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ABSTRACT

Background: Polycystic ovary syndrome (PCOS) is the most prevalent endocrine and metabolic condition in women, it is a complex
syndrome characterized by hyperandrogenism, infertility, chronic oligo- or anovulation, menstrual irregularities, and polycystic
ovarian morphology on ultrasonographic imaging, as well as hirsutism, acne, and alopecia. PCOS patients are treated according to
their symptoms however, there are still several unanswered problems, particularly in relation to the ideal long-term management.
Obijective: In our research, we aim to identify the best markers for predicting IR in obese/overweight PCOS women. Material and
methods: 45 patients with PCOS and 42 healthy control have a body mass andix(BMI) of more than 25kg/m?, The consultant
gynecologist diagnosed according to Rotterdan criteria, each patient done an ultrasonogram, and an elbow vein was used to take
blood. Calculations were made for visceral adiposity index (VAI), lipid accumulation product (LAP), BMI, waist circumference
(WC) and homeostasis model assessment index of insulin resistance(HOMA-IR). Also, Hormone levels and metabolic indicators
were tested. Receiver-operating characteristic (ROC) curve was calculated. Results: Hormone levels in group PCOS patient have
significantly different in PCOS compared to the control group. The VAI (cut-off value: 2.5) and LAP (cut-off value: 47.1).
Conclusion: In obese/overweight PCOS, VAI and WC might predict IR more accurately than LAP. Importance of early detection

of serum IR in PCOS-affected women for avoiding complications.

Keywords: Polycystic ovarian syndrome (PCQOS), insulin resistance, lipid accumulation product (LAP), visceral adiposity index
(VAI).
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INTRODUCTION

Polycystic ovary syndrome is the most common endocrine in premenopausal women [1], it is a complex syndrome characterized
by hyperandrogenism, insulin resistance, menstrual irregularities, chronic oligo-or anovulation, and polycystic ovarian
morphology [2],as well as hirsutism, acne, and alopecia [3]. The pathophysiology is still vague [4], but it is clear that predisposing
factors of familiar genes interact with environmental stimuli. It is associated with a risk of cardiovascular disease [5],
neuropsychological disorders [6], hypertension [7] and metabolic complications often related to obesity [8], such as insulin
resistance and type 2 diabetes mellitus [9], also an increased risk of pregnancy-associated complications such as gestational diabetes
mellitus [10], preterm birth, preeclampsia, and increased offspring birth weight [11]. Dyslipidemia observed in women with PCOS
which total cholesterol, and triglycerides are high but high-density lipoprotein is low [12].

Obesity has a marked impact on the metabolic complications of PCOS [13]. According to Shi's study, obese individuals with
PCOS have more glucose and lipid metabolism abnormalities than PCOS patients with a normal BMI. While hyperinsulinemia
affected PCOS patients with normal BMI as well as obesity [14]. Obesity in the center of the abdomen is defined as fat that is present
between the abdominal organs [15]. Visceral obesity causes increased adipocytokine production, increased inflammatory activity,
and insulin sensitivity. Visceral obesity causes IR and, through IR, encourages the growth of hyperandrogenaemia [16] [17].For the

prediction of IR in obese women with PCOS patients by calculation of VAI and LAP.

MATERIALS AND METHODS

The case-control study included 87 women with ages ranging between 18 — 40 years that has a mean age of 26.1 + 4.7 SD collected
in Kerbala teaching hospital for obstetrics and gynecology, from Nov 2022 to Aug. 2023. The individuals in the control group had

normoandrogenic, regular menstrual cycles without hirsutism and ultrasounds showed morphologically normal ovaries.

The presence of at least two of the following three criteria led to the diagnosis of PCOS according to the 2003 Rotterdam
ESHRE/ASRM PCOS Consensus Workshop Group criteria: Oligo/anovulation, biochemical or clinical hyperandrogenism, and
ultrasound-detected polycystic ovaries (more than 12 follicles with a diameter of two to nine millimeters ) [18], hormonal and
biochemical tests, BMI and waist circumference measurement had been done. The researcher designed a questionnaire that was
used to interview participants. Exclusion criteria included: Thyroid dysfunction, kidney or liver failure, Cushing syndrome,
androgen-secreting tumors, hyperprolactinemia, non-classical congenital adrenal hyperplasia (NCAH), hypertension, diabetes

mellitus, and any contraception or anti-androgen medication
STUDY PROTOCOL

The participant's height, weight, and waist circumference ere measured, the second to fourth days of the menstrual period were used
to collect fasting blood from the elbow veins. Clinical hyperandrogenism-hirsutism was described by a Ferriman-Gallwey score of

more than four [19]. The definition of oligo/amenorrhea was a menstrual cycle delay of more than 35 days to six months [20].

MEASUREMENTS

154



Kerbala Journal of Pharmaceutical Sciences LV aall a glall ¢34 S dlaa

The chemiluminescent automated immunoassay system (Cobas e 411, Roche Diagnostic, Germany) was used to measure the levels
of luteinizing hormone (LH), follicle-stimulating hormone (FSH), and prolactin hormone. The measurement of free testosterone
hormone (FT) concentration (ng/mL) by Enzyme-based Competitive Immunoassay. Total cholesterol, Triglyceride, LDL, and HDL
were measured by Autoanalyzer Biochemistry (smart-120). Enzyme-linked immunosorbent assay based on the sandwich principle
was used for the fasting insulin assay method. The colorimetric method for using the Glucose kit was used to assess the serum

glucose.
CALCULATIONS

Body mass index is calculated by taking a weight, in kilograms, divided by their height, in meters squared as follows: BMI=
weight(kg) / height(m)2[21] .

Homeostatic Model Assessment for Insulin Resistance( HOMA-IR) = Fasting glucose (mg/dl) x Fasting insulin (uU/mI)/405 [22].
Define a routinely applicable index, based on Waist circumference (WC), body mass index (BMI), triglycerides (TG), and high

density lipoprotein HDL, that is capable of estimating visceral adiposity as follows:
VAI (Female)= [WC/(39.68 + 1.88 - BMI)] - (TG/0.81) -(1.52/HDL-C) [25].

The current era of increasing obesity, we should attempt to specifically define and measure fat accumulation in those contexts where

accumulation may present a physiological risk. These contexts can be described as excessive fat accumulation
LAP (Female) = (JWC (cm) -58] - TG) [23].
STATISTICAL ANALYSIS

All participant answers to the questionnaire were entered into a data sheet. The participant's data was analyzed to descriptive
statistics. Values for categorical data were represented by n (%). A result was considered statistically significant if its p-value (two-
sided) was less than 0.05. The Shapiro-Wilk test was used to evaluate the distribution of the data in terms of normality. The Student's
t-test was used to compare normally distributed data, whereas the Mann-Whitney U test was used for comparing nonparametric
data. A correlation between two variables was tested by using Spearman's correlation analysis for non-normal distribution and

Pearson's correlation analysis for normal distribution.
RESULTS

The study included 86 women, A 42 healthy women, and 45 patient's women. Whose ages ranged between 18 and 40 years old. The

demographic and the assessment of anthropometric measurements were given in table.

Table 1. Demographic characteristics of study participants.

Feature PCOS Control p-value
Meanz SD Meanz SD
Age (years) 258 £ 5.0 26.5+ 4.4 0.079
(S)
BMI(kg/m2)  32.1+4.72 30.1+ 2.7 0.9
(NS)
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WHR 0.83£0.05 0.81 £ 0.06 0.5
(NS)
hirsutism 38(62.3%) 0% 0.001
(S)
Acne 41(67.9%) 0% 0.001
(S)
Alopecia 52(85%) 0% 0.00
(S)
Oligo 46(75.4%) 0% 0.001
menorrhea (S)
Smoking Active 4 (6.6%) | Active (0%)
Nonsmoking
(93.4%) Nonsmoking 0.05
(100%) (S)

Married Married (73.8%) Married (60%)
Single(26.2%) Single(40%) 0.7
(NS)

Note: values are shown as mean £ SD. BMI :body mass index ; WHR : waist-to-hips ratio ; BAl: Beck

anxiety inventory; S: Significant ;NS: Nonsignificant.

The results shown in table 2 the level of LH was high significant in group PCOS in comparison to control (p-
value = 0.001)

The mean levels of blood sugar PCOS women had higher mean values in comparison with healthy control .
Insulin level and HOMA-IR were significantly higher (P< 0.001) in both group PCOS in comparison to
control. LDL, HDL and TG in PCOS in comparison to control significantly (P<0.001) but total cholesterol
was not significant. The LAP and VAI were higher in the PCOS group

Table 2. Biochemical and anthropometric indexes characteristics of the studied groups.

Parameters PCOS Control P-
values

LH U/l 10.9+5.2 | 4.2+0.6 0.001S

FSH 1U/l 5.4+1.4 8.1+1.05 | 0.15
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LH/FSH 2.2+0.9 0.6+0.1 0.001
PRL ng/mL 16.2+6.3 | 11.9+3.6 | 0.001
Free.T pg/ mL | 2.9+01.5 | 1.2+0.36 | 0.001
T.C mg/dl 166+25 161+21 0.166
HDL mg/dl 55.6+6.2 | 76.7+12.4 | 0.001
LDL mg/dl 97.4+29 75.6+£15 | 0.001

TG mg/dl 110+42 93+24 0.004
FI pU/ml 15.1+45 |6.2+0.81 | 0.001
FG mg/dl 93.5+9.8 | 87.5+55 | 0.001
HOMA-IR 3.5+1.19 | 1.4+0.22 | 0.001
wC 85.8+13.4 | 78.2+9.7 | 0.002
VAI 3.1+1.19 | 2.1+0.49 | 0.001
LAP 59+23.6 50+11.5 | 0.05

Note:BMI: body mass index; LH: luteinizing hormone; FSH: follicle-stimulating hormone; PRL: prolactin; Free.T; free
testosterone:CHO: total cholesterol; HDL :high-density lipoprotein cholesterol; LDL: low- density lipoprotein cholesterol;
TG: triglyceride; VAI: visceral adiposity index; LAP: lipid accumulation product; FG: fasting glucose; Fl: fasting insulin:
HOMA-IR: homeostasis model assessment index of insulin resistance;WC: waist circumference

Figure 1 shows the receiver operator characteristic curves (ROC) curves for VAI and LAP as predictors for IR. PCOS has AUC
value which was for LAP (0.589) and sensitivity (54%) and specificity (50%). And has VAI with AUC value 0f(0.836) ,sensitivity
(74%) and specificity (84%) ,while WC sensitivity (66%) and specificity (60%) respectively as shown in tables 3. VAI is the best
predictors of IR in overweight or obese patients.
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Figurel: ROC curves for PCOS patients. (b) ROC curves for PCOS patients.WC: waist circumference;VAI: visceral

adiposity index; LAP: lipid accumulation product.

Table 3: Receiver operating curve analysis of anthropometric indexes and HOMA-IR for PCOS2

Variables AUC P-value | Cut-off | SS% SP% (95% CI)
values
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LAP 0.589 0.126 47.1 54% 50% 0.479 - 0.698
VAI 0.836 0.001 2.5 74% 84% 0.761 - 0.911
wC 0.668 0.004 78.1 66% 60% 0.563 - 0.773

AUC: area under curve; CI: confidence interval; LAP: lipid accumulation product; VAI: visceral adiposity index; SS:

sensitivity; SP: specificity; WC: waist circumference.

DISCUSSION

Polycystic ovarian syndrome clinical characteristics include hormonal and reproductive problems. Anovulation-related infertility
and irregular menstruation are symptoms, and increased androgen , causing hirsutism, IR, and menstrual disorders.Obesity,
particularly visceral obesity, affects metabolic status causing ovulation dysfunction,IR and hyperandrogenaemia [24] . Insulin
resistance (IR) is one important characteristic of PCOS and be an independent risk factor for diabetes mellitus and Cardiovascular
diseases [25], and because insulin increases gonadotropin, also increases the production of ovarian steroids and pituitary LH, it can
cause hyperandrogenemia. [26] [27].Patients with PCOS must detect IR early and treatment [28].Which BMI, WHR, WC, and
WHTtR are examples of traditional measures that are connected to IR [29].The LAP and VAI are precise in identifying visceral
obesity. Additionally, research suggests they may serve as accurate indicators of IR [30] [31]. The VAI was one of the more accurate
measures of adiposity and dysfunction of adipose tissue because it includes BMI, TG, HDL-C, and WC. In our study, the LAP and
the VAI high significant difference between PCOS2 and control, (cut-off value:47.1;2.51, AUC:0.589;0.836) respectively, and
sensitivity of LAP and VAI to predictors IR in overweight and obese individuals was 54% and 74% respectively, this agreement
with the study by Wang, et al in 2023 [32], VAI and WC are better than LAP in predicting IR.

According to the study's findings, PCOS women and the healthy control group had significantly different levels of LH, prolactin,
and Free T. FSH levels between the PCOS group and the healthy control group did not differ significantly. Therefore, our results
are in agreement with the study by Naina Kumar et al [33]. The prolactin level of women with PCOS has been studied for years,
but no precise conclusive results have been found. Despite some studies indicated into a slight elevation [34]. This agreement with

our result study.

In our study, Patients with a BMI of more than 25 kg/m2 have a connection to high insulin resistance. Insulin stimulation, both
glycogenolysis and lipolysis are inhibited and increase esterified acids. However, insulin resistance enhances hepatic glycogenolysis
and incorrectly accelerates up adipose tissue lipolysis, which upregulates hepatic de novo lipogenesis and leads to the development
of PCOS [35]. In women with polycystic ovary syndrome, dyslipidemia is a prevalent metabolic disorder. Our results the significant

difference in HDL, LDL, and TG in PCOS compared to the control and no significant differences

in total cholesterol, An abnormal situation of lipoproteins is common in women with polycystic ovary syndrome, and these disorders
include: increased levels of total cholesterol, triglycerides, LDL , decreased levels of HDL , and apoprotein. this is consistent with

the results of our study [36].

CONCLUSION
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In obese/overweight PCOS patients, VAI and WC might predict IR more accurately than LAP. Importance of early detection of

insulin resistance in PCOS-affected women for avoiding complications.
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