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INTRODUCTION

Polycystic ovarian syndrome (PCOS) is the most 
prevalent endocrine condition affecting women, 
with a 6%-10% incidence. Due to the heterogene-
ity of the disease, it frequently remains unnoticed. 
Infertility, hyperandrogenism, ovulatory dys-

function, and polycystic ovaries are all symptoms 
and signs of PCOS, in addition to a wide range 
of effects on the body [1, 2]. With the essence of 
the third decade of the twenty-first century, wom-
en with PCOS have become the target of a wide 
range of researchers from many medical and bi-
ological branches. This change was mediated by 
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ABSTRACT

Objective. Polycystic ovarian syndrome (PCOS), a common endocrinopathy of re-
productive-aged women, harbours increased insulin resistance (IR) and cardiovas-
cular risk. Screening for associated health risks reduces morbidity and mortality. 
Measurement of intima-media thickness (IMT) by carotid artery Doppler (CCA) was 
tested as a marker for IR previously; herein, we aimed to verify the value of area 
under the curve (AUC) of CCA Doppler wave as a possible marker for IR in PCOS.
Patients and Methods. 140 PCOS women were recruited from the ultrasound de-
partment of Al-Yarmouk Hospital; from CCA-Doppler, we recorded CCA-IMT, 
pulsatility index (PI), and resistance index (RI). By Graph software, AUC-CCA was 
calculated for all. Patients’ biochemical (lipid and glucose) and hormonal parameters 
(FSH, LH, insulin, and testosterone) were checked. Lastly, PCOS cases were split into 
three subgroups based on IR centile to show the relationship between CCA and AUC.
Results. There are strong inverse correlations between CCA-AUC versus HDL and 
SHBG (-0.98, -0.99), p < 0.0001. CCA-AUC correlated strongly and positively with 
[LDL, Cholesterol, LH/FSH, Serum Insulin, CCA-IMT, and HOMA-IR], r = (0.99, 
0.78, 0.98, 0.97, 0.99, 0.99), p < 0.0001. Sub-group analysis signified increased CCA- 
AUC with increasing IR severity (31.83 ± 3.90, 46.54 ± 5.03, 59.96 ± 2.57), p < 0.001; 
likewise, RI and PI of the CCA showed positive correlations (p = 0.040, p = 0.758) 
respectively.
Conclusions. A strong correlation of CCA-AUC with all hormonals, biochemical, 
and biophysical changes among PCOS cases, in addition to its simplicity and accu-
racy, makes CCA-AUC a recommendable parameter in PCOS women for diagnostic 
and prognostic values.
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the breakthrough in understanding PCOS, as it is 
one variant of insulin resistance disorder (IR) [3].  
Cardiovascular disease is more prevalent in 
PCOS than in healthy women, which is attributed 
to chronic inflammation, insulin insensitivity, hy-
perandrogenism, hyperlipidaemia, and elevated 
oxidative stress, all of which are implicated in the 
development of premature atherosclerosis and el-
evated cardiovascular events [4].
Continuous screening has focused on reducing 
possible remotely associated complications in the 
vasculature. Increased intima-media thickness 
(IMT) of the arterial walls associated with IR [5, 6] 
is one of the screening methods. The atherogenic 
milieu among PCOS women causes widespread 
premature atherosclerosis in virtually every ar-
tery in the body [7]. Doppler of the common ca-
rotid artery (CCA) was implemented to screen for 
cardiovascular risk among PCOS cases due to its 
superficial proximity and clear-cut repeated scans 
[8]. IR triggers premature atherosclerosis via en-
dothelial injury and increases intima-media thick-
ness and arterial remodelling. The increase in the 
carotid artery wall thickness consequently caus-
es a reduction in its lumen and increases blood 
speed in this artery [9]. Based on the physics of 
fluid flow, fluid speed in any vessel increases in-
versely with the diameter of the vessel, and since 
Doppler is a direct measure of the blood speed in 
the artery both in the systolic and diastolic phases 
[10], we hypothesized that the measurement 
of area under the curve (AUC) of carotid artery 
Doppler scan could give a reliable indicator of IR 
among women with PCOS [10]. The measurement 
of the CCA area under the curve (CCA-AUC) is 
literally the graphical presentation of blood speed 
in the carotid because the amount of blood passed 
per unit area in the artery section equals blood 
speed [11].
CCA-IMT and its predictors were examined in 
PCOS for a possible correlation of increased car-
diovascular morbidity and mortality, including 
ischemic heart disease, cerebrovascular accidents, 
and peripheral vascular diseases; however, they 
present inconsistent results [12-14].
Since measuring AUC is more accurate, as de-
scribed in earlier work [9, 15, 16], this study was 
designed to measure the change of blood speed 
reflected by the area under the curve of CCA Dop-
pler and its correlation with the hormonal, bio-
chemical, and biophysical markers of insulin re-
sistance among women with PCOS.

PATIENTS AND METHODS 

Study design and setting

A cross-sectional study recruited 140 participants in 
Al-Yarmouk Teaching Hospital from January 2019 to 
December 2021. Referred patients to the ultrasound 
department for pelvic scans suspected to have PCOS 
or to check for endometrial thickness were offered to 
participate in the study after being briefed about the 
study’s aim and methods. Verbal consent was taken 
for all patients recruited in this study. Helsinki’s dec-
laration was followed. The ethics committee issued 
this study’s approval (IRB 180 on 1-1-2019).

Inclusion criteria and exclusion criteria

We enrolled unmarried females aged 18-35 suspect-
ed to be PCOS based on Rotterdam diagnostic cri-
teria [17], where 2 out of 3 were considered for the 
diagnosis: first, history of oligomenorrhea or amen-
orrhea; second, hyperandrogenism, whether clini-
cal or biochemical; third, signs of polycystic ovaries 
in the ultrasound (US) scans [2]. We restricted our 
inclusion to women with a body mass index (BMI) 
ranging from 18-30 kg/m2.
Regarding oligomenorrhea, it was defined as a his-
tory of fewer than six cycles per year. As for amen-
orrhea, it was defined as when the cycle was absent 
for more than one year [14].
Hyperandrogenism was defined on clinical exam-
ination; hirsutism was considered with a score equal 
to or more than eight based on Ferriman-Gallwey 
score with or without acne or was biochemically de-
termined based on our lab reference values. 
Ultrasonic signs of PCOS were at least one ovary 
having 12 or more ovarian follicles that measures 
2-9 mm in diameter and/or increased volume of 
the ovaries by more than 10 ml [17].
An exclusion was made to women with:
1.	 BMI < 18 or > 30, they were excluded to elimi-

nate the obesity effect.
2.	 Those who received insulin-sensitizing agents 

or any hormonal drug for cycle regulation in the 
last six months were also excluded.

3.	 Cases with medical comorbidities such as thy-
roid diseases, diabetes hyperprolactinemia, 
renal, cardiovascular diseases, and those with 
blood diseases and those with incomplete data 
shown in study flowchart (Figure 1).

The pelvic ultrasound scan was trans-abdominal 
conducted; then, the examination was extended to 
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Doppler of CAA for enrolled cases who satisfied our 
inclusion criteria. Usually, one side is scanned while 
the patient lies in a supine position with their head 
turned to the opposite side of the examined artery. 
Exploration was done in B-mode utilizing a TOSHI-
BA Ultrasound Machine, logic p5, linear probe, 7.5-
10 MHz. Doppler parameters included the pulsatility 
index (PI), resistance index (RI), and repeated systol-
ic and diastolic velocity measures were performed in 
addition to the measurements of IMT. The latter was 
defined as the distance between the lumen intima 
and the adventitia media layer line of interference 
on the far wall in the longitudinal axis. The duration 
of study for each patient is around 10 minutes. For 
each participant, we recorded biophysical parame-
ters, CCA-IMT, PI, RI, and AUC. They were stored in 
excel sheets for further analysis. After the ultrasound 
and carotid artery Doppler scan was completed for 
all patients, they were sent for biochemical and hor-
monal testing in the teaching labs of the hospital.

Biochemical testing

Biochemical testing was done overnight fasting 
and included the following: low and high-density 

lipoprotein, serum cholesterol, fasting blood sugar, 
and sex hormone-binding globulin in serum.

Hormonal testing

Hormonal testing took place on day 2 or 3 of the 
menstrual cycle, including serum follicle-stimu-
lating hormone, luteinizing hormone, and fasting 
serum insulin. HOMA-IR (Homeostatic Model 
Assessment for Insulin Resistance) was calculated 
from serum insulin and fasting blood sugar.
HOMA-IR = (glucose mmol/L × insulin μU/mL)/22.5 
[18].
Enzyme-linked immunoassays (ELISA) were used 
to evaluate patients’ hormonal status. Biophysical 
testing of the carotid artery scan and Doppler in-
cluded measuring the carotid intima-media thick-
ness in millimetres IMT, PI, RI, and AUC. 

Method of AUC measurement

The explanation of how the area under the curve 
(AUC) was measured in this paper can be easily 
explained by giving an example. Below is a normal 
carotid artery Doppler sample that was taken in 

Figure 1.   Study flowchart.
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this study (Figure 2A,C). Notice that the different 
heights of the second wave in this photo, which 
is shown as blue vertical lines, are measured by 
the same ultra-sonographer taking this photo 
(Figure 2A). Those measurements averaged 8-10, 
depending on the wave width. The measured 
heights were stored in an excel table for further 
analysis by simple free software called GRAPH, 
downloadable from https://www.padowan.dk/
download [19]. 
Those measurements were fed to the Graph soft-
ware, which can measure the area under the curve 
with one click on the icon specified for this func-
tion. In addition, the software can also give a visual 
simulation of the wave in a standard JPG picture 
format which is shown in Figure 2A; as we can see 
from the result box shown in Figure 2B produced 
by GRAPH software, the AUC for wave 2 in Figure 
2A is = 60.5 unit2.

Sample size calculation

Sample size = (Z1-α/2)2 × SD2/d2

Z1-α/2 is standard normal variate = 1.96
SD = standard deviation of the variable. The value of 
SD can be taken from a previously done study [20].
d = absolute error or precision as determined by 
the researcher. In our study, we suspect the abso-
lute error is 0.05. 
Sample size = (1.96)2 × (0.3)2/(0.05)2 = (3.84 × 
0.09)/0.0025 = 138 patients. 
So, the sample size is 138 patients; our study in-
volved 140 patients. 

Statistical analysis

This study’s main variables were checked by Sha-
piro- Wilk test for normality. The mean and stan-
dard deviation was then calculated for each vari-
able. Then, all the main group data were classified 
into three subgroups according to the centile of the 
HOMA-IR; the first group included patients with 
HOMA-IR less than the 25th centile (n = 46). The 
second group had a HOMA-IR centile between the 
25th and 75th centile (n = 48). Finally, the third group 
included patients with HOMA-IR of more than 75th 
(n = 46). The statistical differences among the three 
subgroups were made by one-way ANOVA test. 
Then, a series of linear regression analyses with 
calculation coefficient of correlation r between 
AUC under carotid artery Doppler wave as the 
main dependent variable with all other insulin-re-

Figure 2.   (A) A standard carotid artery Doppler image is taken from the 
patient, note the two peaks that the wave has demarked with blue lines; (B) A 
simulation of one carotid wave Doppler image made by graph software after 
ten measurements were taken showing AUC = 60.5 unit2; (C) Plain standard 
carotid artery Doppler image.

https://www.padowan.dk/
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sistant parameters for hormonal and biochemical 
as independent variables with their associated 
P-values. A P-value less than 0.05 was considered 
significant. Med calc version 20 was used for statis-
tical analysis. Despite the software GRAPH being 
mainly used for AUC measurements, the results 
were further checked by Med calc and NCSS soft-
ware; they can measure the area under the curve 
for any given point.

RESULTS

For 140 confirmed PCOS women, we collected hor-
monal, biochemical, and biophysical profiles in the 
form of CCA-IMT, PI, RI, and AUC for the carotid 
artery. Table 1 shows the main characteristics of 
those profiles as mean and standard deviation of 
all variables taken in this study. To shed more light 
on the data shown in Table 1 with regard to insulin 
sensitivity, they were subdivided into three main 
subgroups according to the centile of HOMA-IR 
to elucidate the statistical difference among them. 
Those groups were women who were HOMA-IR 
centile below 25 in the first group (n = 46), and 
those with HOMA-IR centile between 25th-75th as 
the second group (n = 48). Finally, those women 
whose HOMA-IR centile lies above the 75th centile 
represented the third group (n = 46). Table 2 shows 

those women’s main biochemical, hormonal, and 
biophysical profiles and their associated statistical 
comparison by one-way ANOVA test. The post-hoc 
remarks analysis is explained below. It is interest-
ing to note in Table 2 that AUC is different among 

Table 1.  The main demographic criteria of the study variables.

Primary criteria (n = 140) Mean ± SD

Age (years) 24.61 ± 3.14

HDL (ng/dL) 27.18 ± 4.97

LDL (ng/dL) 164.93 ± 24.41

Serum cholesterol (ng/dL) 312.1 ± 37.31

SHBG (mole/L) 316.5 ± 39.17

FSH (IU/L) 5.45 ± 0.44

LH (IU/L) 12.17 ± 2.43

LH/FSH ratio 2.42 ± 1.74

Serum testosterone (ng/dL) 101.57 ± 11.22

Serum insulin (mIU/L) 35.34 ± 7.48

CCA intima-media thickness IMT (mm) 0.49 ± 0.08

CCA  resistance index RI 0.61 ± 0.04

CCA  pulsatility index PI 1.19 ±  0.12

CCA Doppler AUC 46.11 ± 12.14

HDL: high-density lipoprotein; LDL: low-density lipoprotein; SHBG: sex hormone 
binding globulin; FSH: follicular stimulating hormone; LH: luteinizing hormone; RI: 
resistance index; PI: pulsatility index; IMT: intima-media thickness.CCA: common 
carotid artery. 

Table 2.  The demographic criteria are shown subdivided into three groups based on the HOMA-IR centiles < 25th, 25th-75th, and above 75th centiles with asso-
ciated P-value by one-way ANOVA test.

Characteristics
HOMA-IR < 25th centile 

(n = 46)
HOMA-IR 25th-75th centile 

(n = 48)
HOMA-IR 75th centile 

(n = 46)
P-value

HDL mg/dL 33.26 ± 1.29 26.71 ± 1.60 21.61 ± 1.34 0.001*

LDL mg/dL 135.74 ±  7.93 166.71 ± 10.19 192.26 ± 4.7 < 0.001*

Serum cholesterol mg/dL 269.61 ± 12.45 310.58 ± 12.98 356.17 ± 10.68 < 0.001*

SHBG mole/L 362.30 ± 9.81 315.50 ± 15.68 271.74 ± 13.03 < 0.001*

FSH IU/L 5.30 ± 0.36 5.44 ± 0.43 5.619 ± 0.47 < 0.05**

LH  IU/L 9.43 ± 0.59 12.08 ± 1.10 15.0 ± 0.85 < 0.001*

LH/FSH ratio 1.14 ± 0.26 1.88 ± 0.19 4.25 ± 0.19 < 0.001*

Serum testosterone 89.35 ± 4.1 100.31 ± 4.02 115.11 ± 3.34 < 0.001*

Serum insulin mIU/L 27.69 ± 2.20 33.79 ± 2.824 44.61 ± 2.92 < 0.001*

CCA - RI 0.59 ± 0.04 0.61 ± 0.04 0.62 ± 0.03 0.040**

CCA - PI 1.18 ± 0.12 1.19 ± 0.13 1.20 ± 0.11 0.758

CCA-IMT mm 0.39 ± 0.03 0.49 ± 0.03 0.58 ± 0.02 < 0.001*

CCA- AUC 31.83 ±  3.90 46.54 ±  5.03 59.96 ±  2.57 < 0.001*

All data are presented as mean ± standerd deviation; *post-hoc among all the three groups, **only between group 1 versus 3; HDL: high-density lipoprotein; LDL: low-density lipoprotein; 
SHBG:sex hormone binding globulin; FSH: follicular stimulating hormone; LH: luteinizing hormone; RI: resistance index; PI: pulsatility index; IMT: intima-media thickness.
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Table 4.  Summary of RCTs findings.

Outcomes

Kjos et al. 1993
Study arms

Alberico et al. 2016
Study arms

Worda et al. 2017
Study arms

IOL
(n = 100)

EM
(n = 100)

IOL
(n = 214)

EM
(n = 211)

IOL 38 w
(n = 44)

IOL 40 w
(n = 47)

Caesarean section (%) 25 (25.0) 31 (31.0) 27 (12.6) 25 (11.8) 7 (15.9) 3 (6.4)

Operative vaginal delivery (%) NA NA 18 (8.4) 22 (10.4) NA NA

Postpartum haemorrhage (%) NA NA 13 (6.1) 11 (5.2) NA NA

ICU admission (%) NA NA 3 (1.4) 2 (0.9) NA NA

Mean GA at birth (wks) 39 ± 2 40 ± 2 NA NA NA NA

GA > 39 weeks (%) NA NA 47 (22.0) 157 (74.4)* NA NA

Birth-weight (g) 3446 ± 78 3672 ± 77 NA NA 3246 ± 458 3352 ± 492

Macrosomia/LGA (%) 10 (10) 23(23.0)* 13 (6.1) 24 (11.4)* 3 (6.8) 4 (8.5)

Apgar at 5th minute < 7 (%) NA NA 2 (0.94) 0 NA NA

Shoulder dystocia (%) 0/100 (0) 3 (3.0)* 3 (1.4) 1 (0.5) NA NA

Biochemical hypoglycaemia (%) 0 0 6 (3.0) 8 (4.1) 16 (36.4) 8 (17.0)*

Hyperbilirubinaemia (%) NA NA 20 (10.0) 8 (4.1)* NA NA

Respiratory distress (%) NA NA 3 (1.4) 2 (0.9) NA NA

NICU admission (%) NA NA 2 (0.9) 2 (0.9) 3/44 4/47

Perinatal death (%) 0 0 0 0 NA NA

*P-value < 0.05.

the three subgroups, while post hoc comparison also 
shows highly significant differences among each 
sub-group compared in pairs. While Figure 3 shows 
a highly significant linear correlation between HO-
MA-IR –  as an independent variable –  versus AUC 
in the carotid artery –  as the dependent variable –, 
with r equivalent to 0.99 and P-value < 0.001, Table 
3 compares the main biochemical, biophysical, and 
hormonal variables taken in this study to assess in-
sulin resistance –  as independent variables –  versus 
AUC in the carotid artery Doppler –  as the main de-
pendent variables. All correlations were statistically 
meaningful, p < 0.001, with a strong correlation co-
efficient. Both HDL and SHBG showed an inverse 
correlation in contrast to the rest parameters with 
positive correlations, highlighted in Table 3. 

DISCUSSION 

The current study examined the value of CCA-AUC 
as a marker of IR and tested its correlation to hor-
monal and biochemical biomarkers among PCOS 
women. As far as this study’s main finding, we find 
strong inverse correlations between CCA-AUC ver-
sus HDL and SHBG, p < 0.0001. These results agree 
with earlier researchers like Osibogun et al. and Ma-
cut et al. [21, 22].
Conversely, CCA-AUC correlated positively with 
[LDL, cholesterol, LH/FSH, serum insulin, CCA-
IMT, and HOMA-IR], p < 0.0001, which was in ac-
cordance with earlier studies [7, 23, 24].
The above correlation can be explained based on 
PCOS pathophysiology: affected women have a 
state of permanent hyperandrogenaemia mediated 

by an elevated luteinizing hormone from the pitu-
itary gland. LH affects both the ovarian stroma and 
the adrenal cortex to overproduce androstenedi-
one, which acts as an insulin sensitizer at the cell 
membrane level. Moreover, increased LH levels 
reduce sex hormone-binding globulin production 
from the liver, leading to high serum-free testos-
terone levels. Testosterone is well known to lower 
high-density lipoprotein and cause a significant in-
crease in low-density lipoprotein. Those lipid serum 
changes are associated with significantly increased 
serum cholesterol levels and lower serum HDL 
among PCOS women. The permanent rise of IR, 
manifested by high HOMA-IR, is associated with 
a wide range of complications. Indeed, PCOS pa-
tients had a two-fold greater risk of ischemic heart 
disease, cerebrovascular accident, and higher coro-
nary artery and aortic calcification incidence [4, 6, 
7]. The main finding of this study is the correlation 
of CCA-AUC with IR among PCOS women. IR is a 
key player in PCOS patients, and it promotes pre-
mature atherosclerosis in more than one way [25]. 
Insulin resistance increases lipolysis and promotes 
serum dyslipidaemia; the latter has an apoptosis ef-
fect on pancreatic islets. Eventually, IR will result in 
a vicious circle of glucose intolerance and a state of 
persistent hyperglycaemia.
Additionally, IR is associated with hypertension 
because it inhibits the insulin-specific endothelium 
pathway that generates nitric oxide, diminishing its 
relaxing impact on the blood vessels. Enhanced va-
soconstriction of the blood vessels speeds up blood 

Figure 3.   Regression line showing a highly significant cause-effect relation-
ship between HOMA-IR as an independent variable versus AUC in the carotid 
artery as the dependent variable.

Table 3.  A series of correlation coefficients between the common carotid 
artery- area under the curve (CCA-AUC) and various variables taken in this 
study with their associated P-values.

CCA-AUC versus 
variable

Correlation 
coefficient (r)

P-value

HDL -0.98 < 0.001*

LDL 0.99 < 0.001*

Serum cholesterol 0.99 < 0.001*

SHBG -0.99 < 0.001*

LH/FSH ratio 0.78 < 0.001*

Serum testosterone 0.98 < 0.001*

Serum insulin 0.97 < 0.001*

IMT 0.99 < 0.001*

HOMA-IR 0.99 < 0.001*

*Significant at 0.05; HDL: high-density lipoprotein; LDL: low-density lipoprotein; 
SHBG: sex hormone binding globulin; FSH: follicular stimulating hormone; LH: 
luteinizing hormone; RI: resistance index; PI: pulsatility index; IMT: intima-media 
thickness; CCA: common carotid artery; HOMA-IR: Homeostatic Model Assessment 
for Insulin Resistance.
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flow and increases arterial pressure. Lastly, per-
sistent hyperinsulinemia causes endothelial dam-
age, inflammation, and thickening of the artery wall 
(through IMT) and contributes to atherosclerosis [26-
28]. The other arterial flow parameters, RI and PI of 
the CCA, further support our results, which showed 
a trend of positive correlations with increased sever-
ity of insulin resistance, manifested by HOMA-IR. 
However, PI failed to have statistical significance in 
subgroup analysis, p = 0.76, while RI was statistical-
ly significant, p = 0.040. These results were consis-
tent with the findings of Lakhani [29, 30].
The effect of BMI on the increased IMT was dis-
cussed by Talbott et al. [31] who enrolled older 
PCOS cases, and Lakhani et al. [30], who recruited 
younger PCOS cases. They confirmed that increased 
IMT was independent of the BMI, disturbed lipid 
profile, and insulin levels. Their result signifies that 
PCOS is an independent risk factor for premature 
atherosclerosis. Even after adjusting for body mass 
index, the affected women had more CCA stiffness 
than the controls [30-32].
Another study found a strong positive correlation 
between hyperglycaemia, HOMA-IR vs PI, and RI 
in a group of diabetic patients they examined. They 
recommended using PI and RI as early IR progres-
sion markers among diabetic patients [6].
To this point, our study showed that the Doppler 
of the artery of one heartbeat waveform equals ex-
actly the amount of fluid or blood passed per one 
beat or unit time [33]. In other words, measuring 
the amount of blood passed per heartbeat is an indi-
rect measure of the insulin resistance or HOMA-IR 
found among women with PCOS, which forms the 
study’s novelty.

Study strength 

AUC was easily calculated with free software 
downloadable from the website. Measuring CCA-
IMT is non-invasive, feasible at all centres, and ac-
cepted by most patients [24]. At least it does not 
involve needle pricking. HOMA-IR calculation re-
quires measuring fasting insulin and fasting blood 
sugar and has reproducibility issues, in addition 
to the financial feasibility of Doppler compared to 
biochemical testing [34].

The future implications of CCA-AUC

The future implications of CCA-AUC can identify 
women at the highest risk for IR and cardiovascu-

lar-related comorbidities to benefit from therapeutic 
or preventive intervention [35-37].
The CCA-IMT may serve as a diagnostic and prog-
nostic marker in PCOS, by estimating the magni-
tude of IR and simultaneously assessing the use-
fulness of insulin sensitizer therapies in addition 
to lifestyle changes, that will help to reduce modi-
fiable risk factors. So CCA-IMT can be diagnosed, 
evaluated the risk, and used for follow-up and 
prognostic values.
Many acknowledge that IR and chronic hypergly-
caemia make PCOS women more prone to earlier 
signs of systemic atherosclerosis, which can have 
long-term effects on the vasculature [26]. Thus, in 
those at high risk, early vascular screening may be 
beneficial in reducing disease morbidity [38-40].

Study limitation 

The IR and chronic hyperglycaemia make PCOS 
women more prone to earlier signs of systemic ath-
erosclerosis, which can have long-term effects on 
the vasculature [26]. Thus, in those at high risk, ear-
ly vascular screening may be beneficial in reducing 
the disease morbidity [40, 43].
We recommend further studies, possibly by adding 
an aged-matched control group, so that observed 
CCA-IMT changes would be exclusively related to 
the PCOS pathological process to eliminate other 
clinical conditions where similar findings of CCA-
IMT are seen.

CONCLUSIONS

CCA-AUC was correlated with all the hormonal, 
biochemical, and biophysical changes seen among 
women with PCOS by a strong, statistically mean-
ingful correlation. It was linked with adverse gly-
caemic and cardiovascular risks independent of 
the body mass index. CCA-AUC simplicity and ac-
curacy make it a recommendable parameter in the 
follow-up panel of PCOS women for its diagnostic 
and prognostic values.
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