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Abstract

Background Considering the close link between polycystic ovary syndrome (PCOS) and metabolic syndrome con-
siderable research has been devoted to studying the pattern of fat distribution in PCOS.

Objectives The study aims to assess the usefulness of dual-energy X-ray absorptiometry (DEXA) based regional fat
distribution indices as a predictor of the development of PCOS.

Methods This case—control study recruited diagnosed cases of PCOS using Rotterdam Criteria (cases n=_86)
and healthy age-matched controls (n=90). DEXA was performed in both groups for assessment of total and regional
body fat distribution after undergoing ultrasonography (USG) and baseline/biochemical evaluation.

Results The study revealed a significant difference between cases and controls in trunk fat percentage (40.2% +9.1%
vs 26.5%+9.1%; p <0.001), android fat percentage (42.4% +41%vs 27.8%+ 1.51%; p < 0.001), total fat percentage

(43.8% + 8% vs28.5%+ 1.6%; p < 0.001), fat mass/ht? (fat mass index) (8.82 +3% vs 4.8+ 1.7%; p<0.001), android/gynoid
ratio (1.05+0.1 vs 0.7£0.2; p <0.001), and trunk/limb fat mass ratio (1.06+0.3 vs 0.69+0.3; p 0.001). Multivariate analy-
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sis revealed a significant relation of trunk fat mass with android % fat, gynoid fat mass, and android-gynoid ratio.

Conclusions The study demonstrates that there is a central pattern of fat distribution in patients with PCOS
while the overall fat might not be increased which is well analyzed by DEXA. Hence, we suggest its use in the initial
diagnostic workup and follow-up of PCOS patients for their body fat distribution and content.

Background

It is estimated that 6 to 20% of women in the reproduc-
tive age group have polycystic ovarian syndrome (PCOS),
characterized by oligo/anovulation, hyperandrogen-
ism, and/or polycystic ovaries with the majority of them
having hyperinsulinemia and insulin resistance [1].
Increased insulin stimulates ovarian androgen produc-
tion and decreases hepatic production of sex-hormone
binding globulin (SHBG), and thus free testosterone is
increased [2]. Different study populations of PCOS have
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varying prevalence of overweight/obesity [3]. Pattern of
fat distribution alters the metabolic risk in PCOS includ-
ing the propensity to develop type-ii diabetes [4]. Central
obesity is ubiquitous in PCOS irrespective of differences
in weight and is known to decrease levels of adiponectin
and increase secretion of other adipokines and inflamma-
tory markers [5]. Whole-body dual-energy X-ray absorp-
tiometry (DEXA) scans are a proven method to estimate
total, abdominal, and extremity fat mass [6]. Some stud-
ies have found increased trunk fat in patients with PCOS
compared to controls and fat mass-based indices could
be superior to the measurement of body mass index
(BMI) or waist circumference as a predictor of metabolic
risk in PCOS [7].
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The aim of the present study was to compare the use-
fulness of regional fat mass DEXA indices as a predictor
of the development of PCOS.

Objectives

To assess body fat distribution in patients with PCOS
using dual-energy X-ray absorptiometry and determine
the predictability of various fat indices in diagnosing the
cases.

Methods

The case—control study was conducted in the Depart-
ment of Radiodiagnosis and Imaging, Government Medi-
cal College Srinagar, India from July 2019 up to July 2022.
The cases were referred from the Department of Derma-
tology and Department of Gynecology, Sher-i-Kashmir
Institute of Medical Sciences, Srinagar. It enrolled 94
cases of PCOS (age > 18 years) and 90 age-matched con-
trols. The Rotterdam 2003 criteria [8] were used to diag-
nose PCOS in which two out of three criteria must be
present:

1. Oligomenorrhea (menstrual cycle length of more
than 35 days but less than 90 days) or anovulation
(absence of menstrual cycle for more than 90 days).
2. Hyperandrogenism (clinical/biochemical): modi-
fied Ferriman Gallwey score [9] > 8 or total testoster-
one of >0.48 ng/ml.

3. Sonographically polycystic ovaries:>12 follicles
(2-9 mm) in each ovary or volume of > 10 cc.

Exclusion criteria

Patients with clinical or biochemical evidence of other
endocrine disorders, e.g., Cushing syndrome, hyper-
prolactinemia, congenital adrenal hyperplasia, ovarian
or adrenal tumors associated with hyperandrogenism.
Patients who had a history of drug intake in the previous
6 months that could alter metabolism were also excluded.
Out of the 94 recruited patients, 8 were excluded based
on the presence of other endocrine abnormalities or
intake of medicine in the previous 6 months.

Selection of controls

Ninety age-matched healthy female volunteers who had
no clinical/sonographic/biochemical evidence of PCOS
were taken as controls. Prior permission was obtained
from the ethical committee before conducting the study.
All subjects and controls were informed about the details
of the study.
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Clinical information
A detailed history was taken and a physical examina-
tion was done for the presence of signs and symptoms
of hyperandrogenism, i.e., hirsutism, acne, androgenetic
alopecia, and acanthosis nigricans and menstrual irregu-
larities (oligomenorrhea/amenorrhea). Prior to the refer-
ral, the referring physicians from the departments of
dermatology and gynecology would advise the patients to
practice the barrier method, specifically the use of con-
doms by their partners to prevent conception in the cases
and on the day of DEXA scan, a rapid hCG Card test
would be performed. Both the use of the barrier method
of contraception and rapid hCG card test were included
in the consent protocol to include only those cases who
agreed to the protocol. The hCG card test results were
then checked by the investigators and DEXA scans were
done on patients with a negative pregnancy hCG card
test. None of the cases or controls in our study cohort
were pregnant at the time of the scan.

A hirsutism assessment was done based on mFGS and
a score > 8 (out of 36) was considered clinical hirsutism.

Baseline and biochemical investigations

Fasting blood samples were collected between 8 and 10
am in the follicular phase, on the 2nd or 3rd day of the
menstrual cycle (or during the progestin-induced cycle),
and tested for LH, FSH, PRL, testosterone, 17alpha
hydroxyprogesterone using electrochemiluminescence
immunoassay of pooled samples. Metabolic evaluation
included total cholesterol, high-density lipoproteins
(HDL), low-density lipoproteins (LDL), and triglycerides.

Ultrasonography

USG was performed on the same day as blood tests
(day 2-3) either by transvaginal ultrasound (TVS)
probe (frequency 9-12 Hz) in married or transabdomi-
nal ultrasound (TAS) with curvilinear probe (frequency
3-5 Hz) in unmarried cases.

DEXA
Dual-energy X-ray absorptiometry technique was per-
formed using the Hologic Discovery USA machine
within seven days of blood tests and USG. The patients
were required to be overnight fasting and without any
metal accessories. The percentage of total body fat was
calculated by the ratio of total fat mass/total body mass.
The body fat composition was assessed for the limbs,
trunk, android, and gynoid regions along with total
body fat percentage, fat mass/height®, android/gynoid
ratio, and trunk/limb fat mass ratio.

The raw data was transferred to the Hologic QDR
station. NHANES calibration was used as the default
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setting in APEX Version 2.0 of the Hologic QDR work-
station, based on research studies comparing DXA
results in the NHANES pilot study to other body com-
position measurement systems, principally deuterium
dilution and hydrostatic weighing [10]. The “NHANES
BCA” adjustment to the classic calibration was imple-
mented via a multiplicative reduction in lean mass as
recommended by Schoeller et al., with the practical
implication that leaner subjects (individuals with more
lean mass) will see a greater increase in % body fat than
subjects with less lean mass.

Statistical analysis

Statistical analysis was performed in SPSS Statistics for
Windows (Version 25.0. Armonk, NY: IBM Corp.). The
study population was divided into two groups: (1) PCOS
patients, and (2) controls.

Continuous variables were presented as means + stand-
ard deviation (SD) or median with interquartile range
where appropriate. Means were compared between the
two groups using t-tests where appropriate. Categorical
variables were expressed as counts and percentages of
the total. Data across the two groups was compared using
one-way ANOVA for multiple comparisons. Multivariate
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analysis was done using the MANOVA test. The correla-
tion between continuous and categorical parameters was
assessed using univariate regression analysis. Significance
was set at p<0.05.

Results
Table 1 shows the demographic, anthropometric, and
DEXA indices of patients with and without PCOS. The
majority of cases (both PCOS and controls) were in the
age group of 25-29 years (47%).

Data across the two groups was compared using one-
way ANOVA for multiple comparisons.

The table reveals statistically significant differences in
some DEXA indices between PCOS patients and controls
in the following:

1. Arms fat mass, arms fat %

2. Trunk fat mass and fat %

3. Android fat mass, android total mass.
4. Android-gynoid ratio.

5. Fat mass index.

6. Total body % fat.

7. Trunk/limb fat mass ratio.

Table 1 Comparison of variables between cases and controls and pairwise analysis using one-way ANOVA for multiple comparisons

Case mean+SD Controls mean+SD Pvalue
Age (years) 24£35 23£37 0.9
Weight (kgs) 626+6.6 60.3+3.6 0.12
Height (cms) 1.69+0.07 1.59+0.04 <0.0001
BMI (kg/m? 23.745+160 2184425 0.1
Arms fat mass (g) 2421432 1807 +67 <0.0001
Arms total mass (g) 4674.56+91 4567.15+12 0.72
Arms % fat 534+11.6 40.15+183 0.001
Trunk fat mass (g) 10,806.87 £23 6863.6+24 <0.0001
trunk total mass (g) 27,043 +40 25,902 +23 0212
Trunk % fat 40.19+£9.15 26.5+9.1 <0.0001
Legs fat mass (g) 5241.7+32 5258.8+68 0.88
Legs total mass (g) 16,472 +46 16,407 +21 0.99
Legs % fat 80.63+4 32052 0.38
Android fat mass (g) 2002.51+62 930.46+40 <0.0001
Android total mass (g) 465041 +11 3262+56 <0.0001
Android % fat 424+41 27.8+1.51 <0.0001
Gynoid fat mass (g) 4491.11+47 3239.43+39 0.18
Gynoid total mass (g) 8725+12 7717 +£26 0.06
Gynoid % fat 51.74£5 373495 0.18
Total body % fat 438+8 285+16 <0.0001
Fat mass/Ht? (fat mass index) kg/m? 88243 48417 <0.0001
Android/gynoid ratio 1.05+0.1 0.7+£0.2 <0.0001
%fat trunk/%fat legs 1.01+0.2 068+0.2 <0.0001
Trunk/limb fat mass ratio 1.06+£0.3 0.69+03 <0.0001
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There was preferential fat distribution in a trunk in
females with PCOS as compared to controls (58.5% vs
49.3% of total fat mass; p value <0.0001).

Pair-wise correlation between various DEXA/anthro-
pometric indices by Pearson correlation coefficient analy-
sis was done. The results are shown in Fig. la—f.

There was a significant correlation between arms fat
mass and leg fat mass; trunk fat mass and android fat
mass; trunk fat mass and fat mass/ht? trunk fat mass and
android-gynoid ratio; android fat mass and fat mass/ht%
android fat mass and android-gynoid ratio.

Multivariate analysis

To determine as to which DEXA indices were interde-
pendent, a multivariate analysis (MANOVA test) was
done, which revealed that there was a significant relation
between trunk fat mass and (1) android % fat, (2) gynoid
fat mass, (3) android-gynoid ratio, (4) fat mass/ht>. There
was no statistically significant relation between trunk fat
mass to arm or leg fat mass Table 2.

An area under the curve (ROC curve) of android fat
% to predict the presence or absence of PCOS is shown
in Fig. 2. There was a high ARC value (0.937). Coordi-
nates of the curve revealed that the use of android fat

ARMs AT MASS (6) - legs fat mass(g)

Page 4 of 7

Table 2 MANOVA test to determine the correlation between
various fat indices

Trunk fat mass DEXA-based index Significance

Arm fat mass 0.513

Leg fat mass 0.728
android fat mass 0.061
Gynoid fat mass <0.001
Android/gynoid ratio <0.001
Android % fat <0.001
Gynoid % fat <0.001

Fat mass/ht? 0.003

runk fat mass(g) - Android fat mass

mass %age of>36.6% has 96.6% sensitivity and 85.2%
specificity for independently diagnosing PCOS.

An area under the curve (ROC curve) of the android/
gynoid ratio to independently predict the presence
or absence of PCOS is shown in Fig. 3. There was a
high ARC value (0.893). The coordinates of the curve
revealed that the use of the android/gynoid ratio for
independently diagnosing PCOS with an android/
gynoid ratio of>0.89 has 100% sensitivity and 85.2%
specificity.
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Fig. 1 a Pair-wise correlation between arm fat mass and leg fat mass. The first graph above shows the log-likelihood function of the difference
between the arm fat mass and leg fat mass. The second shows a uniform prior distribution which suggests no prior belief. The third graph shows
the plot of the posterior distribution of 0.8. b Pair-wise correlation between trunk fat mass and android fat mass. The first graph above shows

the log-likelihood function of the difference between the trunk fat mass and Android fat mass. The second shows a uniform prior distribution,

this suggests no prior belief. The third graph shows the plot of the posterior distribution of 0.8. ¢ Pair-wise correlation between trunk fat mass

and fat mass/height? The first graph above shows the log-likelihood function of the difference between the trunk fat mass and fat mass/height>.
The second shows a uniform prior distribution, this suggests no prior belief. The third graph shows the plot of the posterior distribution of 0.8. d
Pair-wise correlation between trunk fat mass and android-gynoid ratio. The first graph above shows the log-likelihood function of the difference
between the trunk fat mass and the android/gynoid ratio. The second shows a uniform prior distribution which suggests no prior belief. The

third graph shows the plot of the posterior distribution of 0.8. e Pair wise correlation between android fat mass and fat mass/height? ratio. The
first graph above shows the log-likelihood function of the difference between the Android fat mass and fat mass/ht”. The second one shows

a uniform prior distribution—this suggests no prior belief. The third graph shows the plot of the posterior distribution of 0.9. f Pair wise correlation
between android fat mass and android-gynoid ratio. The first graph above shows the log-likelihood function of the difference between the Android
fat mass and android/gynoid ratio. The second shows a uniform prior distribution—this suggests no prior belief. The third graph shows the plot

of the posterior distribution of 0.8
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Fig. 3 ROC curve for predictability of PCOS by android/gynoid ratio
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Discussion

Our study used DEXA scans to examine the body com-
position of patients with PCOS in comparison with a
control group of healthy patients.

The BMI of our cases and controls were comparable.
This is important as most of the prior work done in PCOS
patients has been skewed towards choosing patients with
increased BMI. Using anthropometric indices like waist
circumference, and waist-hip ratio can only serve as a
surrogate for fat distribution [11]. The use of DEXA to
determine body fat composition and distribution is accu-
rate and less time-consuming as compared to other imag-
ing modalities like MRI [12]. Besides, the DEXA scan is
more reproducible and cheaper.

Previous studies have proven by using dual-energy
X-ray absorptiometry that women with PCOS have a
high prevalence of central fat accumulation compared to
BMI-matched control [13].

Arms fat mass, arms fat %, trunk fat mass and fat %,
android fat mass, android total mass, android-gynoid
ratio, fat mass index, total body % fat, and trunk/limb fat
mass ratio were found to be raised in our cases as com-
pared to controls.

In our study, there was preferential fat distribution in
the trunk in females with PCOS as compared to con-
trols (58.5% vs 49.3% of total fat mass; p value <0.0001),
a finding that has been seen in other studies as well [14].
Fat mass index (EMI; kg/m?] =fat mass (kg)/height (m)?
android-gynoid ratio, and total body fat %age were found
to be raised in our cases. Previous studies have proven
that these DEXA-derived fat indices are significantly
raised in PCOS cases and correlate with anthropomet-
ric indices [15]. Valuation of these fat indices has been
reproduced in previous studies as well [16].

In our multivariate analysis, we found that there was
a significant relation between trunk fat mass and (1)
android % fat, (2) gynoid fat mass, (3) android-gynoid
ratio, (4) fat mass/ht?.

We analyzed the ROC curve of these significant vari-
ables to define the cut-off for independently predicting
PCOS phenotype in our cohort. Such an attempt has
also been made in prior studies [15]. Defining cut-offs
might help in evaluating and following these patients.
The android-gynoid ratio was a strong predictor of PCOS
diagnosis in our cohort (ARC of 0.89). Aziz M et al. found
that the android-gynoid ratio is a strong predictor of car-
diovascular risk in PCOS cases [17].

Using DEXA to measure adipose tissue has some disad-
vantages (no difference between types of adipose tissues,
at low levels of visceral fat it can be underestimated while
at high levels it can overestimate fat percentage) [18, 19].

In conclusion, DEXA-derived adipose tissue param-
eters can be used to determine cut-offs in diagnosing
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PCOS with reasonable success and should be widely used
in basic patient assessment. It can help to delineate PCOS
patients who need diet and lifestyle modification. How-
ever, more studies on the accuracy and cut-offs of DEXA-
derived measures in different ethnic and age groups of
PCOS women are still needed.

Summary
The present case—control study illustrates a few impor-
tant points:

1.In PCOS patients, there was increased deposi-
tion of fat around the trunk and upper limbs in the
android pattern with an increased android-gynoid
ratio as compared to controls.

2.Trunk fat percentage and android-gynoid ratio can
independently predict the presence or absence of
PCOS with high sensitivity and specificity with pre-
dictable cut-offs.

3.Though the mean BMI of PCOS cases was more
than controls it was statistically insignificant.

In conclusion, the study demonstrates that there is a
central pattern of fat distribution in patients with PCOS
while the overall fat might not be increased which is well
analyzed by DEXA. DEXA is a feasible, affordable, reli-
able, and safe modality (radiation exposure is the same as
that of natural background levels of radiation). Hence, we
suggest its use in the initial diagnostic workup and fol-
low-up of PCOS patients for their body fat distribution
and content.

Study limitations

The study may have had a few limitations the sample size
was not adequate to notice differences between obese
and lean PCOS patients.

1. The sample size was not large enough to determine
age-wise trends in each subgroup.

2. Referral bias of physicians to refer obese PCOS
patients more than lean PCOS patients may have
skewed the results.

Abbreviations

PCOS  Polycystic ovary syndrome

DEXA  Dual-energy X-ray absorptiometry
BMI Body mass index
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