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ABSTRACT

Introduction- PCOS is a complex metabolic, endocrinopathy and reproductive disorder that results in the production of androgens and is
associated with insulin resistance.

Adolescents with PCOS are more obese than normal adolescents and have an increased risk of metabolic syndrome.

In obese adolescent increasing abdominal adiposity, worsening insulin sensitivity and Dyslipoproteinemiadyslipoproteinemia give rise to NAFLD
inadulthood.

This study aimed to investigate the association between PCOS, obesity, NAFLD and Metabolic syndrome in adolescents with PCOS.
MATERIALAND METHOD- Retrospective study of 24 obese adolescent PCOS patients. with mean BMI 32.89 kg/m2. Data were taken from
1st January 2015 to 31st December 2020. PCOS patients were diagnosed according to Rotterdam 2003 criteria. Data were collected from the
medical records of the patients including clinical history, height, weight, blood pressure, waist circumference and Modified Ferriman-Gallway
score for hirsutism. Laboratory values were obtained ultrasound finding of polycystic ovarian disease and fatty liver were obtained from the
records.

RESULTS:- In our study, the mean age was 15.2 yr The mean body mass index was 32.89 kg/m’and the mean age of menarche was 12.3 yr.
Hirsutism was present in 75% by modified FG Score system, Family history of PCOS was present in 29.16%, Family history of Cardiovascular
disease was present in 12.5%. A family history of diabetes mellitus was present in 20.83%. The majority 87.5% of the obese adolescent girl's were
presented with menstrual problems. mostly 70.83% with a history of Oligomenorrhea. Waist circumference, >0.80 was present in 87.5%, 50% of
patients were hypertensive. 20.83% were prediabetes, 54.16% of patients were found to have dyslipidaemia and 45.83% of patients had Metabolic
syndrome. In our mean LH was 10.6 IU/L, mean FSH was 5.8 IU/L, mean Serum testosterone 18.5 ng/ml, mean Serum prolactin was 21.2 ng/mL
and mean Serum TSH was 3.3 nIU/mL.75 % of patients had Polycystic appearing ovarian morphology in USG.45.83 % of obese PCOS patient had
NAFLD in USG and 33.33% of obese patients had abnormal liver enzymes with NAFLD in USG finding.

CONCLUSION:- In our study, we found both metabolic syndrome and NAFLD were frequent in patients with obese adolescent PCOS confirming
arelevant clinical association between these three conditions.

This study highlights the importance of preventing obesity during the management of adolescent PCOS. The importance of obesity counselling in
obese adolescent women is a must to reduce the risks associated with metabolic syndrome.

The therapeutic intervention combined with lifestyle modification may provide better treatment for adolescent PCOS.
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1. INTRODUCTION
The polycystic syndrome is a heterogeneous endocrine condition that

different criteria for diagnosis of PCOS in adolescents from those used
for adults. According to its suggestions, PCOS in adolescent should

affects approximately 5-10% of women in the reproductive age
1
group.

Different studies in India on PCOS have reported a prevalence of 3.7%
t022.5% and evenup to 36% in adolescents.

The worldwide prevalence of polycystic ovarian syndrome ranges
from 2.2 to 26% “The rates of polycystic ovarian syndrome have been
reportedly high among Indian women compared to their Caucasian
counterparts’, with an estimated prevalence of 9.13% in Indian
adolescents ™'

PCOS is a multi-system endocrinopathy involving women from
menarche to menopause. In essence, PCOS is a complex metabolic,
endocrinopathy and reproductive disorder that results in the
production of androgens and is associated with insulin resistance.

In 2003, The Rotterdam consensus defined that the presence of at least
two out of the three main characteristics was necessary to confirm the
diagnosis. (Table 1.)

Rotterdam Criteria for Diagnosis of PCOS (PCOD) (2003)’

+  Oligo-ovulation or anovulation.

» clinical of biochemical evidence of hyperandrogenism.

*  polycystic ovarian morphology on ultrasonography is defined
as >12 follicles with a 2 to 9 mm diameter or an ovarian
volume <10ml. the three sets of criteria are illustrated in the
table.

with the exclusion of medical conditions such as congenital adrenal

hyperplasia,

androgen-secreting tumors of Cushing's syndrome.

Consensus on the women health aspect of PCOS has suggested

include all three elements of Rotterdam criteria in which
oligomenorrhea should be present after two years of menarche or
primary amenorrhea at the age 16 years; polycystic ovaries on
ultrasound along with ovarian size of more than 10 cn3 and
hyperandrogenemia should be present.*

However, Androgen Excess and PCOS Society (AEPCOS) in 2006
tightened the criteria and suggested including all the three Rotterdam
Criteria to make the diagnosis of PCOS.

Clinical presentations of the polycystic ovarian syndrome include
abnormal facial and skin hair growth (hirsutism), acne and irregular or
absence of, menstrual periods.” However acne is most common during
the adolescent phase of life and there is limited literature on adolescent
androgenic alopecia.’

The determinants of polycystic ovarian syndrome have been linked to
both hereditary and environmental factors.’ the attributed hereditary
factors include early age of sexual maturation, premature fetal
development, and family history of PCOS among first-degree
relatives.”’Studies have reported an earlier age at diagnosis of PCOS
(9-12 years). among adolescent females with earlier maturation of
sexual characteristics compared to their later counterparts (13-18
years)' This has been attributed to an increased androgen secretion
associated with early onset of puberty.’It has been reported that
premature fetal development leads to an earlier and more rapid onset of
puberty with an increased risk of developing PCOS.’Clinical
manifestation of associated symptoms such as hyperinsulinemia have
also been observed in offspring of PCOS affected women long before
the onset of puberty affirming the role of family history."

The associated environmental factors reported include physical
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inactivity, obesity, and its associated insulin resistance’Insulin
resistance which is of high prevalence in the Indian
Population.’has been consistently reported as a strong
determining factor for the occurrence of PCOS in Indian adults
and adolescents.’

It is proven that insulin resistance and resultant hyperinsulinemia are
observed in 50-70% patients of with PCOS Hyperinsulinemia results
from increased basal secretion of insulin and decreased hepatic
clearance of insulin.”

Insulin also stimulates LH to cause hyperplasia of ovarian theca cells
which then secrete more androgen, testosterone and epi
androstenedione. High androgen levels inhibit the growth of the
dominant follicle and prevent apoptosis of smaller follicles. The
persistence of many small follicles is a hallmark of PCOS.”

PCOS leads to several long term sequelae like dyslipidemia, diabetes,
hypertension, cardiovascular disease (CVD), pregnancy-associated
disorders, malignancies, sleep disorders, non-alcoholic fatty liver
disease and metabolic syndrome. "

A metabolic syndrome is a group of metabolic dysfunctional features,
including abdominal obesity, insulin resistance, hyperglycemia due to
impaired glucose metabolism, high blood pressure, and abnormal
blood lipid levels.

Adolescents with PCOS are more obese than normal adolescents
and have an increased risk of metabolic syndrome. It is suggested
that abdominal adiposity increases the risk of metabolic syndrome by
inducing various cytokine secretions.

Recent studies have demonstrated an association between PCOS and
other metabolic complication like nonalcoholic fatty liver disease
(NAFLD). (NAFLD) occurs as a result of abnormal lipid handling by
the liver, which sensitizes the liver to injury and inflammation.
NAFLD is more common in PCOS because of insulin resistance and
hyperandrogenemia."In adolescents, The overall prevalence of Fatty
liver remains lower than in adult women.

Diagnosing polycystic ovary syndrome(PCOS) during
adolescence is challenging because features of normal pubertal
development overlap with adult diagnostic criteria.

Differential diagnosis of PCOS includes congenital adrenal
hyperplasia (late-onset) hyperthecosis, Cushing syndrome,
hyperprolactinemia, hypothyroidism, and ovarian and adrenal
androgen-secreting tumors.

Therapeutic strategies to decrease abdominal obesity and reduce
insulin resistance and dyslipidemia early in the course of PCOS in
youth may halt future NAFLD in adulthood. The increased risk of
developing Type 2 diabetes and its associated comorbidities during
later years can be controlled by identifying high-risk populations and
implementing preventive measures. The therapeutic intervention
combined with lifestyle modification provides effective treatment for
adolescent PCOS.

2.MATERIALAND METHODS

This is a retrospective study of 24 obese adolescent PCOS patients
with a mean BMI of 31.39 kg/m2 from l1st January 2015 to 31st
December 2020. PCOS patients were diagnosed according to
Rotterdam 2003 criteria. Data were collected from the medical records
of the patients including clinical history, height, weight, blood
pressure, waist circumference and Modified Ferriman-Gallway score
for hirsutism. Laboratory values were obtained like, Fasting Glucose
level, fasting insulin level, Amino transference level AST, ALT level,
AST/ALT Ratio, Total cholesterol, HDL, LDL and Triglyceride level.
Hormone values like LH, FSH, LH/FSH ratio, Free testosterone, TSH
and prolactin were also obtained from the records.Abdominal
ultrasonography was used to determine the presence of NAFLD.
Ovarian ultrasound completed trans abdominally or transvaginally ifa
patient is sexually active. (Polycystic ovarian morphology was seen.)
Presenting complaints were menstrual disorders, hirsutism, obesity,
infertility, etc which were noted.

Oligomenorrhea was defined as menstrual cycle >35 days, or less than
eight cycles per year after 2 years of menarche; primary amenorrhea as
amenorrhea by age 15 years, or >3 years post thelarche; secondary

amenorrhea as the cessation of menstruation for at least 6 months in a
previously menstruating girl; and polymenorrhea as menstrual cycle
<21 days.

Assessment of hirsutism was done by the modified Ferriman—Gallwey
(FG) score; a score of >8 was the cutoff point. Oral glucose tolerance
test (OGTT) with a 75-g glucose load was carried out in all participants
after overnight fasting for at least 8 hours; fasting plasma glucose
(FPG) and plasma glucose 2 hours after OGTT (PG 2H-OGTT) were
measured by the glucose oxidase method using a fully automatic
biochemistry analyser. Diagnosis of prediabetes and diabetes mellitus
was established according to the criteria described by the American
Diabetes Association.

Metabolic syndrome diagnoses by both the definition proposed by the
National Cholesterol Education Program (NCEP) and the
International Diabetic Federation (IDF). Metabolic syndrome was
diagnosed using the International Diabetes Federation consensus
definition of metabolic syndrome in children and adolescents;
abdominal obesity plus two or more of:

» Raised blood pressure: systolic BP>130 mmHg or diastolic BP>85
mmHg, or treatment of previously diagnosed hypertension;

» Impaired fasting glucose: FPG>5.6 mmol/L, or previously
diagnosed type 2 diabetes;

» Raised tirglycerides (=150 mg/dL); or reduced high-density
lipoprotein (HDL)-cholesterol (<50 mg/dL), or specific treatment
for these lipid abnormalities.

Ultrasound finding of polycystic morphology - Ovaries are enlarged in
volume (>10 cm” Increased number (>12) of peripherally arranged
follicles per ovary (2-9mm) are seen.

Foradolescents aged 17-19 years, awaits circumference >of 80cm was
defined as abdominal obesity. In the adolescents (aged 10-16 years),
waist circumference >90" percentile (or adult cut off is lower) was
used.

Fatty liver was diagnosed with increased hepatic brightness or
hyperechogenicity in USG.

All the data were analyzed using IBM SPSS Ver.20 software. Cross
tabulation and frequency distribution were used to prepare tables. Data
are expressed as numbers, percentage and mean.

3.RESULTS

Table 1: Demographic and clinical characteristics.
Age (yr) Mean 15.2
BMI (kg/m’) Mean 32.89
Age at menarche (yr) Mean 12.3
F-G score

Absent (<8) 6 (25%)
Mild (9-16) 3 (12.5%)
Moderate (17-25) 13 (54.16%)
Severe (>25) 2 (8.33%)
Presence of Acanthosis nigricans (%) |5 (20.83%)
Family history

FHof PCOS 7 (29.16%)
FH of Cardiovascular disease (%) 3 (12.50%)
FH of Diabetes mellitus (%) 5(20.83%)

In our study, the mean age was 15.2 yr. The mean body mass index was
32.89 kg/m2 and the mean age of menarche was 12.3 yr.

Hirsutism was present in 75% of cases estimated by the modified FG
Score system. Acanthosis nigricans was present in 20.83%. Family
history of PCOS was present in 29.16%, Family history of
Cardiovascular disease was present in 12.5%. A family history of
diabetes mellitus was present in 20.83%.

Table:- 2 Chief complaints of the patient attending the clinic

Symptoms Number |Percentage
1. Menstrual Problem 21 87.5%
Oligomenorrhea 17 70.83%
Polymenorrhea 3 12.50%
Secondary amenorrhea 3 12.50%
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The majority of the obese adolescent girl's were presented with
menstrual problems 87.5%(mostly with a history of Oligomenorrhea
70.83% followed by secondary amenorrhea 12.5%, polymenorrhea
12.5% and primary amenorrhea 4.16%).75% of patients had hirsutism.
obesity was present in 100% of patients. 25% of patient had acne or
oily skin and 33.33% of patient had other symptoms.

Distribution of types of Menstrual Problems in study group

B Oligomenorrhea
M Primary amenorrhea
Secondary amenorrhea

m Polymenorrhea

Figure 1: Distribution of types of menstrual problems in the study
group

Oligomenorrhea was the main menstrual problem.

Distribution of PCOS patients with hirsutism according to FG score

54.16%

B Percentage

12 50%

10% . 8.33%
- I

Mild (816)  Moderate (17-25)  Severe (»25)
Hirsutism according to FG Score

Absent (<8)

Figure 2:Distribution of PCOS patients with hirsutism according
to FG score.

Most of the patients showed moderate hirsutism.

Table 3: Metabolic characteristics of study participants

Metabolic Characteristics
Waist circumference, >0.80 21
BP status, n (%)

Raised blood pressure: systolic BP>130
mmHg or diastolic BP>85 mmHg, or
treatment of previously diagnosed
hypertension;

Normal 33.33%
previously diagnosed hypertension 16.66%
HTN 12 50%
Glycaemic status, n (%)

Increased fasting glucose: >110Mg/dl or
previously diagnosed type 2 diabetes;
OGTT- 2 hr glucose-

Impaired- 140 to 199 mg/dl

Diabetes- >200

Normoglyacemia

previously diagnosed diabetes
Prediabetes (Impaired OGTT)

Diabetes mellitus, n (%)

Dyslipidaemia, n (%)

Raised tirglycerides (=150 mg/dL); or
reduced high-density lipoprotein (HDL)-
cholesterol (<50 mg/dL)

Number |Percentage
87.5%

oo

7 70.83%
4.16%
20.83%
4.16%

— o[ ==

Primary amenorrhea 1 4.16% Present 13 54.16%

2. Hirsutism 18 75% Absent 11 45.83%

3. Obesity 24 100% Metabolic syndrome, n (%)

4. Acne and oily skin 6 25.00% Present 11 45.83%

5. Others-Acanthosis Nigerians, Loss of 8 33.33% Absent 13 54.16%
f)(t:flleg }gl?/g’ezlgfgb?g;z’dzgzgﬁ)in; d In our study, Wai_st circumference, >0.80 was present in 87.5%,
anxiety. hypertensive patients were 50%, 70.83% were found to have

normoglycaemia and 20.83% had prediabetes, 54.16% of patients
were found to have dyslipidaemia, 45.83% patients had Metabolic
syndrome.

Table:- 4 Hormonal characteristics of the study participants

Hormone Mean Value
Luteinizing hormone (IU/L) 10.6
Follicle-stimulating hormone (IU/L) 5.8

Serum testosterone, (ng/ml) 18.5

Serum prolactin (ng/mL) 21.2

Serum TSH (uIU/mL) 33

Mean LH was 10.6 TU/L, mean FSH was 5.81U/L, mean serum
testosterone 18.5ng/ml, mean Serum prolactin was21.2 ng/mL and
mean Serum TSH was 3.3 pIU/mL.

Table:-5 Ultrasound characteristics

OVARIAN MORPHOLOGY

Ovarian morphology on USG Number |Percentage
Polycystic appearing ovaries in USG in per cent| 18 75
Enlarged mean ovarian volume >10 cm’ 15 62.5

75 % of patients had polycystic appearing ovarian morphology in USG
whereas- 62.5% had increased ovarian volume.

Table 6: PCOS patient showing NAFLD by USG and liver enzymes
NAFLD

Number |Percentage

NAFLD by USG- 11 45.83
Increased hepatic brightness of

hyperechogenicity in USG (Fatty liver )

NAFLD by Liver biochemistry- 8 33.33

Patient with Abnormal liver Chemistry
(Higher Alanine aminotransferase (ALT)

45.83 % of obese PCOS patient had NAFLD in USG and 33.33% of
obese patients had abnormal liver enzymes with NAFLD in USG
finding.

4.DISCUSSION
PCOS is associated with multiple abnormalities including obesity,
hypertension, dyslipidemia, and insulin resistance

In our study, the mean age was 15.2 yr The mean body mass index was
32.89 kg/m’and the mean age of menarche was 12.3 yr.

Hirsutism was present in 75% by modified FG Score system,
Acanthosis nigricans was present in 20.83%. Family history of PCOS
was present in 29.16%, Family history of Cardiovascular disease was
present in 12.5%. A family history of diabetes mellitus was present in
20.83%. In one another study in 22 obese PCOS mean age was 15.5 +
1.4 (range, 12.9-18.3), the mean BMI was 35.9 + 6.2 (range, 25.5-
48.2), mean age at menarche was 11.9 + 1.4 (range, 10-15). in that
study acanthosis nigricans was present in (91%) which was higher than
our study.”Family history of PCOS, cardiovascular disease and
diabetes mellitus was higher in other studies."*

The majority of the obese adolescent girls presented with menstrual
problems 87.5% (mostly with a history of Oligomenorrhea 70.83%
followed by secondary amenorrhea 12.5%, polymenorrhea 12.5% and
primary amenorrhea 4.16%). 75% of patients had hirsutism. 54.16%
obesity was present in 100% of patients. 25% of patient had acne or
oily skin and 33.33% of patient had other symptoms. In another study
initial reason for the visit included irregular menses in 75.3%, acne or
hirsutism in 7.1% and other reason in 17.5%. In a study from
Bangladesh, 88% of the patient had oligomenorrhea, 2.3% had
primary amenorrhea, 6.9% had secondary amenorrhea (6.9%) and
2.9% had polymenorrhea.“In our study hirsutism was present in 75%
of a patient while other studies showed 85.7%, 94.9%, similar to our
study results.”™"
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In our study waist circumference, >0.80 was present in 87.5%,
hypertensive patients were 50%, 70.83% were found to have
normoglycaemia and 20.83% had prediabetes, 54.16% of patients
were found to have dyslipidaemia, 45.83% patients had Metabolic
syndrome. In one study from Bangladesh, a total of 64.7% had
abdominal obesity,20% of participants had pre-hypertension and
3.4% were hypertensive. Around 24% had abnormal glucose
tolerance (prediabetes 21.1%, diabetes 2.9%) and the majority
(90.9%) had dyslipidaemia."“In another study it was found that
adolescent PCOS patients had higher triglyceride and LDL level and
lower HDL level. “Presence of metabolic syndrome was higher in our
study in comparison to other studies in which it was 42.3% because our
study had 100% obese patients." "The prevalence of metabolic
syndrome in the obese girls with PCOS was strikingly higher than the
prevalence in the general obese adolescent population in
NHANES."In one study the prevalence of metabolic syndrome in
overweight / obese girls is not increased in the presence of PCOS or
polycystic ovary morphology.“The incidence of metabolic syndrome
in PCOS increased with age and body mass index (BMI), with the most
prevalent condition being low/high-density lipoprotein-cholesterol.”

In one study the obese adolescent PCOS group had significantly higher
fasting insulin, low-density lipoprotein cholesterol, free testosterone
levels and 2-h glucose during the oral glucose tolerance test.”

Mean LH was 10.6 IU/L, mean FSH was 5.8 IU/L, mean Serum
testosterone 18.5 ng/ml, mean Serum prolactin was 21.2ng/mL and
mean Serum TSH was 3.3 uIU/mL. In one another study mean LH in
obese PCOS was 9.5, mean FSH 5.5.which was comparable with our
study but free testosterone level was found much higher than our study
49.8(ng/dl) in obese PCOS patient."”

75% of patients had Polycystic appearing ovarian morphology in USG
whereas- 62.5% had increased ovarian volume. In one another study,
75% of obese PCOS had Polycystic appearing ovarian morphology in
USG and mean ovarian volume (ml) 8.2 +4.4."

In one other study, polycystic ovaries by ultrasound were found in
83.3% of obese girls with PCOS."

45.83 % of obese PCOS patient had NAFLD in USG and 33.33% of
obese patients had abnormal liver enzymes with NAFLD in USG
finding. In another study prevalence of NAFLD in obese cohorts of
PCOs is estimated to be between 60%-90%. Many studies showed
increased NAFLD in obese PCOS patients.

5.CONCLUSION

Obesity is a leading precursor of poor metabolic health and is an
emerging problem in India. The application of this retrospective study
is to alert the gynaecologist and physicians to use some easy and
accessible tools to diagnose metabolic risk early and prevent future co-
morbidities.

Obesity and Insulin Resistance are important risk factors for metabolic
syndrome in PCOS. Considering the long—term health risk, it is
necessary to identify metabolic disorders in adolescents with PCOS as
early as possible. We concluded that: Obesity, metabolic disorders and
PCOS in adolescents are associated. Obesity exacerbates metabolic
disorders in adolescent PCOS.

In obese adolescent increasing abdominal adiposity, worsening insulin
sensitivity and Dyslipoproteinemia give rise to NAFLD in adulthood.
NAFLD can lead to hepatitis and or cirrhosis, so it is important to
screen for it early.

This study indicates that obesity should be prevented during the
management of adolescent PCOS. The importance of obesity
counselling in obese adolescent women is a must to reduce the risk
associated with metabolic syndrome. The therapeutic intervention
combined with lifestyle modification may provide better treatment for
obese adolescent PCOS.
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