen might balance the effect of androgens 
on serum lipids.

The mean ovarian volume was significantly increased in 
PCOS patients when compared to controls. In our study, 
only 37 out of 50 (74%) adult PCOS patients and 36 out 
of 50 (72%) adolescent PCOS patients had significantly 
increased ovarian volume. This increased ovarian volume 
in our PCOS patients could be due to theca cell hyperplasia 
and increased rate of follicular atresia causing polycystic 
transformation of ovaries under the effect of androgen [27]. 
Others have found the ovarian volume to correlate with 
serum insulin but not with the circulating androgens, LH, 
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FSH and BMI [28]. Here, we should not forget the fact that 
ultrasound has technical problems in adolescent population 
and in obese patients. The ovarian appearance, as well as 
the volume, both may vary during adolescence such that the 
ovaries may not only show polycystic morphology over time, 
but also the enlarged ovaries with polycystic appearance can 
subsequently become normal [29]. Moreover, 10–48% of 
adolescent population who do not have PCOS may have 
polycystic appearance of ovaries [30].

In our study, mean ovarian volume positively correlated 
with serum LH and free testosterone in PCOS patients. This 
correlation explained that enlarged ovarian volume was 
under the effect of high LH and testosterone levels. Some 
also found similar correlation of ovarian volume with LH 
(r = 0.30, p = 0.003) and testosterone (r = 0.34, p = 0.001) 
[31]. However, our results showed 7 out of 50 adolescent 
PCOS (14%) patients and 10 out of 50 adult PCOS (20%) 
patients had increased ovarian volume without LH/FSH 
ratio ≥ 2. In these patients, increased ovarian volume might 
be due to LH independent effect of testosterone on ovarian 
volume.

The polycystic transformation of ovaries might be due to 
continuous stimulation of follicles but not to the point of full 
maturation and ovulation because the FSH levels were not 
totally depressed. Balen strongly recommended more than 
10 follicles as the diagnostic criteria for PCOS [32]. The 
mean number of follicles more significantly correlated with 
free testosterone rather than LH in our study. This might be 
due to independent effect of androgen on increased rate of 
atresia with consecutive augmentation of ovarian volume 
leading to polycystic transformation of ovaries.

Similar to Battaglia et al. [33], stromal echogenicity was 
significantly increased in both the groups which could be 
due to hyperplasia of theca cells and increased formation 
subsequent to the excessive follicular maturation and atresia.

Conclusions

PCOS is a complex multifaceted disorder and should be 
diagnosed using the same criteria in adults as well as in 
adolescents and we should start early with meaningful inter-
vention to avoid long-term morbid complications, especially 
in adolescents.
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