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ABSTRACT

This study aimed to determine the differences in body fat distribution and central obesity
indicators using dual-energy X-ray absorptiometry (DXA), adiposity indices, and anthropometric
indices between women with and without polycystic ovary syndrome (PCOS).

Clinical and laboratory examination history, including transvaginal ultrasound, fasting
blood samples, anthropometric measurements, and DXA scans were conducted in 179 women with
PCOS (PCOS group) and 100 without PCOS (non-PCOS group). The volunteers were grouped by
body mass index (BMI): normal (18-24.9 kg/m?), overweight (25-29.9 kg/m?), or obese (>30 kg/m?).
The visceral adiposity index (VAI) and lipid accumulation product (LAP) were calculated, regions of
interest (ROIs) were determined, and the fat mass index (FMI) was calculated using DXA.

VAI, LAP, ROIs, FMI, and adiposity indices by DXA were higher in women with PCOS and normal
BMI. In both PCOS and non-PCOS groups, the ROls progressively increased from normal BMI to
overweight and obese, and from overweight to obese. Obese women with PCOS showed high trunk
fat mass. However, obesity was not able to modify these trunk/periphery fat ratios in PCOS from
overweight to higher BMI. These variables were associated with the incidence of PCOS.

In women with PCOS and normal BMI, both DXA and the adiposity indices, VAl and LAP, are more
sensitive methods to evaluate total body fat and fat accumulation in the central abdominal region. It
was also observed that as BMI increased, the differences in measurements between women with and
without PCOS decreased.
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Polycystic ovary syndrome (PCOS) is a common
endocrine disorder in women of reproductive
age, with an estimated prevalence of 6%-20% (1).
Ovulatory dysfunction and impaired fertility are
common reproductive outcomes related to PCOS
pathophysiology, possibly triggered by androgen excess.
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Beyond hyperandrogenism, several clinical implications
include metabolic syndrome, insulin resistance (IR),
abnormal glucose metabolism, dyslipidemia with ,
increased risk of type 2 diabetes mellitus, cardiovascular

disease (CVD), and psychological disturbances (2).
The prevalence of obesity in PCOS is reportedly
30%-70% (3). However, a small proportion of patients -
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present with a normal body mass index (BMI; <25
kg/m?) which can minimize the adverse effects of
syndrome-related hormonal and metabolic profiles,
except IR (4).

Central obesity plays an important role in PCOS
development and is associated with metabolic
disturbances and IR, regardless of normal BMI,
overweight, or obesity (5,6). Different methods have
been used to evaluate body fat distribution. Whole-
body dual-energy X-ray absorptiometry (DXA) scans
allow estimation of the total, abdominal, and extremity
fat mass (7).

anthropometry is a simple, non-invasive, and low-

Among double indirect procedures,

cost method that can reach more participants (8).
Other indicators that consider fat accumulation and
distribution are the lipid accumulation product (LAP),
an index to measure the excessive accumulation of
abdominal fat based on the triglyceride (TG) level
and waist circumference (WC) (9), and the visceral
adiposity index (VAI), an index to assess fat distribution
and function using WC, BMI, TG, and high-density
lipoprotein cholesterol (HDL-C) levels (10).
Considering the importance of evaluating central
obesity and its relationship with metabolic disorders
and CVD risk, it is necessary to document BMI and
estimate central obesity to better stratify the risk of
PCOS in women. This study aimed to determine the
differences in body fat distribution and central obesity
indicators using DXA, adiposity, and anthropometric
between BMI-matched women with and
without PCOS, as well as in the metabolic and hormonal

indices

features of the disorder.

MATERIALS AND METHODS
Study design and participants

This was an observational, retrospective study that
evaluated data from women with PCOS and control
samples with regular menstrual cycles recruited at the
Human Reproduction Service of the Gynecology and
Obstetrics Department of Ribeirio Preto Medical
School, University of Sdo Paulo. Data from two clinical
trial studies were evaluated, including a non-randomized
clinical trial (NRCT) with sample collection between
2010 and 2013 and an RCT conducted between 2014
and 2016. All related trials for these interventions
were approved by the Brazilian Clinical Trials Registry
(NRCT, RBR-7p23c3) and the International Standard
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Randomized Controlled Trial Registry (RCT,
ISRCTN10416750). This study was approved by the
institutional review board of the University Hospital
(HC-FMRP-USP — CAAE: 14496719.4.0000.5440).
This study included 279 women aged 18-39 years: 179
women with PCOS (PCOS group), and 100 women
with ovulatory menstrual cycles (non-PCOS group),
with normal (18-24.9 kg/m?), overweight (25-29.9
kg/m?), or obese (>30 kg/m?) BMIs according to the
World Health Organization criteria. All participants
provided written informed consent.

Women with PCOS were diagnosed according to
the Rotterdam ESHRE /ASRM PCOS Consensus (11)
based on the presence of at least two out of three criteria:
clinical and /or biochemical hyperandrogenism, oligo/
anovulation, and polycystic ovaries on ultrasonography.
The non-PCOS group comprised healthy women with
regular menstrual cycles of 24-32 days, with 3-7 days
of duration and testosterone levels and free androgen
index (FAI) within the reference interval and those
without hirsutism. Women with and without PCOS
were included irrespective of race, parity, or social class.
Participants with incomplete data; users of drugs — if
within 6 months prior of enrollment to the study — that
interfered with the hypothalamic-pituitary hormone
function (i.e., hormonal contraceptives, estrogen and
progestin drugs, hormone therapy, gonadotropin-
releasing hormone analogs and antagonists); pregnant
women; smokers; and women with congenital adrenal
hyperplasia, thyroid diseases, hyperprolactinemia, or
Cushing’s syndrome were excluded from the study.

Clinical and biochemical parameters

Transvaginal pelvic ultrasonography was performed
using a Voluson 730 Expert instrument (GE Medical
Systems, Zipf, Austria) to evaluate the presence of
polycystic ovaries. Fasting blood samples were drawn
until the eighth day of the menstrual cycle (early follicular
phase) or any day when the participant experienced
amenorrhea. Blood tests included androgens (total
testosterone, androstenedione), sex hormone-binding
globulin (SHBG), fasting insulin, glucose, and fasting
lipid profiles.

Fasting insulin and SHBG levels were measured
using a chemiluminescence method (Immulite® 2000
Immunoassay System; Siemens®, Santa Ana, CA,
USA). Fasting blood glucose was determined using
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Wiener Lab, Sio Paulo, Brazil). IR was quantified
using the homeostatic model assessment (HOMA-IR):
(fasting blood glucose in mg/dL x0.05551) x fasting
insulin in pUI/mL/22.5 (12). Plasma total cholesterol
(TC), HDL-C, and TG levels were measured using
an enzymatic method (CMD 800X1,/CMD 800iX1,
Wiener Lab, Sao Paulo, Brazil). Low-density lipoprotein
cholesterol (LDL-C) levels were measured using the
Friedewald formula: LDL-C = TC - (HDL-C+TG/5)
(13). Testosterone and androstenedione levels were
measured using a radioimmunoassay in the NRCT
(Immulite1000 Immunoassay System; Siemens®, Santa
Ana, CA, USA) and chemiluminescence method in the
RCT (Immulite 1000; Immunoassay System; Siemens®)
—Study 2). The FAI was calculated as total testosterone
(nmol/L)/SHBG (nmol /L) x 100] (14).

Anthropometric measurements

Height was recorded to the nearest 0.1 ¢cm using a
standard anthropometer, and weight to the nearest
0.5 kg using a weight scale (Filizola, Sio Paulo,
Brazil). A non-elastic flexible measuring tape was used
to measure, with all measurements taken by a single
evaluator and recorded to the nearest 0.1 cm. WC was
measured as the mid-distance between the lower ribs
and iliac crest, and the hip circumference (HipC) was
measured around the greatest circumference of the
gluteal region. The following anthropometric indices
were calculated: BMI (kg/m?), calculated by dividing
body weight by the square of the height; waist-to-hip
ratio (WHR), calculated by dividing WC (cm) by HipC
(cm), and waist-to-height ratio (WHtR), calculated by
dividing WC (cm) by height (cm).

Adiposity indices — VAl and LAP

VAI was measured using the formula [WC/36.58
+ (1.89xBMI) * (TG/0.81) * (1.52/HDL)] and
LAP was measured using [{WC (cm) - 58} *TG
(nmol/L)] (15).

DXA scans

DXA in whole-body array mode (Hologic device
Discovery® QDR Series, Waltham, MA) was used to
measure whole-body fat mass (BEM ) and to difterentiate
between peripheral (legs and arms) and central fat mass.
Default software readings were used to divide the body
into six compartments: the head, trunk, arms, and legs.
The scan was performed on all volunteers in morning
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after a 12-hour fast. All volunteers were instructed to
wear comfortable, loose-fitting clothes avoidance of
metal components. The regions of interest (ROIs) for
the assessment of fat distribution were the abdominal
trunk and android regions, and the following variables
of fat distribution were calculated: total BEM (Total ;)
(g), total body fat percentage (Total, . ), trunk BEM

%FM

(Trunk,,) (g), trunk body fat percentage (Trunk,, ),
android fat mass (And,,,) (g), android fat percentage
(4pu)> gynoid fat mass (Gyn,,) (g), and gynoid fat
percentage (Gyn,,, ). The total fat mass index (FMI
kg/m?) - Total , (kg)/height® (m?), and other indices
were calculated using the 5 Discovery Wi model
software (S/N 84826) version 13.0, provided by the
manufacturer (Waltham, MA), as follows: android/
gynoid percentage fat ratio (A/G,,,,), trunk/leg fat
percentage ratio (Trunk/Legs, .., ), and trunk/limb fat

mass ratio (Trunk/Limb,, ). Limb fat was calculated

FAT>
as the total fat in arms and legs (g). In the upper arms,
the limb fat included subcutaneous adipose tissue from
the shoulder to the wrist. In the lower extremities, limb
fat included subcutaneous adipose tissue from the hip

to the ankle.

Statistical analyses

All statistical analyses were performed using the PROC
MIXED method of SAS, version 9.3 (SAS Institute
Inc., University of North Carolina, NC, USA).
Exploratory analysis of the data was performed using
measures of the central position and dispersion. Chi-
square tests were used to determine the associations
between categorical variables, and t-tests and one-way
analysis of variance were used to analyze continuous
variables. A generalized linear model multivariate was
used to investigate the linear relationships between the
explanatory variables age, HOMA-IR, and FAI, and
the dependent variables were the markers of fat mass.
Statistical significance was set at P < 0.05.

RESULTS

The clinical characteristics of the PCOS and non-
PCOS groups are shown in Table 1. Levels of prolactin
(PCOS 14.83 + 11.38 ng/mL »s non-PCOS 14.98 =
10.77 ng/mL; P = 0.92), 17-Hydroxy progesterone
(PCOS 99.31 = 60.50 ng/dL »s non-PCOS 101.75
£ 67.09 ng/dL, P = 0.79), and TSH (PCOS 2.33 =
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Table 1. Clinical characteristics evaluated in the PCOS and non-PCOS groups

Evaluating fat accumulation in PCOS

PCOS (n = 179)

non-PGOS (n = 100)

Variables PValue
Mean (SD) Mean (SD)
Age (vears) 28.41 (5.28) 29.37 (4.97) 0.13
Hormonal parameters
Total testosterone (ng/dL) 98.47 (45.43) 70.76 (29.43) 0.00
FAI 9.46 (7.38) 5.26 (4.11) 0.00
Androstenedione (ng/dL) 92.68 (50.28) 100.60 (34.93) 0.19
SHBG (nmol/L) 50.78 (34.70) 62.64 (36.78) 0.01
E2 (pg/mL) 72.85 (61.62) 135.52 (83.89) 0.00
FSH (uUi/mb) 5.03 (2.40) 4.97 (5.76) 0.90
LH (uUI/mL) 7.83 (6.06) 5.45 (5.94) 0.03
Metabolic parameters
Fasting glycaemia (mg/dL) 90.05 (17.15) 96.73 (20.96) 0.00
Fasting insulin (mg/dL) 10.95 (10.40) 5.86 (5.13) 0.00
HOMA-IR 253 (3.12) 1.32(1.32) 0.00
Total cholesterol (mg/dL) 190.66 (38.00) 193.88 (43.30) 0.54
Triglycerides (mg/dL) 125.07 (96.36) 100.90 (55.19) 0.02
HDL-C (mg/dL) 49.41 (11.31) 55.21 (14.93) 0.00
LDL-C (mg/dL) 116.00 (34.47) 119.91 (34.91) 0.38
Anthropometric measurements
Weight (kg) 75.73 (16.50) 70.94 (16.69) 0.02
Height (m) 1.61 (0.06) 1.62 (0.07) 0.30
BMI (kg/m?) 29.00 (5.75) 27.05 (5.91) 0.00
Waist circumference (cm) 86.73 (13.20) 78.75 (12.74) 0.00
Hip circumference (cm) 106.96 (10.56) 105.54 (11.00) 0.30
Waist-to-hip ratio 0.81(0.08) 0.74(0.07) 0.00
Waist-to-height ratio 0.53 (0.10) 0.49 (0.08) 0.00
Adiposity Index
VAI 7.54 (5.34) 5.63 (2.59) 0.01
LAP 44,10 (44.24) 27.50 (30.70) 0.00
Body fat mass — DXA
Total,,, (@) 30282.47 (9367.52) 26714.74 (10106.57) 0.00
Totalg, 40.35 (5.04) 37.87 (7.08) 0.01
Trunk,,, (@) 14084.29 (5000.51) 11274.17 (4907.06) 0.00
Trunk,, 39.05 (6.27) 34.47 (8.23) 0.00
Android,,, (g) 2488.34 (1048.31) 1987.04 (1014.31) 0.00
Android, 42.27 (6.90) 38.09 (9.54) 0.00
Gynoid,, (9) 5338.69 (1549.94) 4977.38 (1597.16) 0.08
Gynoid, 44.21 (4.93) 43.21 (6.83) 0.19
Fat mass index — DXA
FMI (kg/m?) 11.87 (4.48) 10.35 (3.72) 0.00
MG, 0.96 (0.14) 0.87 (0.15) 0.00
Trunk/Legs, q,; 0.90 (0.15) 0.79 (0.14) 0.00
Trunk/Limb,,; 0.93 (0.21) 0.77 (0.17) 0.00

P < 0.05. The data are presented in mean and (SD) standard deviation. PCOS: polycystic ovary syndrome; %: percentage; FM: fat mass; SHBG: sex hormone binding globulin; FAI: free testosterone
index; E2: estradiol; LH: luteinizing hormone; FSH: follicle stimulating hormone; HOMA-IR: homeostatic model assessment; HDL-C: high density lipoproteins cholesterol; LDL: low density lipoproteins
cholesterol; BMI: body mass index; VAI: visceral adiposity index; LAP: lipid accumulation product; And: android; Gyn: gynoid; FMI: total fat mass index; A/G ratio: android/gynoid fat ratio; Trunk/Limb
trunk/limb fat mass ratio; Trunk/Legs,

Arch Endocrinol Metab, 2023, v.67(5), 1-13, e000627.
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P = 0.58) did not differ between groups. The PCOS
group had higher testosterone and fasting insulin levels
and FAI and HOMA-IR scores than the non-PCOS
group. Moreover, the PCOS group had worse serum
levels of TG, HDL-C, and SHBG. Overall, BMI and
weight were increased in women with PCOS (P =
0.02 and P < 0.01, respectively), and in all markers of
BFM and central obesity indicators (P < 0.05, for all),
except for region gynoid by DXA (P = 0.08) and HipC
by anthropometry (P = 0.30). In the PCOS group,
74 (41.34%) women were obese, 54 (30.17%) were
overweight, and 51 (28.49%) were of normal weight.
In the non-PCOS group, 33 (33.00%) were obese,
25 (25.00%) were overweight, and 52 (52.00%) had
normal BMI values.

Intergroup analysis

Compared to the non-PCOS group, the PCOS group
showed increased testosterone levels and FAI scores in
normal BMI (P < 0.001 and P =0.027, respectively),
overweight (P = 0.048 and P = 0.037, respectively),

A) Total testosterone

100 29l

oy
=]
S 80

7553 7578
70 6334
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and obesity (P< 0.001 and P=0.001, respectively) and
fasting insulin level and HOMA scores in normal BMI
(P =0.007 and P = 0.010, respectively), overweight
(P =0.000 and P = 0.003, respectively), and obesity
(P=0.002 and P=0.004, respectively) (Figures 1 [a-g]
and 2 [a-g]).

In the anthropometric indices, the PCOS group
showed elevated values of WC and WHR in normal
BMI (P < 0.001, both), overweight (P < 0.001, both),
and obesity (P = 0.002, both), and WHtR in normal
BMI and overweight (P < 0.001, both). The adiposity
indexes, VAI, and LAP values were higher in women
with PCOS with normal BMI (P=0.003 and P< 0.001,
respectively). The ROIs, FMI, and adiposity indices
by DXA, the PCOS group showed elevated values in
normal BMI in Total, Total, ., , Trunk,, Trunk,,,
And,, And,..., Gyn,., FMI, A/G,, ., Trunk/
Legs,,,» Trunk/Limb overweight in Trunk,,
Trunk,, , And Trunk/Legs

weap Lrunk/
Limb,, and Trunk/Legs

FM?

FAT;
FM? A/ GRATIO’
and obesity in Trunk

BEAT %EAT

(Table 2).
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Figure 1. Intergroup and Intragroup analysis of hormonal parameters.
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Figure 2. Intergroup and Intragroup analysis of metabolic parameters.

Intragroup analysis

According to BMI, the PCOS group showed an increase
in FAI scores and a decreasing SHBG level, progressively
from normal BMI to overweight (P = 0.041 and P <
0.001, respectively), from normal BMI to obese (P <
0.001, both), and overweight to obese (P =0.036 and P =
0.026, respectively), with significant differences between
them (P < 0.001, both). In the non-PCOS group, the
FAI scores increased from normal to obese (P = 0.019).
Fasting insulin levels and HOMA score increased as BMI
increased, from normal BMI to obese and overweight
to obese in both groups. Fasting glycemia levels were
elevated from normal BMI to obese, only in the PCOS
group (P = 0.011) (Figures 1 [a-g] and 2 [a-g]).

The WC, HipC, and WHtR showed progressive
increases with differences found from normal BMI to
overweight and obese, and from overweight to obese (P <
0.001, all), in both PCOS and non-PCOS groups, as well
as between them (P < 0.01, all). In the non-PCOS group,
WHR did not differ from normal BMI to overweight (non-
PCOS, P=0.309). In both PCOS and non-PCOS groups,
the ROIs (Total, , Total, ., Trunk,, Trunk, . , And,,

FM?

Arch Endocrinol Metab, 2023, v.67(5), 1-13, e000627.

And,;, ,and Gyn,, ) and LAP progressively increased with
differences found from normal BMI to overweight and
obese, and from overweight to obese, as well as between
them (P < 0.001, all). However, in both groups, Gyn,,
did not differ from overweight to obese. In adiposity
indices measured by DXA (EMI, A/G,,,,) progressively
increased with differences found from normal BMI to
overweight and obese, and from overweight to obese,
as well as between them (P < 0.01, all). VAL, Trunk/
Legs, ;> and Trunk/Limb,, . were not different between
overweight and obese individuals (P= 0.102; P=0.060; P
= 0.189, respectively) in the PCOS group, and in the VAI
and Trunk/Limb,, . from normal BMI to overweight (P=
0.060 and P= 0.248, respectively) (Table 3).

Generalized linear model multivariate

WC, WHR, WHItR, trunk FM, And,;, A/G, ;0>
Trunk/Legs, ., and Trunk/Limb,, were associated
with PCOS. The other covariates (age, FAI, and
HOMA) were associated with several markers of fat
mass, except Gyn,, to age and HOMA-IR, and HipC

and Gyn,, to FAI (Table 4).

and
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DISCUSSION

The markers of whole-BFM and central obesity are
important for estimating abdominal adiposity to better
stratify the risk of PCOS in women. We observed
that women with PCOS showed increased Total,,,
and fat accumulation in the central region compared
to women without PCOS matched by BMI. This
difference appears to be more pronounced in women
with normal BMI in both DXA and adiposity index.
Except for HipC, anthropometric measurements
were increased in women with PCOS, independent of
BMI. In the body fat distribution and central obesity
indicators, progressive and significant increases in
BMI were observed within the groups. However, no
differences were observed in the trunk-to-peripheral fat
ratio and VAI in women with PCOS, from overweight
to obese, and in women without PCOS from normal
BMI to overweight.

Fat accumulation is high in patients with PCOS,
as estimated using DXA (6,16,17). Carmina and
cols. observed an increase in the amount of central
abdominal fat in PCOS patients, but not in total and
trunk fat. Moreover, only women who presented with
increased central abdominal fat had higher insulin and
androgen levels and reduced insulin sensitivity (6).
Another trial showed that lean patients with PCOS
had higher trunk/periphery fat ratios and reduced
insulin sensitivity. However, the trunk/peripheral fat
ratio in obese PCOS patients, despite significantly
higher levels of total and free testosterone and reduced
insulin sensitivity, did not differ from that in women
with regular menstrual cycles (16). Satyaraddi and
cols. observed that Total,; and Trunk,, were higher
in PCOS women than in non-PCOS controls matched
by BMI. Moreover, PCOS patients with and without
obesity had increased visceral adiposity, with a difference
even after correcting for body weight. Additionally,
the IR was more prevalent in obese PCOS patients
(80%) than in non-obese individuals (20%), as well as
hyperandrogenism, either biochemical or clinical, 60%
and 30%, respectively (17). Our results support these
findings. Although we observed a high amount of trunk
fat and trunk/periphery fat ratios in obese women
with PCOS compared to their BMI-matched controls,
obesity was not able to modify these ratios in PCOS
from overweight to higher BMI. This and the similarity
of the other DXA indicators among obese women
suggests that obesity is not a factor that significantly
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increases the accumulation of total and abdominal fat
in PCOS, but being overweight does. Most individuals,
regardless of having PCOS, have abdominal obesity.

In this study, HOMA and FAI, along with the age
and incidence of PCOS, were predictors of body fat
distribution and central obesity by DXA, except for
gluteus-femoral (i.e., gynoid) fat mass. Gynoid fat
mass and percentage of gynoid fat relative to the total
body were similar in overweight and obese women.
However, in women with normal BMI, the percentage
of gynoid fat was high in those with PCOS. In contrast,
android fat mass, percent android fat relative to total
body fat, and A/G ratio were similar between obese
women. Dumesic and cols. showed a similarity in the
fat of the gynoid region and an increase in the fat of
the android region. They also reported that neither
GynEM nor percent gynoid fat relative to total body fat
were related to circulating androgen or insulin levels.
However, intra-abdominal fat deposition is positively
correlated with insulin levels and hyperandrogenism
in PCOS (18) i.e., hyperandrogenism, independent of
BMI and HOMA in women with PCOS, is associated
with preferential deposition of fat in the abdominal
region, linking visceral fat, hyperinsulinemia, and
hyperandrogenism.

A higher BMI in PCOS is associated with VAI and
LAP obesity indices (19-21). In our study, LAP and
VAI showed worse scores from normal BMI to obese
women with PCOS, and the same curve of these indices
was observed in women without PCOS. However,
VAI was not different in women with PCOS from
overweight to obese and in women without PCOS
from lean to overweight. Although the explanations
for this need to be clarified, it is likely that the changes
associated with triglycerides may be reflected in the VAL
The VAl is a calculated model based on a combination
of anthropometric and laboratory data. Moreover,
in this study, women with PCOS and normal BMI
were found to have higher VAI and LAP values than
women without PCOS. This was not observed in the
overweight and obese female subgroups. LAP and VAI
are effective markers for stratifying metabolically obese
normal-weight adults and are more likely to accumulate
visceral fat, regardless of sex and age. These indices are
strongly related to this phenotype, with the supremacy
of VAI over LAD, regardless of the criteria used to
define the phenotype (22).

Age, HOMA, and FAI were related to LAP and VAI
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study showed that lean PCOS and RI had higher values
for LAP and VAI concerning lean PCOS without RI.
This study also showed that both LAP and VAI may
be useful for the assessment of hyperandrogenism in
PCOS lean (23) and predicting IR in women with
normal weight (24). For overweight/obese women
with PCOS, anthropometric indices, such as BMI
and WHtR, are more effective in predicting IR (24).
However, a recent study demonstrated the superiority
of VAI in predicting metabolic syndrome and RI in
women with PCOS with BMI < 30 and BMI > 30 over
other anthropometric parameters or anthropometric-
metabolic indices (21).

We observed that some anthropometric parameters,
such as WC, WHtR, and WHR, except HipC, showed
visceral adiposity accumulation to some degree among
women with PCOS when compared with their BMI-
matched controls. The higher the BMI, the worse the
scores of these parameters in both groups, women with
PCOS and non-PCOS. Our results are similar to those
of other studies (19,25). However, Chitme and cols.
observed a higher percentage of women with PCOS
with large and extra-large circumference hip, and
that increased WC and HipC were associated with an
increased incidence of PCOS (26). In our study, the
incidence of PCOS was associated with WC, WHtR,
and WHR, but not with HipC and BMI. Age, HOMA,
and FAI were predictors of WC, WHtR, and WHR,
except for the FAI for HipC.

Among the anthropometric indices mentioned
previously, BMI stands out. BMI lacks discriminatory
power between fat and lean tissues for a standardized
definition of obesity (27), i.e., there was no linear
association with body fat percentage (28). Although
several women with PCOS have a normal body fat
level based on BMI, our results corroborate those
of a previous study (29) and demonstrate that most
women with PCOS and normal BMI have an excess
body fat level. Moreover, body fat percentage, but not
BMLI, is a better marker for measuring inflammation
related to body fat accumulation in PCOS (30). We
observed that the incidence of PCOS was a predictor
of body fat percentage, but not BMI. Based on BMI,
some studies classity PCOS into obese-overweight
and normal BMI phenotypes (4,31) and suggest that
there may be different metabolic profiles between these
phenotypes because of different proportions of adipose
tissue (24,31). Our study also found that HOMA-IR
value increased with weight gain and fasting insulin
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regardless of PCOS, and high values of fasting glycemia
in line with the higher BMI in PCOS.

The comparison of lipid profiles in our sample based
on BMI showed similarity in mean levels of LDL, TG,
TC, and HDL. Contrastingly, other studies have shown
that lipid profiles in obese PCOS and non-obese PCOS
patients demonstrated significant differences in levels
of TC, TG, and LDL compared to their BMI-matched
controls (32). However, conflicting results can be found
in the study population due to factors such as race, age,
genetics, diet, lifestyle, and differences, in economics.
However, dyslipidemia in PCOS occurs within a set of
interrelated pathological variables (33). In our study,
while investigating the relationship between metabolic
issues, hyperandrogenism, and BMI, we found that
while in PCOS, the presence of overweight worsens
TG and HDL scores, in women without PCOS these
changes occur only in the presence of obesity and in
LDL in PCOS. This demonstrates that dyslipidemia is
associated with obesity, independent of PCOS.

In all the subgroups, women with PCOS had
higher testosterone and fasting insulin levels and FAI
and HOMA scores. Luotola and cols. found that in
women with PCOS, testosterone levels and increased
FAI values are associated with a reduction in the insulin
sensitivity index and an increase in early insulin secretion
regardless of adiposity, i.c., elevated testosterone
levels, even within the normal range, can alter insulin
sensitivity in women with PCOS (5). Additionally,
the HOMA-IR value increased with weight gain and
fasting insulin in both groups. In women with PCOS,
the FAI increased directly proportional to BMI, with
a greater value in obese women, and SHBG showed
an inversely proportional increase in BMI, with a
greater value in the normal BMI group. In non-PCOS
women, the difference was only from overweight
to obese. Moreover, the SHBG levels decreased as
obesity indicators increased. In obese individuals, the
androgenic transition accelerates depending on the
SHBG reduction, and androgenic synthesis increases
to correspond to this (34). SHBG is responsible for
regulating the biological activities of sex hormones
and the main transporter proteins of estradiol and
testosterone (35), affecting their bioavailability (36).

The presence of excess androgens can characterize
the development of obesity, especially visceral adiposity,

during adolescence and adulthood. This may favor the :

development of metabolic disorders at any age, as a

condition of PCOS secondary to obesity in adolescents =

1
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and women of reproductive age (37). There is reportedly
a 36.6% increase in the risk of developing PCOS in
women with higher total body fat (26). However, the
mechanisms mediating this process are more complex
than a simple cause-and-effect process (38).

The strength of this study was that PCOS
patients were carefully characterized for clinical trials.
Moreover, the groups evaluated were paired for BMI,
thus reducing the confounding effects of this variable.
Although we collected details on sedentary lifestyle in
the PCOS and non-PCOS groups, this study was limited
by the retrospective nature of a convenience sample.
Detailed studies clearly defining body composition by
assessing visceral, subcutaneous, central, and peripheral
fat mass may provide more reliable information on the
evolution of body fat distribution following BMI and
phenotypes.

In conclusion, in women with PCOS and normal
BMI, DXA and the adiposity indices, VAI and LAP,
are more sensitive methods to evaluate total body fat
and fat accumulation in the central abdominal region.
A higher BMI was found to cause specific problems of
PCOS and may be associated with similar comorbidities
in women of reproductive age, independent of PCOS.
Moreover, IR was associated with PCOS, regardless of
the BMI. However, overweight adversely affected many
aspects of PCOS, such as metabolic abnormalities,
while obesity further worsened these outcomes.
These findings aid understanding of the complexity of
PCOS, demonstrating the distribution of body fat, and
hormonal and metabolic profiles of women matched by
BMI. The use of viable methods, such as VAI and LAPD,
to estimate central obesity, especially in thin women,
can assist in clinical practice.
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