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Summary  

"Polycystic Ovarian Syndrome (PCOS) is one of the most 

prevalent metabolic and reproductive illnesses, Menstrual irregularities 

and androgen excess are two symptoms that PCOS-affected women 

experience, and these symptoms have a substantial negative influence on 

their quality of life. They may have a higher chance of developing a 

number of morbidities, such as obesity, type II diabetes, cardiovascular 

disease (CVD), infertility, cancer, mental health issues and insulin 

resistance. Insulin resistance (IR) is a failure in insulin-mediated control 

of glucose metabolism in tissues.It is the most common form of PCOS, 

and it causes the ovaries to generate more androgen, which causes oligo-

ovulation or anovulatory." 

"This study was designed to evaluate the levels of some 

inflammatory factors in polycystic ovary syndrome and insulin resistance 

patients. The study included 80 women between the ages of 16-40 years, 

divided into 40 patients with polycystic ovaries and insulin resistance, 

and 40 women as a healthy control group. Each sample measuredthe 

following parameters LDL, HDL, Triglyceride and Cholesterol using the 

BS-430 device from Mindray company, while high sensitivity C-reactive 

protein was measured using BS-200 from Mindray company and human 

interleukin-6 was measured using MAGLUMI 800 from Snibe company. 

The results of the statistical analysis found that there was a significant 

difference in Low Density Lipoprotein(LDL), High Density 

Lipoprotein(HDL), Triglyceride, Cholesterol, High sensitivity C-reactive 

protein, Human Interleukin-6 in patients women compared to the control 

group, As LDL, Triglycerides, Cholesterol, High-sensitivity C-reactive 
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protein, and Human interleukin-6 increased, HDL decreased in the 

patients group. A positive correlation was found between triglycerides 

and each of High-sensitivity C-reactive protein, Human interleukin, and 

insulin resistance. In addition as a negative correlation  was found 

betweenHDL and Human interleukin-6, and a positive correlation 

between each of High-sensitivity C-reactive protein and Human 

Interleukin-6, also it showed that female patients over 30 years of age 

have anincreased levels of LDL, Cholesterol, High-sensitivity C-reactive 

protein, and Human interleukin-6 compared to female patients under 30 

years of age,while there is no significant value in a Triglycerides, HDL 

and insulin resistance in relation to the patients' age.The results also 

showed a significant relationship in the body mass index, exist in the two 

study groups. Obesity was more prominent in the patients group. The 

effect of blood pressurecompared between the two groups. The was no 

significant relationship shown between Interleukin-6, High Sensitivity C-

Reactive Protein, Insulin resistance, and disease duration." 
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1. Introduction 

 
 Interest in polycystic ovaries (PCO) and its related syndrome (PCOS) 

has changed from a "gynaecological curiosity to a multisystem 

endocrinopathy" since Stein and Leventhal's first observation in 1935. Given 

that it accounts for the majority of cases of hirsutism, menstrual 

irregularities, and anovulatory infertility in women, it is most likely the most 

prevalent endocrine condition. It is also one of the least understood 

endocrinological disorders, with a complicated pathophysiology that has 

sparked a great deal of scholarly discussion[1].Today, it is understood that 

polycystic ovarian syndrome (PCOS) is characterized by insulin resistance 

(hyperinsulinemia). Its significance in the pathophysiology of PCOS has just 

lately been realized. Understanding the function of insulin resistance in 

PCOS has allowed for the successful use of insulin sensitizing medications 

in the treatment of this condition. Both obese and lean women with PCOS 

appear to have some degree of insulin resistance[2]. 

About 65–80% of people with PCOS also have obesity and insulin 

resistance (IR) [3], and it is well established that the disease's 

hyperinsulinemia, hyperandrogenism, and obesity all reinforce one another. 

However, PCOS is also characterized by a state of chronic inflammation [4], 

which is partly brought on by an excess of visceral adipose tissue and the 

pro-inflammatory pathways it possesses. However, normal-weight PCOS 

patients also experience chronic low-level inflammation [5], according to 

known evidence, increased levels of C-reactive protein (CRP) and 

Interlukin-6 (IL-6) have been linked with patients of PCOS[6]. 
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1.2Literature Review 
 

1.2.1(Polycystic Ovary Syndrome) 

 
The most prevalent endocrine condition in women, polycystic ovary 

syndrome (PCOS), has a wide range of clinical and biochemical 

characteristics. One in fifteen women worldwide are afflicted by PCOS, a 

diverse and complex female endocrine condition. About 5% to 10% of 

women between the ages of 12 and 45 who are fertile experience symptoms 

of PCOS. One of the most frequent symptoms may be an irregular menstrual 

cycle [7]. 

The root causes of PCOS are intricate and multifaceted. They could be 

environmental or genetic. In addition to insulin resistance brought on by the 

buildup of adipose tissue, lipid toxicity, and oxidative stress, this leads to 

hormonal abnormalities that encourage hyperandrogenism from the ovaries 

and adrenal glands [8], Symptoms of polycystic ovaries include irregularity 

Menstrual cycle, hirsutism, acne, alopecia, dermatitis and its thickness, 

insomnia or sleep disturbance [9],Also increases Luteinizing hormone (LH)/ 

Follicle-stimulating hormone (FSH) ratio and androgen (male hormone) 

levels [10]. 

The most frequent cause of unovulation in infertile women is 

polycystic ovarian syndrome (PCOS), which accounts for 70% of infertility 

problems in women who have trouble ovulating [11]. It is a collection of tiny, 

fluid-filled sacs the size of pearls that surround immature eggs in the ovary. 

This condition causes the ovaries to enlarge due to the growth and 

enlargement of the follicles [12], as shown in figure (1.1).
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Figure 1.1 Schemethe uterus and ovaries, women  reproductive 

system [13] 

1.2.1.1 The Causesof thepolycystic ovary syndrome 

According to the diagnostic criteria, PCOS affects 8% to 20% of 

women worldwide who are of reproductive age each year [14].The 

pathophysiology of this disease is affected by modifications in 

steroidogenesis, neuroendocrine function, ovarian folliculogenesis, 

metabolism, adipose cell activity, insulin production, inflammatory 

factors,insulin sensitivityand sympathetic nerve function [15]. High 

carbohydrate intake, hyperandrogenemia,hyperinsulinemia and ongoing low-

grade inflammation are seen by Barre et al. as the four main causes of 

pathophysiological changes in PCOS [16], In Figure (1.2).
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Figure 1.2 Potential pathogenic factors of PCOS[17] 

Hyperandrogenemia, which shows up clinically as hirsutism, acne, 

and alopecia, is the biochemical hallmark of PCOS. 75–90% of PCOS 

individuals with oligomenorrhea have high levels of androgens, and these 

levels usually rise as the phenotypic becomes more severe. 

Hyperandrogenism is a result of excessive androgen production by the 

adrenals and ovaries [18]. Hyperandrogenismis indicated by elevated levels of 

free (unbound) testosterone, a key hormone involved in the pathophysiology 

of PCOS. The overproduction of androgens is caused by abnormal ovarian 

or adrenal function. Excess androgens' initial impact on normal androgen 

production in PCOS is poor folliculogenesis. At the early gonadotropin 

stage, excess androgens encourage the growth of primordial follicles and a 

rise in antral follicles [19]. 



Chapter one                                Introduction and Literature Review 

5 
 

The primary hormone in charge of maintaining glucose homeostasis 

and lipogenesis is insulin. "In addition to having an effect on the metabolism 

of carbohydrate,  " lipids, and proteins,In addition, insulin has a mitogenic 

effect. Insulin acts through insulin receptors, which are present in many 

tissues in the HPO axis. Insulin promotes steroidogenesis by potentiating the 

appropriate trophic hormones in steroidogenic organs, such as the ovary and 

adrenal cortex [14]. 

Hyperinsulinemia is the main factor for increased androgen 

production since insulin directly imitates the effect of LH and indirectly 

increases GnRH. Insulin reduces"Sex hormone binding globulin"(SHBG), a 

vital circulatory protein that controls testosterone levels. Because free 

androgens are what produce the clinical signs of PCOS, such as hirsutism, 

alopecia, and acne, larger levels of free androgens would result from lower 

SHBG levels [19]. Numerous studies have demonstrated that decreasing 

insulin resistance will eventually lead to a decrease in androgens and an 

improvement in the illness state[20, 21]. 

PCOS is exacerbated by environmental factors [22].Numerous studies 

have demonstrated the negative effects of environmental pollutants on 

human health and reproduction, including heavy metals, pesticides, and 

endocrine-disrupting chemicals (EDCs). In fact, there is growing evidence 

that environmental toxins play a role in PCOS development. 

Serum"BisphenolA(BPA) levels in hyperandrogenic women with 

PCOS"were higher than those in non-hyperandrogenic women with PCOS 

and healthy controls, according to research by Takeuchi and Kandaraki et 

al.[23, 24]. BPA, also known as bisphenol A (2,2-Bis propane), is a synthetic 

chemical that is used in many everyday products, including food packaging, 
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baby bottles, medical gadgets, and personal care items. It is found in 

polycarbonate plastics, epoxy resins, and dental sealants[25]. "Increases in 

blood BPA levels were found to be favorably correlated with serum 

Testosterone levels in PCOS women as opposed to healthy women in a 

different investigation"[26]. 

It has been demonstrated that certain genes, gene-gene interactions, or 

interactions between genes and the environment may alter a person's 

predisposition to develop PCOS [27]. PCOS is a polygenic and 

multidimensional illness. There are multiple probable genes having single-

nucleotide polymorphisms or mutations that have been linked to a variety of 

PCOS symptoms, according to several genetic research. All genes and 

mutations that affect the ovaries either directly or indirectly are associated 

with PCOS [28]."Genes that encode signaling components for 

steroidogenesis, steroid hormone action, gonadotrophin action and 

regulation, insulin action and secretion, energy metabolism, and chronic 

inflammation are frequently implicated in the pathogenesis of PCOS"[28, 29]. 

1.2.1.2 Symptoms and Diagnosis of Polycystic ovary syndrome 

Signs and symptoms of PCOS can vary somewhat and include:- 

1- Hormonal issues (Menstrual irregularities,Endometrial cancer"ovulation 

failure,Infertility, and latemenopause)".  

2-"Metabolic issues (High blood pressure,Type 2 diabetes,Insulin resistance, 

and cardiovascular disease)." 

3-"Physical issues (Acne, Central obesity,Hair loss and baldness)." 

4-"Psychological problems (Depression, anxiety , and stress)." 
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The two basic criteria for identifying this disease are clinical or 

laboratory hyperandrogenism and hypomenorrhea. One or two clinical 

symptoms are what most PCOS-afflicted women suffer. Menstrual 

disturbances are the most prevalent clinical finding, they typically start 

during or immediately after menstruation and might manifest as 

hypomenorrhea, amenorrhea, or polymenorrhea until menstruation returns to 

normal [30].Adults with PCOS can be diagnosed using one of three different 

criteria, which are listed in Figure (1.3) :  

 

 

 

Figure 1.3 Guidelines for the diagnosis of PCOS [31] 
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1.2.1.3 PCOS subtypes 

Based on a number of variables, there are four forms of PCOS -:  

 

1-"Metabolic syndrome or pre-diabetes are additional names for insulin 

resistance.  An increased level of the hormone insulin is what is meant by 

the term. Measuring insulin is one of the preferred techniques for 

determining insulin resistance.Approximately 65 to 70%" of women with 

polycystic ovarian syndrome have insulin resistance and compensatory 

hyperinsulinemia"[21, 32]." 

 

2-"Adrenal PCOS is a subtype ofpolycystic ovarian syndromethat affects the 

adrenal glands: adrenal hyperandrogenism in PCOS may be caused by non-

classical adrenal hyperplasia, tumors that produce androgen in the adrenal 

glands, Cushing's syndrome, or heredity of androgen secretion in the adrenal 

glands [33].The adrenal cortex produces one-fourth of all circulating 

testosterone.  Excessive levels of adrenal androgen in polycystic ovarian 

syndrome could be a sign of adrenocortical abnormalities, hypothalamic-

pituitary dysfunction, or abnormal cortisol metabolism in the liver"[34]. 

 

3-"Patients with polycystic ovarian syndrome who have thyroid dysfunction: 

Figure (1.4) illustrates how elevated thyroid stimulating hormone (TSH) and 

prolactin are caused by elevated (TRH) hormone in primary 

hypothyroidism.Increased prolactin, increased TSH, and increased 

dehydroepiandrosterone from the adrenal gland all contribute to polycystic 

ovarian morphology by preventing ovulation as a result of the altered 

balance between follicle stimulating hormone (FSH) and luteinizing 

hormone (LH), as well as the increase in dehydroepiandrosterone. Increased 
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collagen deposition in the ovaries has also been connected to 

hypothyroidism"[35]. 

 

Figure  1.4"Path physiology of Primary Hypothyroidism in 

PCOSpatients"[36] 

 

4-"Inflammatory PCOS: Chronic inflammation brought on by chlamydial 

infections can result in disease processes that cause metabolic and hormonal 

issues, leading to polycystic ovarian syndrome[37]. Many markers, such as C-

reactive protein, white blood count, interleukin-18, and increased oxidative 

stress, are elevated in this type of PCOS"[38-40]. 
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1.2.2 "Insulin resistance" 

"Insulin resistance, which is defined as a failure in insulin-mediated 

control of glucose metabolism in tissues, is one of the first signs of a number 

of illnesses that affect people, and it is linked to a variety of metabolic 

abnormalities, which basically means that the body's cells do not react to the 

insulin hormone, reduced sensitivity of cells to insulin signaling, and failure 

to take up glucose. The body retains glucose because it is not utilised for 

energy production, which causes weight gain [41]. In this situation, type 2 

diabetes may or may not occur in patients with insulin resistance. diabetes 

likely has enough insulin, the cells it should act on are not typically sensitive 

to its effects." 

"Complications of insulin resistance include (IR) include metabolic 

syndrome, diabetes, impaired glucose tolerance, hypertension,obesity, 

inflammation, heart disease, and dyslipidemias. Population study indicates 

that IR is complicated and has heritable elements, such as anomalies in the 

insulin-signaling pathway (such asdecreased signaling activation or serine 

phosphorylation on insulin substrate).IR is associated with fat storage, 

oxidant overproduction, and abnormalities of the mitochondria [42]. Despite 

the fact that the precise underlying cause of IR is still not entirely 

understood, a number of significant explanations have been put forth, 

including oxidative stress, inflammation, insulin receptor mutations, 

endoplasmic reticulum stress ,and  mitochondrial malfunction [43]. Figure 

(1.5) summarises the main components of IR." 
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Figure 1.5 Components and consequences of IR[44] 

 

"It is difficult to evaluate insulin resistance. The physiological factors 

that contribute to the assessment of insulin resistance vary depending on 

whether a person is fasting, eating, resting, or exercising. Glucose 

metabolism is quick and depends on body composition and dietary 

patterns[45, 46]." 

"According to the HOMA-IR hypothesis, there is a feedback loop 

between pancreatic insulin secretion and hepatic glucose release during a 

fast [47], Serum glucose and insulin levels can be used as a straightforward 

indicator of insulin resistance. Utilizing HOMA-IR is common in 

epidemiological studies. In its simplest form, it can be calculated as the 

result of fasting plasma glucose and insulin levels divided by a fixed 

amount[48]." 
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1.2.2.2 Insulin resistance in the PCOS 

"Insulin resistance is the most common form of PCOS, and it causes 

the ovaries to generate more androgen, which causes oligo-ovulation 

(abnormal ovulation) or anovulatory (the absence of ovulation) [49]. 

Depending on the insulin sensitivity index being utilized, the detection rate 

of insulin resistance varies [50], Type 2 diabetes and the accumulation of 

abdominal fat are both influenced by high androgen levels[49, 51, 52]." 

 

"Insulin resistance and the body relative to levels of LH and FSH are 

the main PCOS patient problems [49]. People with PCOS have more 

adipocytes, less lipoprotein lipase activity, and less lipolysis [53]." 

 

"Additionally, the two main hormones were pituitary hormones that 

control fundamental changes in the body for reproduction, luteinizing 

hormone (LH) and follicle stimulating hormone (FSH).In most cases, FSH 

and LH are higher during the start of the menstrual cycle.This happens in 

PCOS because the hypothalamic release of gonadotropin-releasing hormone 

(GnRH) can occasionally be aberrant, where there is initially an increase in 

LH rather than FSH secretion. Increased LH causes an overflow of androgen 

substrates to be released, which raises testosterone levels, which are linked 

to thick body and facial hair [49]." 

 

"Through changing one's lifestyle, the ecological factors that 

contribute to PCOS are impacted. Increased body weight, eating more 

saturated fat, having metabolic and reproductive issues, etc. Weight loss has 

been observed to decrease hyperandrogenism and hirsutism, restore 
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ovulation, and lessen metabolic and ovulatory dysfunction associated with 

PCOS [54]." 

"Several genes that regulate insulin action and androgen production 

have been connected to PCOS.A woman's odds of developing PCOS are 

typically approximately 30% to 50% due to genetic and inheritance factors, 

which demonstrate a strong familial association [49]. " 

Seen in Figure (1.6), excessive androgens stimulate visceral adipose 

tissue (VAT) to create FFAs, which heightens insulin resistance. By directly 

impacting ovarian cells and indirectly by preventing the hepatic generation 

of SHBG and insulin-like growth factor binding protein-1 (IGFBP-1), these 

occurrences act in tandem to keep PCOS at bay [55]. 
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Figure 1.6 "The Vicious Cycle between Hyperinsulinemia and 

Hyperandrogenemia in PCOS development"[55] 

 

"Women with PCOS are more likely to have lipid problems. The risk 

of cardiovascular disease is increased by a number of lipid abnormalities that 

are present in PCOS, including lower levels of high density lipoprotein and 

higher levels of triglycerides, total cholesterol, and low-density lipoprotein 

cholesterol (LDL-C). A recent study indicated that consuming a high-fat diet 

stimulated metabolic and ovarian conversion in those with PCOS, which had 

an impact on the hormonal profile [56]." 

"Infertility in PCOS is associated with dyslipidemia because of 

ovarian abnormalities, an increase in polycystic follicles, and an increase in 

follicular layer thickness. Up to 70% of people with PCOS have 
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dyslipidemia. There was a higher percentage of IR diagnoses among obese 

women than among women with a normal BMI, pointing to a link between 

IR and dyslipidemia [56, 57]." 

" For overweight/obese women with PCOS, an aerobic exercise 

training intervention enhanced cardiorespiratory fitness and cardio metabolic 

health [58]. Therefore, chronic inflammation may be another component of 

the hyper-inflammation associated with PCOS, as has also been proposed for 

diabetes [59]." 

 

1.2.3 Lipids and Lipoproteins 

1.2.3.1 Lipids 

There is no universally accepted definition of lipids due to the wide 

variety of substances that fall under this category. Rather than chemical 

characteristics, hydrophobicity is the primary requirement for inclusion in 

this category, Lipids are typically referred to be organic substances with 

bound fatty acids and molecules with more than three carbon atoms [60]. 

Triacylglycerol (triglycerides) make up 16% of plasma lipids, phospholipids 

30%, cholesterol 14%, cholesterol esters 36%, and a significantly lower 

portion of free fatty acids (4%), which are long-chain fatty acids that have 

not been esterified[61]. 
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Figure 1.7 The classification of clinically important lipids [62] 

1.2.3.1.1 Cholesterol 

"Almost every cell in the human body contains the biomolecule 

cholesterol. In the body, cholesterol has both positive and negative roles [63, 

64], has a molecular formul (C27H46O) [65],a Four hydrocarbon rings, a 

hydrocarbon tail, and a hydroxyl group make up the amphipathic sterol 

molecule that is cholesterol [66],As shown in the Figure (1.7). Cholesterol 

plays a variety of crucial physiological activities, including those of being a 

necessary part of all cell membranes, the building block of steroid hormones, 

the precursor bile acids, and a signaling molecule in the central nervous 

system[67]." 

Only a minor portion of the cholesterol in our bodies is obtained from 

external, food sources; the majority is produced internally by the liver[68]. 
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Figuer 1.8 Chemical Structure of Cholesterol[65] 

"The quantity of cholesterol in cells and the rate of small intestine 

absorption have a significant impact on the liver's rate of cholesterol 

production. Sterol regulatory element-binding protein-2 (SREBP-2) controls 

this  The subsequent rate-limiting step in the production of cholesterol is the 

creation of mevalonate, which is catalyzed by 3-hydroxy-3-methylglutaryl 

coenzyme A reductase (HMGCR).  In the small intestine, dietary cholesterol 

and triglycerides are absorbed and turned into chylomicrons.  Chylomicrons 

are broken down by lipoprotein lipase (LPL) in the plasma to produce fatty 

acids and chylomicron residues that are absorbed by the liver. such as 

VLDL, produces the nascent HDL.When the amount of free cholesterol in 

the hepatocytes decreases due to the import of lipoproteins or increases due 

to the conversion to bile acids, the cholesterol synthesis enzyme, HMGCR, 

is "sensed" by SREBP-2, which then activates it. The production of LDL 

receptors (LDLR) is also activated by SREBP-2, which speeds up the 

absorption of cholesterol from LDL and then encourages the storage of 

cholesterol in the liver [69], As shown in Figuer (1.8)." 
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Figuer 1.9"Cholesterol homeostasis in the body"[69] 

 

1.2.3.1.2 Triglycerides 

A glycerol esterified to three fatty acid chains forms the basis of the 

non-polar lipid molecule known as a triglyceride,As shown in the 

Figuer(1.9). The characteristics of these lipid molecules fatty acids can be 

used to further describe them. Triglycerides can be classed as saturated (no 

C=C) or unsaturated (one or more C=C) depending on how many double-

bonded carbon (C=C) molecules they contain. Triglycerides can also be 

further divided based on where the C=C molecules are located along the 

fatty acid chain. In adipose tissue, triglycerides are a very significant source 

of energy; when they are metabolized, their fatty acid chains are released 

through hydrolysis and go through fatty acid oxidation where they are 

transformed into acetyl coenzyme A (acetyl- CoA) for use in the Krebs cycle 
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and mevalonate pathway. Triglycerides are mostly obtained from 

exogenous, dietary sources [68]. 

 

 

 

Figuer 1.10 Formation of triglyceride [70] 

 

"Triacylglycerides (TG), a kind of fat that is primarily stored in 

adipose tissue, are also found in the liver and skeletal muscle. The metabolic 

syndrome is linked to excessive hepatic TG storage, also known as 

nonalcoholic fatty liver disease (NAFLD), which is characterized as a TG 

concentration >5% of liver weight. Similar to this, increased skeletal muscle 

TG, also known as intramyocellular lipids (IMCL), is associated with insulin 

resistance in individuals with type 2-diabetes and obesity [71]. 

 

 

" 
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1.2.3.2 Lipoproteins  

The most significant complex lipids are lipoproteins, which are made 

up of both proteins and lipids. The non-polar lipids (cholesterol esters and 

triacylglycerols) in the center of lipoprotein particles are surrounded by 

polar lipids (free cholesterol, phospholipids), which help bind lipids to 

proteins. Serum lipoproteins are the lipoproteins that are tested the most [60]. 

 

 

Figure 1.11 The generalized structure of plasma lipoprotein [61] 

 

1.2.3.2.1High Density Lipoprotein (HDL)" 

"High-density lipoproteins (HDL) help move too much cholesterol 

from the body's outer tissues to the liver [72], due to its apparent inverse 

correlation with future CVD risk, high-density lipoprotein cholesterol (HDL-

C) has been known for a long time as "good cholesterol, Greater than 55 

mg/dL is the recommended number for women, and greater than 45 mg/dL 

for men. Extra cholesterol that has built up in blood vessel walls can be 
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removed by the liver through the digestive system with the help of HDL 

cholesterol. Better blood flow is encouraged by HDL cholesterol's role in 

maintaining dilated blood vessels. Along with other properties, it also has an 

anti-inflammatory and antioxidant impact that lessens blood vessel damage. 

As "old" cholesterol is eliminated by cells, HDL cholesterol transports it 

back to the liver for excretion or recycling [73]. However, more recent studies 

have questioned whether HDL-C plays a causative role in this association 

because neither genetic studies nor several large-scale randomised controlled 

trials have discovered any proof of a cardiovascular protective effect when 

HDL-C levels are increased. Instead, attention is now being paid to the HDL 

particle's functional characteristics. Evidence suggests that an inflammatory 

environment may cause considerable changes in HDL's composition and 

function, changing it from a vasoprotective anti-atherogenic particle to a 

toxic pro-atherogenic counterpart [74]." 

1.2.3.2.2Low density Lipoprotein (LDL)" 

"The term "bad cholesterol" is frequently used to describe low-density 

lipoprotein. related with CVD and plays a significant role  than 130 mg/dL is 

the recommended range for LDL, most recent recommendations emphasize 

lower numbers (less than 100 mg/dL). levels differ amongst agencies, and 

more recent guidelines [75, 76].One of the primary laboratory measurements, 

LDL-C confers a high risk of cardiovascular disease when inappropriately 

raised; these molecules have also been the main focus for prescription 

medication [77]." 
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Figure 1.12  Lipoprotein metabolism overview [78] 

"The most common metabolic abnormality associated with PCOS is 

dyslipidemia, which affects 70% of patients and is most frequently 

characterized by hypertriglyceridemia, low HDL-C levels, and small dense 

LDL-C particles atherogenic dyslipidemia, typical of states of insulin 

resistance [79],as show in Figuer (1.12)." 
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Figure 1.13 Dyslipidemia in PCOS[80] 

 

1.2.4 Inflammation Factors  

"Factors associated with inflammation include C-reactive protein 

(CRP), interleukin-6, and other inflammatory markers. It has been observed 

that these factors enhance the risk of CVD [81]. The blood interleukin-6 (IL-

6) level is associated with an increased incidence of CVD [82], and high 

sensitivity C-reactive protein (HS-CRP) is a well-established independent 

predictor of CVD [83]." 
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1.2.4.1 Interleukin-6 (IL-6) 

"A key component of acute inflammation is the cytokine lattice type 

IL-6. Weissenbach and colleagues first identified IL-6 in 1980 [84]. Because 

interleukin-6 was the sixth interleukin to be identified, it was given that 

name[85], IL-6 is a pro-inflammatory cytokine that plays a significant role in 

cell proliferation and differentiation in humans. It stimulates the production 

of several proteins involved in acute inflammation [86]. A brief introduction 

to IL-6 is shown in Figuer (1-13). " 

 

Figure 1.14 Functions of  interleukin-6 (IL-6) [84] 

"Interleukin-6, often known as IL-6, is a short polypeptide with four 

helices, as shown in Figuer (1.14), which describes its structure and 

properties. Its isoelectric point is 5.0, it has 184 amino acid residues, a 

molecular weight of 19–28 kDa, glycosylation sites, and two disulfide 
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linkages [87]. It is typically found in monomer form. Nearly every stromal 

cell, immune system cell, and non-lymphocytic cell can produce IL-6, 

including fibroblasts, endothelial cells, keratinocytes, glomerular mesangial 

cells, tumor cells, and B-, T-, macrophages, monocytes, dendritic cells, and 

mast cells [88]. Additionally, IL-6 affects a variety of cell types and controls a 

broad range of biological processes, including hematopoiesis, the immune-

inflammatory response, and reactions in the nervous system[85]." 

 

Figure 1.15  IL-6 Structure [89] 

"The strongest predictor of cardiovascular diseases, including heart 

failure, myocardial infarction, and mortality from cancer patients with stable 

coronary artery disease, IL-6 also includes all other causes of death [82]. In 

terms of reproductive physiology, interleukin 6 (IL-6) is essential. Numerous 

human diseases and pathophysiological processes, including as 

atherosclerosis development, ovarian steroid production, fertilization and 
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implantation, coronary heart disease, osteoporosis, and allergic reactions are 

all thought to be impacted by IL-6[90]." 

"IL-6 is may play an important role in the etiology of PCOS[91].It has 

been shown to have an impact on the processes of fertilization, implantation, 

and ovulation, all of which are impacted in PCOS-affected women [92]. 

According to one study, IL-6 is a critical mediator related with 

cardiovascular risk and T2DM in PCOS-affected. As a result, IL-6 could be 

a valuable biomarker for PCOS diagnosis and therapy of T2DM and 

cardiovascular illness in PCOS patients [93]. However, the findings of recent 

investigations on changes in IL-6 levels in PCOS patients are contradictory. 

Although some research have found significant increases in IL-6 levels in 

women with PCOS when compared to controls[94-96]." 

1.2.4.2 High Sentivitiy C-Reactive Protein (HS-CRP) 

"C-reactive protein (CRP) is a polypeptide molecule that is a member 

of the pentraxin family. It is made up of five identical subunits, each 

containing 206 amino acids, and has a molecular mass of 120,000 Daltons. 

The liver is the primary site of CRP synthesis in response to specific pro-

inflammatory cytokines. Innate immunity, opsonization due to its 

characteristics, complement activation, and immunoglobulin receptor 

binding are all significant functions it plays [97]. CRP is routinely assessed in 

rheumatoid arthritis (RA) as a sign of systemic inflammation. Additionally, 

it serves as an immunological regulator, an important role in the 

inflammatory pathways associated with RA that promote atherogenic 

effects. In RA, systemic inflammatory comorbidities are common, and CRP 
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has been linked to a higher risk of depression, diabetes, metabolic syndrome, 

cardiovascular disease, and pulmonary conditions [98]. " 

"Since CRP is a protein of acute systemic inflammation, it is a key 

indicator of inflammation [99]. The high sensitivity CRP (HS-CRP) assays  

are more sensitive and can detect extremely low CRP values [97], It is an 

inflammatory biomarker that provides predictive information on 

cardiovascular risk akin to blood pressure or cholesterol [100],predicts 

recurrent events and mortality in patients with acute or stable coronary 

syndromes as well as incident myocardial infarction, stroke, peripheral 

arterial disease, and sudden cardiac death in healthy individuals without a 

history of cardiovascular illness [101]. Lower, average, or higher relative 

cardiovascular risk are indicated, respectively, by values 1, 1 to 3, and >3 

mg/L [100]. Immunonephelometry or immunoturbidimetry are used to 

measure the CRP. There is no established method. The quantification of HS-

CRP is based on "immunolatex" immunonephelemetry sensitized methods 

[97]." 

 

 

 

 

 

 

 



Chapter one                                Introduction and Literature Review 

28 
 

1.2.5 Aims  of the Study 

This study addresses the following aims: 

1- Evaluate of the level of inflammatory factors (HS-CRP, IL-6) in patients  

of polycystic ovarian  and insulin resistance, and compared with a healthy 

group. 

2-  Demonstate of the level of lipid profile in patients of PCOS and insulin 

resistance, and compared with a healthy group. 

3- Examine the correlation between biomarkers (Lipid profile and HS-

CRP,IL-6)(HS-CRP and IL-6) (HS-CRP, IL-6 and insulin resistance)" 

4-  Identify the risk of this syndrome by evaluating some 

biomarkers(LDL,HDL,Cholesterol, Tirglceraide,HS-CRP,IL-6). 
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2. "Materials and Methods2.1 "Subjects and Study Design" 

"A case-control study has been conducted at Gynecological and 

Obstetric Teaching Hospital in Karbala city and the maternity outpatient 

clinic, the diagnosis was made by Dr. HamidaHadiAbdWahed . All samples 

were collected from October 2022 until February 2023. The study was 

conducted on 80 Iraqi women, women's their age ranged (16-40) years within 

reproductive age.40 samples were collected from PCOS patients with  insulin 

resistance, the  second group  included 40 healthy women without PCOS and 

insulin resistance. Women  received a medical examination and a short 

questionnaire that asked about  the woman’s age, weight, height, duration of 

illness, regular or irregular menstrual cycle, sugar test (insulin resistance) and 

blood pressure. Table (2.1) contains a list of all the data collected from 

women. 

 

 

 

 

  

 

 

 

"Table 2.1 Questionnaire of this Study" 
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 Patient and Control profile  

Name 

Sample number 

Date 

Age 

Weight 

Height 

Disease durations (years) :-     0-1          1-2           2-3             3-5              

Menstrual cycle: regular       irregular         

Diabetes screening(insulin resistance ): Normal    Abnormal 

Blood  pressure(amount of pressure) 

 

2.2"Groups of this study" 

"In thetwo study groups، the following was confirmed: 

 1."Controls group (healthy): The healthy group include 40 women, their 

ages range between (16-40) years." 

 2."Patients group: The group consists of 40 women with PCOS and insulin 

resistance, their ages range between (16-40) years." 

" All of the female population gave verbal informed consent , and 

Kerbala University approved the research procedure." 

 

 

2.3 Exclusion criteria 
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Women suffering from PCOS without insulin resistance, heart 

disease, kidney disease, thyroid gland diseases were excluded from the 

study.  

2.4Collection Blood Samples" 

"Fasting venous blood samples were collected from women in 

Gynecological and Obstetric Teaching Hospital and outpatient clinics during 

2nd – 3rd day of the menstrual cycle (early follicular phase) for those of 

normal cycle in order to do the tests:(LDL, HDL, Triglyceride, Cholesterol, 

high sensitivity C-reactive protein, Human IL-6). 5 ml of blood was drawn 

using a medical syringe with a capacity of 5 ml, and the blood was then 

placed in gelatine tubes (often referred to as gel tubes) free of anti-clotting 

agents since these tubes include a gelatinous component that aids in the 

serum separation process after centrifugation. After 15 minutes of standing 

time at room temperature, the samples were centrifuged for 10 minutes at a 

speed of 3000 rounds per minute to separate the serum, which was stored at -

20° C until it was required. 

 

 

 

 

 

 

2.5"The Chemicals" 
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"The chemicals used in this study are described in Table (2.2)." 

"Table 2.2 The chemicals Kits" 

Company and Origin Chemicals 

Abbott,USA HOMA-IR Kits  

Mindray, China LDL-Cholesterol Kit 

Mindray, China HDL-Cholesterol Kit 

Mindray, China Total Cholesterol Kit 

Mindray, China Triglycerides Kit  

Mindray, China High sensitivity C-reactive protein Kit 

Snibe,China Human Interleukin 6 CLIA Kit 

 

2.6"Instrument Analysis and Equipments 

" Equipments and instruments that are used in the this study are 

shown in table (2.3)." 
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"Table 2.3 Instrument analysis and equipments 

Supplied Company Instruments 

DMK KOLOING- P.R.C Disposable syringe 5 ml 

China Gelatin tubes (Jell tube) 5 ml 

Afco/Jorden Disposable Eppendrof tube 1ml 

Heraeus-Germany Centrifuge 

Samsung ( Korea ) Refrigerator 

Snibe-China MAGLUMI 800 

Mindray-China BS-430  

Mindray-China BS-200 

 

Figure 2.1 SinbeMaglumi 800 

 

 Figure 2.2 Mindray BS-430 
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Figure 2.3 Mindray BS-200 

 

2.7"Methods"2.7.1"Measurement of body mass index (BMI)" 

Body mass index (BMI) was calculated in accordance with World 

Health Organization (WHO) guidelines. It is calculated by dividing a 

person's weight in kilograms by their height in meters squared (kg/m2) 

[102].The body mass index is expressed in the following equation:- 

"BMI = Weight (Kg) / Height (m2)" 

"BMI were classified into three groups:" 

1."The BMI of Normal weight range is  (18.5-24.9) Kg/m2 

 2."The BMI of Overweight range is  (25-29.9) Kg/m2" 

 3."The BMI of Obese is ≥ 30 Kg/m2" 

 

2.7.2"Determinations Total Serum Cholesterol" 
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" vitro test for the quantitative determination of TC concentration in 

serum and plasma on photometric systems is used. 

Method" 

" Cholesterol oxidase- peroxidase (CHOD-POD) method " 

Reaction Principle" 

"Cholesterol esters   cholesterol esterase   Cholesterol +   Fatty acids" 

"Cholesterol + O2
Cholesterol oxidase4-Cholestenone +H2O2" 

"2H2O2 + Phenol + 4-aminoantipyrine PeroxidaseQuinoneimine (Pink) + 4H2O" 

Cholesterol ester is catalyzed by CHE and CHO to produce H2O2, 

which oxidizes 4-aminoantipyrine with phenol to make a colored 

quinoneimine dye. The content of cholesterol is directly proportional to the 

increase in absorbency. 

Reagents" 

"Components and concentrations" 

"R: Phosphate buffer (100mmol/L) 

"Phenol (5mmol/L)"" 

"4-Aminoantipyrine (0.3mmol/L) " 

"Cholesterol esterase (>150KU/L)" 

"Cholesterol oxidase (>100 KU/L)""Peroxidase(5KU/L) ""  

Reagent Preparation" 

"Single reagent is ready to use." 

"Table 2.4 Assay Procedure Cholesterol" 
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Sample  Blank Materials 

1000 µL  

 --------  

 

 10 µL 

1000 µL 

 10 µL 

 

---------- 

R: 

Distilled  water  

Sample  

 

"Mix thoroughly at 37°C، and read the absorbance 10 min later." 

"△A= [△A sample] – [△A blank]" 

"Calculation 

"The analyzer calculated the TC concentration of each sample 

automatically after calibration." 

"Conversion factor: mg/dL x 0.026=mmol/L 

or: C sample = (△A sample/△A calibration) x C calibration" 

"The standard curve of Cholesterol determination was plotted in 

Figure (2.4) and the Cholesterol level in each sample was determined." 
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"Figure 2.4 Standard Curve of Determination of Cholesterol 

Concentration." 

2.7.3 Determinations Total Serum Triglyceride" 

" Vitro test for the quantitative determination of TG concentration in 

serum and plasma on photometric systems is used. 

Method" 

"Glycerokinase Peroxidase- Peroxidase Method. 

Reaction Principle" 

"Triglycerides + 3H₂O       Lipase        Glycerol + fatty acid" 

"Glycerol + ATP       Glycerol kinase        Glycerol-3-phosphate + ADP " 

"Glycerol-3-phosphate + O₂Glycerol-3-phosphate oxidase        Dihydroxyacetone 

Phosphate + H₂O₂" 

 

 

"H₂O₂+4-Aminoantipyrine + 4-Chlorophenol   Peroxidase  Quinoneimine + HCl 

+ 2H₂O" 

Lipase, GK, and GPD catalyze the oxidation of triglycerides to produce 

H2O2, which then oxidizes 4-Aminoantipyrinel to produce a colored 

quinoneimine dye. The increase in absorbency is inversely related to the 

triglyceride levels. 

Reagents" 

"Components and concentrations are given below: 
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"Phosphate buffer     50 mmol/L" 

"4-Chlorophenol       5 mmol/L" 

"ATP                          2 mmol/L" 

"Mg2+                         4.5 mmol/L" 

"Glycerokinase         ≥0.4 U/mL" 

"Peroxidase               ≥0.5 U/mL" 

"Lipoprotein lipase     ≥1.3 U/mL" 

"4-Aminoantipyrine   0.25 mmol/L" 

"Glycerol-3-phosphate-oxidase≥1.5 U/Ml" 

 

 

 

 

"Table 2.5 Assay Procedure Triglyceride" 

Sample Blank Materials 

1000 µL 

-------- 

10 µL 

1000 µL 

10 µL 

---------- 

R: 

Distilled water 

Sample 

"Mix thoroughly at 37°C, and read the absorbance 10 min later." 

"△A= [△A sample] – [△A blank]" 
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 "Calculation 

"The analyzer calculated the TG concentration of each sample 

automatically after calibration." 

"Conversion factor: mg/dL x 0.0113=mmol/L 

or: C sample = (△A sample/△A calibration) x C calibration" 

In Figure (2.5), the glyceride level in each sample was calculated 

using the standard curve for glyceride determination. 

 

"Figure 2.5 Standard Curve of Determination of Triglyceride 

Concentration." 

2.7.4"Determinations Serum HDL-Cholesterol" 

" Vitro test for the quantitative determination of HDL-Cholesterol 

(HDL-C) concentration in serum on photometric systems is used. 

Method" 

"Direct method was used." 
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Reaction Principle" 

" (1) LDL, VLDL, Chylomicron cholesterol esterase + cholesterol oxidase Cholestenone + 

H₂O2" 

"2H2O Catalase 2H2O+O2" 

"(2) HDL cholesterol esterase + cholesterol oxidase  Cholestenone + H₂O₂" 

"H2O2 + HDAOS + 4-aminoantipyrin peroxidaseQuinonimine" 

 

"The System monitors the change in absorbance at 600 nm. This 

change in absorbance is directly proportional to the concentration of 

cholesterol in the sample and is used by the System to calculate and express 

the HDL-cholesterol concentration." 

Reagents" 

"Components and Concentrationsare given below:" 

"R1: Good’s buffer (100 mmol/L)""Cholesterolesteras(600U/L)" 

"Cholesteroloxidase(380U/L)" 

"Catalase(600 KU/L) " 

HDAOS (0.42 mmol/L)" 

R2:Good’sbuffer (100mmol/L)" 

4-aminoantipyrine(1.0mmol/L)" 

Peroxidase(>2.8U/mL)" 

Surfactant(<2%)" 

"Table 2.6 Assay procedure of HDL-Cholesterol" 
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Sample  Blank Materials 

900 µL  

 --------  

12 µL 

900 µL 

 12 µL 

---------- 

Reagent 1 

Distilled  water  

Sample  

"Mix, Incubate for 5 min. at 37°C, then add" 

300 µL 300 µL Reagent 2 

"Mix thoroughly, incubate at 37°C for 5 min., and then read 

theabsorbance change value." 

"△A= [△A sample] – [△A blank]" 

Calculation" 

"The standard curve of HDL-Cholesterol determination was plotted in 

Figure (2.6) and the HDL-Cholesterol level in each sample was determined." 

 

. 

"Figure 2.6 Standard Curve of Determination of HDL-

Cholesterol Concentration." 
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2.7.5"Determinations Serum LDL-Cholesterol" 

"Vitro test for the quantitative determination of LDL-Cholesterol 

(LDL-C) concentration in serum on photometric systems is used. 

Method" 

"Direct method was used. 

Reaction Principle 

")1( HDL, VLDL, Chylomicrons    cholesterol esterase + cholesterol oxidase             

Cholestenone + H2O2" 

"2H2O2
Catalase    2H2O+O2" 

"(2) LDL cholesterol esterase + cholesterol oxidaseCholestenone + H₂O₂" 

"H2O2 + TOOS + 4-aminoantipyrin  peroxidaseQuinonimine" 

The System keeps track of any variations in absorbance at 600 nm. 

The system uses this change in absorbance, which is directly inversely 

proportional to the sample's cholesterol content, to determine and express 

the LDL-cholesterol concentration. 

Reagents" 

"R1: Good’s buffer (50 mmol/L)" 

"Cholesterol esterase (600 U/L)" 

"Cholesterol oxidase (500 U/L)" 

" Catalase (600 KU/L)" 
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"TOOS (2 mmol/L)" 

"R 2：Good’s buffer (50 mmol/L)" 

"4-aminoantipyrine (4 mmol/L)" 

"Peroxidase (4 U/mL)" 

 

 

 

 

 

 

 

"Table 2.7 Assay procedure of LDL-Cholesterol" 

Sample Blank Materials 

900 µL  

 --------  

 12 µL 

900 µL 

 12 µL 

---------- 

Reagent 1 

Distilled  water  

Sample  

"Mix, Incubate for 5 min. at 37°C, then add;" 

300 µL 300 µL Reagent 2 

"Mix thoroughly, incubate at 37°C for 5 min, and then read 

theabsorbance change value." 

"△A= [△A  sample] – [△A blank]" 



Chapter two                                               Materials and methods 

45 
 

Calculation" 

The LDL-Cholesterol level in each sample was calculated using the 

standard curve for determining LDL-Cholesterol, which was depicted in 

Figure (2.7). 

 

"Figure 2.7 Standard curve of determination LDL-Cholesterol of 

Concentration." 

2.7.6 Inflammation Parameters 

2.7.6.1"Measurement of Serum IL-6 Concentration" 

The kit is an in vitro chemiluminescence immunoassay for the 

quantitative determination of IL-6 in human serum and plasma using the 

MAGLUMI series Fully-auto chemiluminescence immunoassay analyzer." 

Principle of the Test  

"The IL-6 assay is a sandwich chemiluminescence immunoassay. The 

sample (or calibrator/control, if applicable), buffer, ABEI labeled with anti-

IL-6 monoclonal antibody and magnetic microbeads coated with another 
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anti-IL-6 monoclonal antibody were mixed thoroughly and incubated, 

forming sandwich complexes. After precipitation in a magnetic field, the 

supernatant is decanted and then a wash cycle is performed. Subsequently, 

the Starter 1+2 were added to initiate a chemiluminescent reaction. The light 

signal is measured by a photomultiplier as relative light unit (RLUS), which 

is proportional to the concentration of IL-6 present in the sample (or 

calibrator/control, if applicable)." 

 

 

 

 

 

 

"Table 2.8   Components of IL-6 Kits" 

100 test Contents Components 

2.5 mL Magnetic 

microbeads coated with 

anti-IL-6 monoclonal 

antibody (mouse), 

containing BSA, NaN3, 

(<0.1%) 

Magnetic microbeads 

2.0 mL "Containing IL-6 

antigen (recombinant) and 

BSA, NaN3,(<0.1%)" 

Calibrator Low 
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2.0 mL "Containing IL-6 

antigen (recombinant) and 

BSA, NaN3,(<0.1%)" 

Calibrator High 

8.5 mL "Containing BSA, 

NaN3, (<0.1%)." 

Buffer 

15.0 mL 0.9% NaCl Diluent 

8.5 mL "Anti-IL-6 

monoclonal antibody 

(mouse) labeled with ABEI, 

containing BSA, NaN3, 

(<0.1%)" 

ABEI Label 

2.0 mL "Containing IL-6 

antigen (recombinant) and 

BSA, NaN3,(<0.1%)" 

Control 1 

2.0 mL "Containing IL-6 

antigen (recombinant) and 

BSA, NaN3,(<0.1%)" 

Control 2 

"All reagents are provided ready-to-use." 

"Preparation of Reagent" 

"Resuspension of the magnetic microbeads takes place automatically 

when the kit was loaded successfully, ensuring the magnetic microbeads 

were totally resuspended homogenous prior to use." 

"To ensure proper test performance, strictly adhere to the operating 

instructions of MAGLUMI series Fully-auto chemiluminescence 

immunoassay analyzer. Each test parameter was identified via a RFID CHIP 

on the Reagent. For further information please refer to the operating 

instructions of MAGLUMI series Fully-auto chemiluminescence 

immunoassay analyzer." 
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"Calculation " 

"The analyzer automatically calculated the concentration in each 

sample by means of a calibration curve which was generated by a 2-point 

calibration master curve procedure. The results were expressed in pg/mL. 

 

"Figure 2.8 Standard Curve of Interleukin-6 for Determination 

the Concentration of IL-6 " 

"Interpretation   of Results" 

"The expected range for the IL-6 assay was obtained by testing 275 

healthy individuals in China, and gave the following expected value: 

≤7.00 pg/ml" 

2.7.6.2"Measurementof Highsensitivity C-reactive protein" 

For the latex particle enhanced immunoturbidimetric assay for the 

measurement of High Sensitivity C-Reactive Protein in Serum or Plasma 

utilizing the Mindray BS- 200 Analyzer. Only for use in in vitro diagnostics. 

Principle of the Test" 
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In the presence of human CRP from the sample, latex particles coated 

with antibody-specific to that protein clump together to create 

immunological complexes. According to the level of CRP in the serum, the 

immune complexes produce an increase in light scattering. Turbidity 

(absorbance) at 570 nm is read to determine the amount of light scattering. A 

calibration curve was created using CRP standards with established 

concentrations is used to calculate the CRP concentration. 

Reagents " 

"R-1: Buffer Reagent Glycine buffer: 170 mm" 

"R-2: Latex Suspension " 

"Latex particles were coated with rabbit anti-human CRP antibodies: 0.20% 

(w/v)" 

 

Reagent Preparation" 

Reagents are prepared for usage and don't need to be reconstituted. 

Before using, carefully combine. 

Calculations" 

The level of High Sensitivity C-Reactive Protein in each sample was 

calculated using the standard curve of High Sensitivity C-Reactive Protein 

Determination shown in Figure (2.9). 
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"Figure 2.9 Standard Curve of Determination of the High 

Sensitivity C-reactive Protein Concentration." 

Expected Values 

The expected level of CRP in healthy people is less than 3.0 mg/L. It 

is advised that every lab determines its own predicted range. 

 

 

 

 

 

 

 

 

2.8 Data Analysis" 
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"Statistical analysis was carried out using SPSS version 27. 

Categorical variables were presented as frequencies and percentages. 

Continuous variables were presented as (Means ± SD). Pearson Chi-Square 

test and Fisher's Exact test were used to find the association between 

categorical variables. Correlation coefficient (r) was used to assess the 

relationship between two continuous variables. A p-value of ≤ 0.05 was 

considered as significant." 



 

 

 
 

 

 

 

 

 

 

 



Chapter Three                                                                        Results  

52 
 

3. The Results 

"Figure 1 shows the distribution of patients with polycystic ovarian 

syndrome with insulin resistance according to age (years) including (< 30 

years and ≥ 30 years). The majority of patients (N=29, 72.5%)were 

presented with age below 30 years and only eleven patients with polycystic 

ovarian syndrome and insulin resistance were presented with age and ≥ 30 

years (27.5%) . Mean age of patients was (25.88 ± 6.35) years." 

 

 

Figure 3.1 "Distribution of patients with polycystic ovarian 

syndrome with insulin resistance according to age (N=40)" 

 

Table 3.1: Given the mean differences of age (years) according to 

study group including (polycystic ovarian syndrome with insulin resistance, 

control group)" 

"Table 3.1 The mean differences of age according to study group  

72.5%

27.5%
< 30 years

≥ 30 years

Study variables Study group N Mean ± SD P-value 

Age  (years) Polycystic ovarian 

syndrome and insulin 

resistance 

40 25.88 ± 6.35  

0.303 

Control group 40 27.40 ± 6.79 
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3.1Comparison of groups in lipid profile  

"Table 3.2:  Given the mean differences of lipid profile including 

(LDL, HDL,triglyceride andcholesterol) according to  the study group 

including (polycystic ovarian syndrome with insulin resistance, control 

group)." 

"Table 3.2 The mean differences of lipid profile according to 

study group (N=80)" 

*P value ≤ 0.05 was significant. " 

 

Lipid profile Study group N Mean ± SD P-value 

LDL (mg/dl) Polycystic ovarian 

syndrome and Insulin 

resistance 

40 105.20 ± 

22.94 

<0.001* 

Control group 40 75.10 ± 

21.95 

HDL (mg/dl) Polycystic ovarian 

syndrome and Insulin 

resistance 

40 43.11 ± 

12.95 

<0.001* 

Control group 40 53.35 ± 

10.49 

Triglyceride 

(mg/dl) 

Polycystic ovarian 

syndrome and insulin 

resistance 

40 144.48 ± 

75.61 

<0.001* 

Control group 40 89.80 ± 

29.58 

Cholesterol 

(mg/dl) 

Polycystic ovarian 

syndrome and insulin 

resistance 

40 176.31 ± 

29.96 

<0.001* 

Control group 40 146.29 ± 

25.04 
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3.2 Comparison of Groups inInflammation Factors" 

"Table 3.3: Shows the mean differences of High Sensitivity C-

Reactive Protein according to study group including (polycystic ovarian 

syndrome with insulin resistance, control group)." 

"Table 3.3 The mean differences of High Sensitivity C-Reactive 

Protein (mg/l) according to study group (N=80) 

*P value ≤ 0.05 was significant. " 

"Table 3.4: Shows the mean differences of Human Interleukin-6 

according to study group including (polycystic ovarian syndrome and insulin 

resistance, control group)." 

"Table 3.4 The mean differences of Human Interleukin-6(pg/ml) 

according to study group (N=80)" 

*P value ≤ 0.05 was significant. " 

 

 

Study variable Study group N Mean ± SD P-value 

High 

Sensitivity C-

Reactive 

Protein (mg/l) 

Polycystic ovarian 

syndrome and insulin 

resistance 

40 2.16 ± 2.94  

<0.001* 

 

 
Control group 40 0.33 ± 0.15 

Study variable Study group N Mean ± SD P-value 

Human 

Interleukin-6 

(pg/ml) 

Polycystic ovarian 

syndrome and insulin 

resistance 

40 2.39 ± 1.73  

<0.001* 

Control group 40 1.24 ± 0.92 
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3.3"Correlation between Lipid Profile and HS-CRP, IL-6 and 

Insulin resistance in Patients Group" 

"Table 3.5: Demonstrate the correlation of lipid profile including 

(LDL,HDL,triglyceride andcholesterol) and study markers including (High 

Sensitivity C-Reactive Protein, Human Interleukin-6 and Insulin resistance) 

among patients  polycystic ovarian syndrome with insulin resistance." 

"Table 3.5 The correlation of lipid profile and study markersamong 

patients  polycystic ovarian syndrome with insulin resistance (N=40)" 

*P value ≤ 0.05 was significant. " 

 

 

 

 

3.4"Correlation between HS-CRP and IL-6 in patients group" 

Lipidprofile High 

Sensitivity C- 

Reactive Protein 

(mg/l) 

Human 

Interleukin-6 

(pg/ml) 

Insulin resistance 

r P-value R P-value r P-value 

LDL (mg/dl) 0.19 0.241 0.461 0.352 0.346 0.029* 

HDL (mg/dl) -0.216 0.18 -0.414 0.008* -0.004 0.979 

Triglyceride 

(mg/dl) 

0.485 0.002* 0.618 <0.001* 0.553 <0.001* 

Cholesterol 

(mg/dl) 

0.311 0.051 -0.222 0.169 -0.018 0.912 
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"Figure (3.2) shows the correlation between High Sensitivity C-

Reactive Protein and Human Interleukin-6 among patients polycystic 

ovarian syndrome with insulin resistance (N=40, r=0.686, P<0.001*)." 

 

 

 

"Figure 3.2 Positive linear correlation between High Sensitivity 

C-Reactive Protein (mg/l) and Human Interleukin-6 (pg/ml) among 

patients  polycystic ovarian syndrome with insulin resistance (N=40, 

r=0.686, P<0.001*)" 

 

 

 

3.5"Correlation between HS-CRP, IL-6 and Insulin resistance 

in patients group" 
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"Table 3.6: Given the correlation of study markers including (High 

Sensitivity C-Reactive Protein and Human Interleukin-6) and Insulin 

resistance among patients polycystic ovarian syndrome with insulin 

resistance." 

"Table 3.6 The correlation of study markers and Insulin 

resistance among patients with polycystic ovarian syndrome and insulin 

resistance (N=40)" 

*P value ≤ 0.05 was significant. " 

 

 

 

 

 

3.6"Study the Differences in the Biomarkers level based on the 

Age in Patients group 

Study markers Insulin resistance 

r P-value 

High Sensitivity C-Reactive Protein 

(mg/l) 

0.091 0.576 

Human Interleukin-6 (pg/ml) 0.219 0.174 
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"Table 3.7: The mean differences of lipid profile including (LDL, 

HDL, triglyceride and cholesterol) according to age including (< 30 years 

and ≥ 30 years) among patients  polycystic ovarian syndrome with insulin 

resistance." 

"Table 3.7 The mean differences of lipid profile according to age 

among patients  polycystic ovarian syndrome with insulin resistance 

(N=40)" 

*P value ≤ 0.05 was significant. " 

 

"Table 3.8 shows the mean differences of study markers including 

(High Sensitivity C-Reactive Protein, Human Interleukin-6 and Insulin 

resistance) according to age including (< 30 years and ≥ 30 years) among 

patients  polycystic ovarian syndrome with insulin resistance." 

Lipid profile Age (years) N Mean ± SD P-value 

LDL (mg/dl) <30 29 99.67 ± 23.85 0.011* 

≥ 30 11 119.76 ± 11.76 

HDL (mg/dl) <30 29 43.65 ± 14.90 0.677 

≥ 30 11 41.70 ± 5.39 

Triglyceride(

mg/dl) 

<30 29 131.95 ± 79.05 0.089 

≥ 30 11 177.52 ± 56.05 

Cholesterol 

(mg/dl) 

<30 29 168.47 ± 28.64 0.006* 

≥ 30 11 196.97 ± 23.58 
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"Table 3.8 The mean differences of study markers including 

(High Sensitivity C-Reactive Protein (mg/l), Human Interleukin-6 

(pg/ml) and Insulin resistance) according to age among patients 

polycystic ovarian syndrome with insulin resistance(N=40)" 

*P value ≤ 0.05 was significant. " 

 

 

 

 

 

3.7 The Differences in the Study Groups based on the Body 

Mass Index (BMI)" 

Study markers Age (years) N Mean ± SD P-value 

High 

Sensitivity C-

Reactive 

Protein (mg/l) 

<30 29 1.10 ± 0.92 0.015* 

≥ 30 11 4.98 ± 4.40 

Human 

Interleukin-6 

(pg/ml) 

<30 29 2.04 ± 1.66 0.038* 

≥ 30 11 3.30 ± 1.62 

Insulin 

resistance 

<30 29 3.11 ± 0.77 0.808 

≥ 30 11 3.04 ± 0.72 
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"Table 3.9: shows the association between body mass index and study 

group including (polycystic ovarian syndrome with insulin resistance, 

control group)." 

"Table 3.9 The association between body mass index (kg/m2) and 

study group (N=80)" 

*P value ≤ 0.05 was significant. 

3.8.1"The Effect of Body Mass Index (BMI) of Patients 

Women" 

"Figure (3.3) shows distribution of patients polycystic ovarian 

syndrome with insulin resistance according to body mass index (kg/m2) 

including (normal (18.5-24.9), overweight (25-29.9) and obese (≥ 30)). 

Normal body mass index was represented in (N=10, 25.0%) of patients, 

overweight represent (N=12, 30.0%) of patients and less than half of patients 

(N=18, 45.0%) presented with obesity. Mean body mass index of patients 

was (29.93 ± 5.64) kg/m2." 

Studyvariables Study group Total 

(N=80) 

P-value 

PCOS&IR  

(N=40) 

Control 

group  

(N=40) 

Body mass index 

(kg/m2) 

Normal (18.5-24.9) 

Overweight (25-29.9) 

Obese (≥ 30) 

Total 

 

 

10(25.0%) 

12(30.0%) 
18(45.0%) 

40(100.0%) 

 

 

31(77.5%) 

9(22.5%) 

0(0.0%) 

40 (100.0%) 

 

 

41(51.3%) 

21(26.3%) 

18(22.4%) 

80(100.0%) 

 

 

<0.001* 
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"Figure 3.3 Distribution of patients with polycystic ovarian 

syndrome with insulin resistance according to body mass index (kg/m2)" 

 

3.8 The Differences in the Study Groups based on the Blood 

Pressure" 

"Table 3.10 The association between blood pressure level (mmHg) 

and study group (N=80)" 

*P value ≤ 0.05 was significant. " 

0

5

10

15

20

25

30

35

40

45

Normal (18.5-24.9) Overweight (25-29.9) Obese (≥ 30) 

25.0%

30.0%

45.0%

Study 

variables 

Study group Total 

(N=80) 

P-

value PCOS & IR 

(N=40) 

Control 

group  (N=40) 

Blood pressure 

measurement 

< 120/ <80 

120-129/ <80 

130-139/ 80-89  

≥140/ ≥90 

Total 

 

 

0(0.0%) 

27(67.5%) 

11(27.5%) 

2(5.0%) 

40(100.0%) 

 

 

22(55.0%) 

13(32.5%) 

5(12.5) 

0(0.0) 

40(100.0%) 

 

 

22(27.5%) 

40(50.0%) 

16(20.0%) 

2(2.5%) 

80(100.0%) 

 

 

<0.001* 
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"Figure (3.4)shows distribution of patients polycystic ovarian 

syndrome with insulin resistance according to blood pressure measurement 

(mmHg) including (<120/<80, 120-129/ <80, 130-139/ 80-89 and ≥140/ 

≥90).Patients with blood pressure measurement was (mmHg) (120-129/ <80) 

represent (N=27, 67.5%), themeasurement of patients with blood pressure 

was (mmHg)(130-139/ 80-89) represent eleven patients (27.5%) and patients 

with blood pressure measurement (mmHg)(≥140/ ≥90) represent only two 

patients (5.0%) . 

 

"Figure 3.4 Distribution of patients  polycystic ovarian syndrome 

with insulin resistance according to blood pressure measurement 

(mmHg)" 

 

 

 

 

67.5%

27.5%

5.0%

120-129 / <80

130-139/ 80-89

≥140/ ≥90
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3.9 The Effect of the Duration of Disease in Patients Group 

"Figure (3.5)shows the distribution of patients polycystic ovarian 

syndrome with insulin resistance according to duration of disease (years) 

including (< 1 year, 1-2 years, 2-3 years, 3-5 years and > 5 years). Patients 

with duration of polycystic ovarian syndrome and insulin resistance less than 

1 year represented four patients (10.0%), patients  duration of polycystic 

ovarian syndrome with insulin resistance(1-2) years represented nine 

patients (22.5%),  patients with duration of polycystic ovarian syndrome 

with insulin resistance(2-3 years) represented  ten patients (25.0%), patients 

with duration of polycystic ovarian syndrome with insulin resistance(3-5 

years) represented  six patients (15.0%) and patients with duration of 

polycystic ovarian syndrome with insulin resistance more than 5 years 

represented  eleven patients (27.5%)." 

 

"Figure 3.5 Distribution of patients  polycystic ovarian syndrome 

with insulin resistance according to duration of disease (year)" 
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3.9.1"The Effect of the Duration of disease on Biochemical 

Parameters Levels in Patients Group" 

"Figure (3.16) Given the mean differences of High Sensitivity C-

Reactive Protein according to duration of disease." 

 

"° Patients with disease duration (<2 years) equal 13, patients with 

disease duration (2-5 years) equal 16 and patients with disease duration (>5 

years) equal 11." 

"Figure 3.6 The mean differences of High Sensitivity C-Reactive 

Protein (mg/l) according to duration of disease (N=40) (F= 0.445, 

P=0.644)" 
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"Figure (3.7) Given the mean differences of Human Interleukin-6 

according to duration of disease." 

 

"° Patients with disease duration (<2 years) equal 13, patients with 

disease duration (2-5 years) equal 16 and patients with disease duration (>5 

years) equal 11." 

"Figure 3.7 The mean differences of Human Interleukin-6 (pg/ml) 

according to duration of disease (N=40) (F= 2.93, P=0.066)" 
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"Figure (3.8) Given the mean differences of Insulin resistance 

according to duration of disease. "

 

"° Patients with disease duration (<2 years) equal 13, patients with 

disease duration (2-5 years) equal 16 and patients with disease duration (>5 

years) equal 11." 

"Figure 3.8 The mean differences of Insulin resistance according 

to duration of disease (N=40) (F= 2.441, P=0.101)" 
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3.10 Menstrual cycleinpatients group" 

"Figure (3.9) shows the distribution of patients polycystic ovarian 

syndrome with insulin resistance according to menstrual cycle regularity 

including (regular and irregular). All patients with polycystic ovarian 

syndrome represented with the irregular menstrual cycle (N=40, 100.0%)." 

 

"Figure 3.9 Distribution of patients polycystic ovarian syndrome 

with insulin resistance according to menstrual cycle regularity" 
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4. Discussion                                                                                  

4.1 Relation between Patients Women and Lipid Profile   

"The most prevalent endocrine disorder in women of reproductive age 

is commonly acknowledged to be polycystic ovarian syndrome (PCOS), 

which can also cause dyslipidemia, hyperandrogenism, hyperinsulinemia, 

oxidative stress, and infertility. It is now understood that dyslipidemia 

contributes significantly to the emergence of PCOS[56].The presented study 

shows an increase in cholesterol, triglycerides, and bad cholesterol (LDL) 

and a decrease in good cholesterol (HDL) in women  patients compared to 

the control group, as shown in Table (3.2). These results are consistent with 

earlier research that was published and revealed dyslipidemia patterns [103-

106]. A recent study showed that mild hypercholesterolemia is typically 

observed in women with PCOS [107]. A recent animal study indicated that 

feeding prepubertal rats a high-fat diet caused metabolic and ovarian 

changes that are typically seen in PCOS, which raises the possibility that 

hyperlipidemia may have an effect on the hormonal profile [108]. Oocyte 

quality and early embryo growth are clearly impacted by obesity, which is 

brought on by apoptosis, mitochondrial malfunction, and endoplasmic 

reticulum stress brought on by lipotoxicity[109].According to Shaman A. A. et 

al.'s findings on lipid profiles based on androgen levels[110], androgens may 

be a key factor in hyperlipidemia. However, recent research has indicated 

that hypomethylated genes involved in the synthesis of lipids and steroids 

may encourage the manufacture of androgen and other steroid hormones, 

which may help to partially explain the causes of hyperandrogenism in 

PCOS [111]. According to these research, hyperandrogenism is a significant 

contributor to lipid abnormalities, whereas alterations in lipid-related genes 
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favor the development of hyperandrogenism. In comparison to women with 

PCOS and normal cholesterol levels, those with mild hypercholesterolemia 

have higher body mass indexes (BMIs), fasting insulin levels, and IR levels 

[107]." 

"Dyslipidemia was found to be considerably more common in PCOS 

and insulin resistance patients in the current investigation. A significant 

amount of free fatty acids are released from adipose tissues into the systemic 

circulation as a result of insulin resistance, which inhibits the capacity of 

insulin to control lipolysis [105].The American College of Obstetricians and 

Gynecologists and the Androgen Excess and PCOS Society both advise that 

all PCOS patients undergo a thorough fasting lipid and lipoprotein 

evaluation as part of their cardiovascular risk assessment [104, 105, 112, 113]. 

Since LDL-C is the lipoprotein biomolecule that causes atherosclerosis the 

most, it continues to be the main target [104, 105, 114, 115]. After the examination 

of PCOS patients for dyslipidemia, Patients with normal fasting lipid 

profiles will need to be evaluated again in two years, orlittle period of time  

if there has been an increase in body weight[104, 105]." 

4.2 Relation between Patients Women and Inflammation 

Factors  

"PCOS is more common when there are concomitant conditions 

present, such as metabolic disorders including obesity and insulin resistance. 

According to Lim and coauthors' meta-analysis's findings, 49% of women 

with PCOS have an average prevalence of obesity [116]. Furthermore, it is 

well-known that PCOS is typically made worse when it is linked to obesity. 

Additionally, it has been noted that women with PCOS had increased 
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numbers of circulating monocytes and lymphocytes, inflammatory 

infiltration in the ovarian tissue, and elevated serum concentrations of TNF 

and C-reactive protein (CRP)[117].This chronic inflammatory disorder is 

made worse by obesity and hyperinsulinemia, and there are several studies 

have examined the interactions between obesity, hyperandrogenism, and 

inflammatory state and hyperinsulinemia [118, 119].The results of the current 

study revealed an increase in the levels of inflammatory factors high 

sensitivity C-reactive protein and interleukin-6 in the group of patients, as 

shown in Tables (3.3)(3.4)." 

"The relation  between high-sensitivity C-reactive protein (HS-CRP) 

levels and PCOS components is poorly understood in this case.Elevated HS-

CRP levels indicate a risk factor for cardiovascular disease and type 2 

diabetes mellitus[120].  Kelly et al.'s in 2001 study, which is the first to look at 

low-grade chronic inflammation in women with PCOS, found that CRP 

concentrations, which are measured using a highly sensitive assay, are 

significantly higher in PCOS patients compared to healthy women with a 

regular menstrual cycle and normal levels of androgen. It shows that CRP 

may be a marker for potential future identification of young PCOS women 

who are prone to developing CVD because there were only 15–17 

participants in each group.According to a 2009 study by Tosi et al. , showed 

an increase in  HS-CRP  levels in a group of PCOS patients,  it also showed 

the association PCOS  to  low-grade inflammation, Insulin resistance is only 

partially responsible for this outcome, which appears to be mostly 

determined by body fat, As well as increased androgens play an additional 

role in this relation[121].There are also several recent studies that agree with 

the results of the current study[122, 123].In a study carried out in India, by  



Chapter Four                                       Discussion 

 

79 
 

Ganie MA et al. found no significant difference in HS-CRP levels in the 

PCOS group.Despite the fact that women with PCOS had higher-trending 

HS-CRP levels [120].The reason for the difference is that our study focused 

on patients with polycystic ovaries and insulin resistance, as well as they had 

an irregular menstrual cycle and of different ages, while a previous study 

focused on adolescent girls and have a regular menstrual cycle." 

"Interleukin-6 (IL-6) has long been thought to be a major pro-

inflammatory factor[124], which is assumed to be the cause of the obese 

people have higher endogenous levels of CRP [125]. For reproductive 

physiology, interleukin 6 (IL-6) is essential. Numerous human diseases and 

pathophysiological processes, including as atherosclerosis development, 

ovarian steroid production, fertilization and implantation, coronary heart 

disease, osteoporosis, and allergic reactions are all thought to be impacted by 

IL-6 [90, 126]." 

"There are several previous studies that are compatible with the 

current study[94, 127], and one of these studies is a study conducted by Zheng 

Peng &Yifan, women with PCOS had considerably greater levels of IL-6 

than women with BMI-matched controls. Comparing PCOS-affected women 

to controls, higher IL-6 levels are associated with IR and total testosterone 

levels. It's interesting to note that both lean and obese PCOS women had 

high levels of IL-6. The degree of IR was the primary cause of the notable 

variation that was seen throughout the studies [93].These results agree with 

another study bySafa S. M. Al-Shattawi et al. in Iraq, show the relationship 

between IL-6 and PCOS, Women with PCOS exhibited higher plasma 

concentrations of IL-6 than controls, who had intermediate values, or 

normal-weight controls[128, 129]." 
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"In addition,the study by  Escobar-Morreale et al. discover no 

connection between PCOS and IL-6 levels [130], The conflicting findings may 

be due to differences between the current meta-analysis and the prior study, 

and the current study concentrated on PCOS and IR patients. BMI may also 

have an impact on inconsistent research results,Considering that obesity is 

frequently accompanied by higher levels of pro-inflammatory cytokines 

[128]." 

4.3 Correlation  between Study Biomarkers in  Patients Women  

" Correlations study between High Sensitivity C- Reactive Protein, 

Human Interleukin-6 and Insulin resistance, when evaluating the data, 

Pearson's correlation coefficient (r), which measures the strength of a 

relationship between two variables, the describe as" 

low (0.2-0.39) 

moderate (0.4-0.69) 

high (0.7-0.89)  

"Shown in Tables (3.5)(3.6) the presence of an inverse link between the 

variables is indicated by a negative correlation coefficient value, whilst a 

positive correlation coefficient value implies a direct proportion between the 

variables [131]." 

"In the present study, significantly positive correlation between 

triglycerides and high sensitivity C-reactive protein. It is  findings  in line with 

a recent study byErhan Bozkurt et al.[132]. Another study conducted by Dewa 

AyuSwastini et al. in Indonesia demonstrated in patients with dyslipidemia, 
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high triglyceride levels are closely related to high levels of HS-CRP because 

they both correspond with the amount of atherosclerosis [133].It also due to the 

association of patients with both PCOS and insulin resistance with 

dyslipidemia and obesity [134]." 

"The study results also showed correlation of  interluken-6 with 

triglyceride is positive andnegative with HDL, and has a significant value. A 

previous study similar to our results was conducted by  Mert Küçük et al. also 

found  levels were considerably inversely connected with high-density 

lipoprotein(HDL) levels, but significantly favorably correlated with 

triglyceride levels,and deduced raise blood IL-6 levels may correlate with BMI 

and serum lipid levels and serve as a marker for the likelihood of developing 

cardiometabolic hazards in PCOS patients [96]." 

"It found the correlation betweentriglyceride and insulin resistance his a 

significant positive correlation in PCOS&IR group. According to the study 

correspond to the result current study,It was conducted by Dr. J Lord et al. was 

showed the most important factor associated with metabolic dysfunction in 

PCOS-affected individuals is visceral obesity. The presence of visceral fat 

either initiates insulin resistance or manifests as one of its very first symptoms. 

Furthermore, it suggests that decreasing visceral fat should also decrease 

insulin resistance, which could explain why exercise and weight loss seem to 

be more successful therapy than pharmacological ones [135].Another recent 

study also showed  a substantial positive link between TG and HOMA-IR 

index value using a Pearson linear correlation model and receiver operating 

characteristic (ROC) curve analyses [136]." 
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"The study also revealed the correlation between High Sensitivity C-

Reactive Protein and Human Interleukin-6 is a significant positive linear. 

Numerous studies in various groups of PCOS-afflicted womencongruent with 

the current study, Including a study by Christelle Chemaga Nkonpawa et al. 

and another study by Rudnicka et al. showed imply that PCOS is accompanied 

by a low-grade chronic inflammation [137, 138]. In fact, it appears that 

hyperandrogenism in PCOS-afflicted women causes adipocyte hypertrophy, 

which in turn stimulates nuclear factor kappa-B (NF-B), when this factor is 

activated, a number of inflammatory cytokines are released, which in turn 

encourage the liver to produce more CRP [139]. The disparity in HS-CRP levels 

can be attributed to the fact that the cytokine interleukin-6 is primarily 

responsible for controlling the transcriptional level of CRP induction in 

hepatocytes [140]." 

"The correlation of High Sensitivity C-Reactive Protein and insulin 

resistance did not show a significant value as shown in Table (3.6). This is 

consistent with the results of several studies [120, 128, 137]. These findings conflict 

with those of some other studies[138, 141]. This discrepancy may be the 

consequence of diverse population origins, or a difference of the collected 

samples,where prior research has only looked at individuals with polycystic 

ovarieswhereas the current study focused on PCOS&IR patients." 

"The correlation of Human Interleukin-6 and insulin resistance did not 

show a significant value as shown in Table (3.6). It is consistent with a recent 

study conducted in India by Soumik Goswami et al. [128].However, in a 

different investigation, they obtained different results, high IL-6 levels in 

PCOS were found to be  linked with insulin resistance (HOMA-IR) [93].There is 

still no consensus on IL-6 function in the emergence of T2DM. Although 

https://pubmed.ncbi.nlm.nih.gov/?term=Goswami%20S%5BAuthor%5D
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research suggests that IL-6 may be responsible for the disruption of insulin 

signaling in adipocytes in vitro, an in vivo demonstration of this finding has 

not been made. Further research is required in this area because it has been 

demonstrated that long-term IL-6 stimulation has no effect on skeletal muscle 

insulin resistance [142]." 

4.4 The Effect Age on Study Biomarkers in Patients Women  

"In the present study, The group of polycystic ovaries and insulin 

resistance patients was divided into two groups according to age (<30years 

and ≥ 30  years), showed that the results of patients ≥ 30 years old a 

significant increased the levels of both LDL, Cholesterol, High Sensitivity 

C-Reactive Protein, and Human  Interleukin-6,No significant value was 

found in Triglycerides, HDL and Insulin resistance, as shown in Tables (3.7) 

(3.8), The condition of women with PCOS might change with age [143].The 

prevalence of PCOS appears to decline with aging as the diagnostic criteria 

for PCOS may diminish or even normalize during the reproductive lifetime 

[144]. The most significant characteristics of PCOS  are irregular menstrual 

cycles, polycystic ovary morphology, and hyperandrogenism, which may 

alter by age, It is unknown how long has passed since the onset of a specific 

symptom before the disease has appeared [145]. In other several studies, it has 

been shownTriglycerides (TG), low-density lipoprotein cholesterol (LDL-

C), and total cholesterol (TC) were found to rise with aging in PCOS-

affected women[146-148]." 

"A study conducted in China by Zengwu Wang et al. examined the 

distribution of HS-CRP and its connection to known risk factors for CVD. 

Additionally, HS-CRP increase with age [149].Since polycystic ovary 
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syndrome and insulin resistance are important risk factors for cardiovascular 

diseases [150], the previous study is identical to the results of our study." 

"Several studies indicated the amount of IL-6 in the blood that is 

circulating rises with aging [151, 152], and may be harmful if it is increased for an 

extended length of time. In particular, IL-6 is strongly linked to a variety of 

vascular-mediated illnesses (such as cardiovascular disease and 

atherosclerosis) [153], that make people more susceptible to cerebrovascular 

accidents [154], and may expedite cognitive decline in aging adults [155]. while a 

study conducted by Beharka et al. 2001 showed that interleukin did not 

increase with age [156]." 

"In general, the risk of acquiring metabolic diseases and cardiovascular 

events increases with age. a malfunction in insulin action that is characterized 

by decreased whole-body tissue sensitivity to insulin without a change in tissue 

responsiveness may also be linked to aging [157]. According to a study 

conducted by Tehrani FR et al. found with  get old, the variations in this 

metabolic marker between PCOS patients and healthy controls became less 

noticeable[158] , it can be said that IR deteriorates in PCOS patients during the 

reproductive years, and this deterioration appears to be brought on by rising 

abdominal fat [159]." 

4.5 The Effect Body Mass Index (BMI) on Patients Women  

"The prevalence of obesity among women worldwide has increased 

2.5-fold from 6% to 15% over the past 40 years. Over a same period, there 

has been a corresponding rise in the prevalence of co-morbidities associated 

with obesity, of which there are more than 50 and which together represent a 

significant burden on both global health and socioeconomic development. 
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Insulin resistance, which results from weight increase, compensatory 

hyperinsulinaemia, and the associated metabolic dysfunction are major 

mediators in the development of many obesity-related diseases. The 

metabolic syndrome's symptoms, such as type 2 diabetes (T2D), 

dyslipidaemia, hypertension, and obesity-related cancers such endometrial 

carcinoma, as well polycystic ovarian syndrome. Usually throughout 

adolescence, weight increase causes PCOS to become clinically evident 

[160].As shown in Table (3.9), when comparing the Body Mass Index  group 

of polycystic ovary patients with insulin resistance and the healthy group has 

a significant value, and in the patients’ group, the dominant characteristic 

was obesity by 45%, as shown in Figure(3.3), This is a common finding 

among women with the syndrome, according to many studies that confirmed 

the current study findings [161-163]." 

"A study conducted by Al-Tu'ma F et al. showed that the 

physiological, hormonal, and metabolic symptoms of PCOS are made worse 

by obesity and abdominal fat accumulation, which a large number of 

females experience [164].Another studywas conducted by NiePolski L et al. 

discovered that one of the reasons people with PCOS gain weight or struggle 

to lose weight is because insulin cannot function properly. Numerous serious 

health complications might develop as a result of obesity, an increase in an 

ovulation and irregular ovarian cycles are indications of PCOS. The BMI 

may have an impact on endocrine and metabolic issues. As the condition 

develops and progresses, obesity has been linked to an increased risk of 

miscarriages, cardiovascular disease, and infertility [165]. According to a new 

study conducted by Sánchez-Ferrer ML et al. Stress, anxiety, personal 
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dissatisfaction and melancholy, are common in women with PCOS, may be 

exacerbated by by a change in body image brought on by weight gain [166]." 

4.6 The Effect of Blood Pressure onPatients Women  

"Elevated blood pressure is a component of the metabolic syndrome 

[105, 167], Abdominal obesity, insulin resistance, dyslipidemia, and a higher 

risk of the metabolic syndrome are all characteristics of women with PCOS 

and may raise the risk of cardiovascular disease (CVD) [167].Insulin 

resistance and hyperinsulinemia appear to be linked to an elevated risk for 

hypertension in PCOS women. Both diseases cause vascular muscle wall 

hypertrophy by interfering with endothelium-dependent vasodilatation 

processes [168]." 

"The study showed higher levels of blood pressure in Patients of 

PCOS and insulin resistance compared to the healthy group, as shown in 

Table (3.10). According to a recent studies whose findings matched those of 

the current investigation conducted by Mellembakken et al. showed the 

favorable correlation between blood pressure and waist and lipid status in 

PCOS-affected women highlights the value of metabolic screening in young, 

normal-weight PCOS patients [169], also SelçukÖzkan et al. in his studyshows 

that with PCOS have a higher frequency of hidden hypertension [170]. More 

than 30% of women with PCOS are thought to have blood pressure that is 

higher than 130/85 mmHg, and young women with PCOS have a roughly 

threefold greater risk of hypertension compared to controls [167, 170-173]. 

Accordingly, the most recent worldwide PCOS guideline advises that all 

women with PCOS should have their blood pressure checked at the time of 

diagnosis and then annually after that [148]." 

https://www.tandfonline.com/author/%C3%96zkan%2C+Sel%C3%A7uk
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4.7 The Effect of the Duration of the Disease 

"In the current study, a group of patients with polycystic ovarian 

disease and insulin resistance were separated into three groups based on the 

length of the disease: Patients with disease duration (2 years equal 

13patients), (2-5 years equal 16patients), and (>5 years equal 11patients) 

were compared with the levels of each of the high sensitivity C-reactive 

protein, interleukin-6 and insulin resistance, and showed there was no 

significant value. The duration of the disease was between 2-5 year  more 

prominent , in which the percentage of  levels of each of the high sensitivity 

C-reactive protein , interleukin-6 and insulin resistance increases, as shown 

in Figures (3.6)(3.7)(3.8)." 

"In a study by Hung et al., a subgroup analysis stratified by how long 

it had been after the PCOS diagnosis had occurred before the new-onset 

psychiatric problems had appeared was carried out. The findings showed 

that in the first year following a PCOS diagnosis, the incidence of depressive 

disorder, anxiety disorder, and sleep disturbance rose[174]." 
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5.1 Conclusions  

"The study arrived at the following conclusions:" 

1- "High levels of LDL, HDL, TG and decrease HDL are an indicator of 

atherosclerosis in polycystic ovarian and insulin resistant patients." 

2-"Elevation of the inflammatory factors interleukin-6 and high sensitivity 

C-reactive protein is an important predictor for the risk factor in polycystic 

ovarian and insulin resistance patients." 

3-"The greater the age, the more cholesterol, LDL, HS-CRP, IL-6, which 

increases the risk of infections and heart disease." 

4-"The body mass index for women with PCOS and insulin resistance is 

higher in obese women by 45%, overweight by 30% and normal by 25%." 

5-"High blood pressure in women with PCOS and insulin resistance is an 

indicator of many diseases." 
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5.2"Recommendations" 

1-"Conducting measurements of the lipid profile of women with polycystic 

ovaries and insulin resistance from time to time.2 

 

2- Conducting continuous examinations for inflammatory factors, especially 

in patients over 30 years old. 

 

3-It is recommended that are followed Healthy eating habits and exercise 

regularly to lose weight and reduce the risks of diseases produced by 

obesity and its consequences. 
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 الخلاصة

الغذائي والتناسلية ( واحدة من أكثر أمراض التمثيل PCOSتعد متلازمة تكيس المبايض )

انتشارًا. تعد عدم انتظام الدورة الشهرية وزيادة الأندروجين من الأعراض التي تعاني منها 

النساء المصابات بمتلازمة تكيس المبايض، ولهذه الأعراض تأثير سلبي كبير على نوعية 

السكري حياتهن. قد يكون لديهم فرصة أكبر للإصابة بعدد من الأمراض، مثل السمنة ومرض 

من النوع الثاني وأمراض القلب والأوعية الدموية والعقم والسرطان وقضايا الصحة العقلية 

أيض فشل في التحكم بوساطة الأنسولين في  و( هIRنسولين. مقاومة الأنسولين )ومقاومة الأ

لوكوز في الأنسجة، وهو الشكل الأكثر شيوعًا من متلازمة تكيس المبايض، ويتسبب في كلا

 إنتاج المزيد من الأندروجين، مما يؤدي إلى قلة الإباضة أو عدم التبويض.

صممت هذه الدراسة لتقييم مستويات بعض العوامل الالتهابية في متلازمة تكيس المبايض 

 40و 16امرأة تتراوح أعمارهن بين  80ومرضى مقاومة الأنسولين. اشتملت الدراسة على 

 امرأة 40وبات بتكيس المبايض ومقاومة الأنسولين، مريضة مصا 40، مقسمين إلى عامًا

 LDL الحيوية التاليةلدالاتقياس كل من ا ثم تم صحية،كمجموعة تحكم 

 ،Mindrayمن شركة BS-430ام جهاز باستخد CholesterolوTriglycerideوHDLو

. Mindrayمن شركةBS-200معالي الحساسية باستخدا Cبينما تم قياس البروتين التفاعلي 

. أظهرت نتائج التحليل Snibe شركةمن  MAGLUMI 800باستخدام  IL-6س قيا وتم

في LDL,HDL,TG,Cholesterol, HS-CRP,IL-6الإحصائي وجود فرق معنوي في

 LDL,Triglycerideحيث ارتفع كل من مقارنة بالمجموعة الضابطة ،  المريضات  النساء

 ,Cholesterol, HS-CRP, IL-6   وانخفضHDL تم العثور و. ريضاتفي مجموعة الم

ومقاومة الأنسولين، HS-CRP، IL-6من  وكل  Triglycerideعلى ارتباط إيجابي بين 

، وقد IL-6و HS-CRP، وعلاقة إيجابية بين كل منIL-6و HDLإلى ارتباط سلبي بين و

قد زادت لديهم  عام 30 اعمارهن فوقنساء المريضات الاتي أظهر أيضًا أن ال

الذين تقل  نساء المريضات مقارنةً بال LDL، Cholesterol, HS-CRP, IL-6مستويات

 ،Triglycerideالحيوية  فرقمعنوي كبير في دالاتعامًا. بينما لا توجد  30أعمارهم عن 

HDL  كما أظهرت النتائج وجود علاقة المريضات. الأنسولين فيما يتعلق بعمر ومقاومة



 

 

منة أكثر بروزًا في مجموعة وكانت الس الدراسة،معنوية في مؤشر كتلة الجسم في مجموعتي 

 المجموعتين، ولممقارنة بين  عند . وكذلك أظهر تأثير ضغط الدم وله قيمة معنويةيضات المر

 الأنسولين ومدة المرض. ومقاومة HS-CRP، IL-6تظهر علاقة معنوية بين

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 والبحث العلميوزارة التعليم العالي  

 جامعة كربلاء 

 كلية التربية للعلوم الصرفة 

 قسم الكيمياء    

 

تقييم مستويات بعض عوامل الالتهابات في مريضات متلازمة 

 تكيس المبايض ومقاومة الأنسولين

 

 ةرسال 

جامعة كربلاء كجزء من متطلبات الحصول \كلية التربية للعلوم الصرفة إلىمقدمة 

 على درجة الماجستير في الكيمياء

 من قبل

 زهراء عماد حسين 

 بأشراف 
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