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CHAPTER (I) 

INTRODUCTION 

   Polycystic ovarian syndrome (PCOS) is one of the most 

common endocrine disorders among females. PCOS has a diverse range 

of causes that are not entirely understood, but there is strong evidence 

that it is largely a genetic disease (Kollmann et al., 2014). PCOS 

produces symptoms in approximately 5% to 10% of women of 

reproductive age. It is thought to be one of the leading causes of female 

subfertility and the most frequent endocrine problem in women of 

reproductive age (Sagodi et al., 2013). 

          PCOS is associated with a number of reproductive disorders and is 

characterized by the presence of polycystic ovaries, menstrual 

dysfunction, infertility or reduced fertility, and biochemical or clinical 

hyperandrogenism. It also, increases the prevalence and risk of a number 

of cardio metabolic disturbances including insulin resistance (IR), 

hypertension, dyslipidemia and diabetes (Ehrmann et al., 2006). It has 

been demonstrated that elevated levels of phosphorus and parathyroid 

hormone (PTH) might be involved in the pathogenesis of the syndrome, 

possibly through their effects on insulin levels and IR. In women with 

PCOS, phosphorus was correlated negatively with insulin and IR and 

positively with vitamin D (Mahmoudi et al., 2010). 

 Endocrine characteristics of PCOS are elevated serum 

concentration of androgen and luteinizing hormone (LH) and decrease 

concentration of sex hormone binding globulin (SHBG). The anovulation  

 

http://en.wikipedia.org/wiki/Endocrine
http://en.wikipedia.org/wiki/Genetic_disease
http://en.wikipedia.org/wiki/Female_subfertility
http://en.wikipedia.org/wiki/Female_subfertility
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is associated with disturbance in the feedback from ovarian steroid 

hormones to the hypothalamus and pituitary which resulting in 

disturbances of the pulsatile of gonadotropin releasing hormone (GnRH), 

also known as luteinizing hormone-releasing hormone and luliberin, is a 

trophic peptide hormone responsible for the release of follicular-

stimulating hormone (FSH) and LH from the anterior pituitary gland 

)Sirmans and Pate, 2013(.                                                    

         The principal features of PCOS are anovulation, resulting in 

irregular menstruation, amenorrhea, ovulation-related infertility and 

polycystic ovaries; excessive amounts or effects of androgenic 

(Masculinizing) hormones resulting in acne, hirsutism and IR, often 

associated with obesity, type 2 diabetes and high cholesterol levels. The 

symptoms and severity of the syndrome vary greatly among affected 

women (Carmina, 2012). 

         PCOS is frequently associated with obesity, with at least 50% of 

women with PCOS demonstrating overweight or obesity defined by body 

mass index (BMI) > 25 or >30 kg/m
2
. Overweight and obesity impact the 

clinical reproductive and metabolic features of the syndrome. Long-term 

complications of obesity such as cardiovascular risk and diabetes, as well 

as, those over the short term in reproductive function, are significantly 

improved by lifestyle modification (Hoeger, 2007). 

         Obese women with PCOS have a characteristic distribution of a 

central pattern of body fat known as android obesity in which fat 

deposited in the abdominal wall and visceral mesenteric area. This fat is 

more sensitive to catecholamine and less sensitive to insulin. In addition 

women with higher waist/hip ratio have higher total androgen and lower 

SHBG level (Dunaif et al., 2007).   

http://en.wikipedia.org/wiki/Trophic_hormone
http://en.wikipedia.org/wiki/Peptide
http://en.wikipedia.org/wiki/Hormone
http://en.wikipedia.org/wiki/Follicle-stimulating_hormone
http://en.wikipedia.org/wiki/Follicle-stimulating_hormone
http://en.wikipedia.org/wiki/Anterior_pituitary
http://www.ask.com/wiki/Anovulation?qsrc=3044
http://www.ask.com/wiki/Menstruation?qsrc=3044
http://www.ask.com/wiki/Amenorrhea?qsrc=3044
http://www.ask.com/wiki/Androgen?qsrc=3044
http://www.ask.com/wiki/Acne?qsrc=3044
http://www.ask.com/wiki/Hirsutism?qsrc=3044
http://www.ask.com/wiki/Insulin_resistance?qsrc=3044
http://www.ask.com/wiki/Obesity?qsrc=3044
http://www.ask.com/wiki/Type_2_diabetes?qsrc=3044
http://www.ask.com/wiki/Hypercholesterolemia?qsrc=3044
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          Obesity is considered to be a risk factor for hypovitaminosis D. 

vitamin D is deposited in adipose fat tissues, making it unavailable for the 

body to use; as a result, people who are overweight are already highly 

expected to have low levels of serum vitamin D (Wamberg et al., 2013). 

A number of cross-sectional studies have evidenced the association 

between obesity, hypovitaminosis D and PCOS (Selimoglu et al., 2010). 

 

The effects of vitamin D are mediated via both genetic and cellular 

pathways. Vitamin D regulates gene transcription through nuclear 

vitamin D receptor (VDR) that is distributed across various tissues, 

including skeleton, parathyroid glands and the ovaries. The relationship 

between vitamin D and sex hormones is complicated, because it is partly 

compensated by various mechanisms; for example, low serum vitamin D 

levels by calcium mobilization due to elevated PTH (Blomberg, 2012). 

Combination of vitamin D deficiency and dietary calcium insufficiency 

(because serum calcium regulates PTH release) may be largely 

responsible for the metabolic and endocrinal abnormalities associated 

with PCOS. Vitamin D sufficiency is more important than high calcium 

intake at maintaining desired values of PTH (Steingrimsdottir et al., 

2005). 

         Vitamin D deficiency occurs in a very high percentage of women 

with PCOS, over 70%, and appears to be a contributing factor to some of 

the biochemical abnormalities seen in the condition such as, irregular 

menstruation and infertility. Increasing vitamin D levels has been shown 

to improve insulin sensitivity and help in the treatment of obesity. 

Researchers have found that low vitamin D levels correlate with the 

occurrence and severity of belly fat, weight gain, high blood pressure, 
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elevated blood sugar levels, IR, elevated insulin levels, elevated 

triglycerides and high cholesterol levels (Hahn et al., 2006). 

         Studies regarding vitamin D status in women with PCOS show an 

inverse correlation between vitamin D levels and metabolic risk factors, 

e.g. IR, BMI, waist-hip-ratio, triglycerides, total testosterone, 

dehydroepiandrosterone (DHEA) and a positive correlation with insulin 

sensitivity (Li et al., 2011). Data on the role of gene variants involved in 

vitamin D metabolism in PCOS are sparse but suggest an association of 

VDR and vitamin D level-related variants with metabolic and endocrine 

parameters in women with PCOS through their effect on LH, SHBG 

levels and testosterone which are involved in the pathogenesis of PCOS 

(Wehr et al., 2011). 

          Vitamin D has a biologically plausible role in female 

reproduction. In human ovarian tissue, vitamin D stimulates progesterone 

production by 13%, estradiol production by 9% and estrogen production 

by 21% (Parikh et al., 2010). There is some evidence suggesting that 

vitamin D deficiency might be involved in the pathogenesis of IR, the 

endocrine parameters and fertility in PCOS (Ngo et al., 2011). 

         The treatment of PCOS and its complications should not be based 

solely on pharmacological therapies trying to improve hyperandrogenism, 

hyperinsulinemia and IR. Dietary and educational counseling, exercise 

training, stress management and psychological support, might represent 

the gold standard for treating women with PCOS (Stefano et al., 2008). 

Women with PCOS require long-term pharmacological treatment, which 

is usually effective but has negative side effects (Dronavalli and 

Ehrmann, 2007). Alternative therapies are often used for menstrual 

disorders and fertility problems, such as ultraviolet (UV); this therapy has 
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few negative side effects, but its efficacy is not well established (Ngo et 

al., 2011). 

While no randomized control trials have examined the effect of 

vitamin D and/or calcium supplementation in women with PCOS, several 

small trials have demonstrated some improvements in PCOS women with 

vitamin D and calcium treatment. Thys-Jacobs et al., (1999) 

demonstrated that calcium and vitamin D (1500mg supplement) treatment 

normalized menstrual cycles in 54% (7/13) of women with PCOS. In 

another study of 15 PCOS women, insulin secretion was improved with 

vitamin D treatment. A pilot study in which women were treated with 

metformin, calcium, and vitamin D, improved number of dominant 

follicles >14mm was observed (Rashidi et al., 2009). 

UV is an electromagnetic energy which falls between visible rays 

and x-rays and have wavelength between 10 nm and 400 nm. It is divided 

into: UVA (Wavelength 315-400 nm), UVB (Wavelength 280-315 nm) 

and UVC (Wavelength below 280 nm) (Diffey, 2002). Vitamin D is 

formed in the skin, by the action of UVB and UVC on 7-

dehydrocholesterol. It has been understood for many years that, exposure 

to artificial UV or artificial sun light is curative for vitamin D 

deficiencies, when UV rays are absorbed in the skin, it converts 7-

dehydrocholesterol into vitamin D (Cicarma et al., 2010). 

Purpose of the study : - 

         This study was conducted to determine the effect of ultraviolet 

(UV) radiation on female sex hormones in obese polycystic ovarian 

women. 
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CHAPTER (II) 

REVIEW OF LITERATURE 

Anatomy of the ovary 

The ovary is an ovum-producing reproductive organ, often found in 

pairs as part of the female reproductive system. In the case of human ovaries, 

each one is whitish in color and located alongside the lateral wall of the 

uterus in a region called the ovarian fossa. The fossa usually lies beneath 

the external iliac artery and in front of the ureter and the internal iliac artery. It 

is about 4 cm x 3 cm x 2 cm in size (Daftary and Chakravarti, 2011) 

Usually each ovary takes turns releasing an egg each month; 

however, if there was a case where one ovary was absent or dysfunctional 

then the other ovary would continue providing eggs to be released. In the 

human the paired ovaries lie within the pelvic cavity, on either side of the 

uterus, to which they are attached via a fibrous cord called the ovarian 

ligament. The ovaries are uncovered in the peritoneal cavity but are attached 

to the wall of the pelvis via the suspensory ligament of the ovary. The part of 

the broad ligament of the uterus that covers the ovary is known as 

the mesovarium. The ovary is thus considered an intraperitoneal organ 

(Brown and Russell, 2013). 

There are two extremities to the ovary: 

• The end to which the fallopian tube attaches is called the tubal extremity 

and ovary is connected to it by infundibulopelvic ligament.  

  • The other extremity is called the uterine extremity. It points 

downward, and it is attached to the uterus via the ovarian ligament 

(Daftary and Chakravarti, 2011). 

http://en.wikipedia.org/wiki/Ovum
http://en.wikipedia.org/wiki/Female
http://en.wikipedia.org/wiki/Reproductive_system
http://en.wikipedia.org/wiki/Ovarian_fossa
http://en.wikipedia.org/wiki/External_iliac_artery
http://en.wikipedia.org/wiki/Ureter
http://en.wikipedia.org/wiki/Internal_iliac_artery
http://en.wikipedia.org/wiki/Ovarian_ligament
http://en.wikipedia.org/wiki/Ovarian_ligament
http://en.wikipedia.org/wiki/Peritoneal_cavity
http://en.wikipedia.org/wiki/Suspensory_ligament_of_the_ovary
http://en.wikipedia.org/wiki/Broad_ligament_of_the_uterus
http://en.wikipedia.org/wiki/Mesovarium
http://en.wikipedia.org/wiki/Fallopian_tube
http://en.wikipedia.org/wiki/Infundibulopelvic_ligament
http://en.wikipedia.org/wiki/Ovarian_ligament
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The structure of the ovaries is follicular cells-flat epithelial cells- 

that originate from surface epithelium covering the ovary. Granulosa cells 

-surrounding follicular cells- have changed from flat to cuboidal and 

proliferated to produce a stratified epithelium. Gametes, the outermost 

layer is called the germinal epithelium. The ovarian cortex consists of 

ovarian follicles and stroma in between them. Included in the follicles are 

the cumulus oophorus, membrana granulosa (and the granulosa cells 

inside it), corona radiata, zona pellucida, and primary oocyte. The zona 

pellucida, theca of follicle, antrum and liquor folliculi also contained in 

the follicle. Also in the cortex is the corpus luteum derived from the 

follicles. The inner most layer is the ovarian medulla. It can be hard to 

distinguish between the cortex and medulla, but follicles are usually not 

found in the medulla. The ovary also contains blood vessels and 

lymphatics (Ross and Pawlina, 2011).          

The ovaries are the site of production and periodical release of egg 

cells, the female gametes. In the ovaries, the developing egg cell 

(or oocyte) grows within the environment provided by follicles. Follicles 

are composed of different types and number of cells according to the 

stage of their maturation, and their size is indicative of the stage of oocyte 

development (Ross and Pawlina, 2011).   

When the oocyte finishes its maturation in the ovary, a surge of LH 

secreted by the pituitary gland stimulates the release of the oocyte 

through the rupture of the follicle, a process called ovulation. The follicle 

remains functional and reorganizes into a corpus luteum, which secretes 

progesterone in order to prepare the uterus for an eventual implantation of 

the embryo (Melmed et al., 2011). 

 

http://en.wikipedia.org/wiki/Ovarian_follicle
http://en.wikipedia.org/wiki/Granulosa_cell
http://en.wikipedia.org/wiki/Gametes
http://en.wikipedia.org/wiki/Germinal_epithelium_(female)
http://en.wikipedia.org/wiki/Cortex_(anatomy)
http://en.wikipedia.org/wiki/Ovarian_follicles
http://en.wikipedia.org/wiki/Stroma_of_ovary
http://en.wikipedia.org/wiki/Cumulus_oophorus
http://en.wikipedia.org/wiki/Membrana_granulosa
http://en.wikipedia.org/wiki/Granulosa_cells
http://en.wikipedia.org/wiki/Corona_radiata_(embryology)
http://en.wikipedia.org/wiki/Zona_pellucida
http://en.wikipedia.org/wiki/Primary_oocyte
http://en.wikipedia.org/wiki/Theca_of_follicle
http://en.wikipedia.org/wiki/Follicular_antrum
http://en.wikipedia.org/wiki/Liquor_folliculi
http://en.wikipedia.org/wiki/Corpus_luteum
http://en.wikipedia.org/wiki/Ovarian_medulla
http://en.wikipedia.org/wiki/Blood_vessel
http://en.wikipedia.org/wiki/Lymphatics
http://en.wikipedia.org/wiki/Egg_cell
http://en.wikipedia.org/wiki/Egg_cell
http://en.wikipedia.org/wiki/Oocyte
http://en.wikipedia.org/wiki/Ovarian_follicles
http://en.wikipedia.org/wiki/Folliculogenesis
http://en.wikipedia.org/wiki/Pituitary_gland
http://en.wikipedia.org/wiki/Ovulation
http://en.wikipedia.org/wiki/Corpus_luteum
http://en.wikipedia.org/wiki/Progesterone
http://en.wikipedia.org/wiki/Uterus
http://en.wikipedia.org/wiki/Implantation_(human_embryo)
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Menstrual cycle ànd ovulation 

The menstrual cycle is the cycle of natural changes that occurs in 

the uterus and ovary as an essential part of making sexual reproduction 

possible (Silverthorn, 2013). Its timing is governed by endogenous 

(internal) biological cycles. The menstrual cycle is essential for the 

production of eggs, and for the preparation of the uterus for pregnancy 

(Sherwood, 2013).  

In humans, the length of a menstrual cycle varies greatly among 

women (ranging from 21 to 35 days), with 28 days designated as the 

average length. Each cycle can be divided into three phases based on 

events in the ovary (ovarian cycle) or in the uterus (uterine cycle).The 

ovarian cycle consists of the follicular phase, ovulatory, and luteal phase 

whereas the uterine cycle is divided into menstrual, proliferative, and 

secretory phase. Both cycles are controlled by the endocrine system and 

the normal hormonal changes that occur can be interfered with using 

hormonal contraception to prevent reproduction (Klump et al., 2013).  

By convention, the length of an individual menstrual cycle in days 

is counted starting with the first day of menstrual bleeding. Stimulated by 

gradually increasing amounts of estrogen in the follicular phase, 

discharges of blood (menses) flow then stop, and the lining of the uterus 

thicken. Follicles in the ovary begin developing under the influence of a 

complex interplay of hormones, and after several days one or 

occasionally two become dominant (non-dominant follicles atrophy and 

die). Approximately mid-cycle, 24–36 hours after the LH surges, the 

dominant follicle releases an ovum, or egg, in an event called ovulation. 

After ovulation, the egg only lives for 24 hours or less without 

fertilization while the remains of the dominant follicle in the ovary 

http://en.wikipedia.org/wiki/Menstrual_cycle
http://en.wikipedia.org/wiki/Uterus
http://en.wikipedia.org/wiki/Ovary
http://en.wikipedia.org/wiki/Sexual_reproduction
http://en.wikipedia.org/wiki/Endogenous
http://en.wikipedia.org/wiki/Follicular_phase
http://en.wikipedia.org/wiki/Ovulation
http://en.wikipedia.org/wiki/Luteal_phase
http://en.wikipedia.org/wiki/Menstruation
http://en.wikipedia.org/wiki/Hormonal_contraception
http://en.wikipedia.org/wiki/Estrogen
http://en.wikipedia.org/wiki/Endometrium
http://en.wikipedia.org/wiki/Ovarian_follicle
http://en.wikipedia.org/wiki/Luteinizing_Hormone
http://en.wikipedia.org/wiki/Ovum
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become a corpus luteum; this body has a primary function of producing 

large amounts of progesterone. Under the influence of progesterone, the 

endometrium (uterine lining) changes to prepare for potential 

implantation of an embryo to establish a pregnancy. If implantation does 

not occur within approximately two weeks, the corpus luteum will 

involute, causing sharp drops in levels of both progesterone and estrogen. 

The hormone drop causes the uterus to shed its lining and egg in a 

process termed menstruation (Widmaier et al., 2010). 

Ovulation is the second phase of the ovarian cycle in which a 

mature egg is released from the ovarian follicles into the oviduct. During 

the follicular phase, estradiol suppresses production of LH from 

the anterior pituitary gland. When the egg has nearly matured, levels 

of estradiol reach a threshold above which this effect is reversed and 

estrogen stimulates the production of a large amount of LH. This process, 

known as the LH surge, starts around day 12 of the average cycle and 

may last 48 hours (Lentz et al., 2013). 

The release of LH matures the egg and weakens the wall of the 

follicle in the ovary, causing the fully developed follicle to release its 

secondary oocyte. The secondary oocyte promptly matures into an ootid 

(the immature ovum form shortly after fertilization, but before complete 

maturation into an ovum), and then becomes a mature ovum. The mature 

ovum has a diameter of about 20 mm (Losos et al., 2002). 

After being released from the ovary, the egg is swept into the 

fallopian tube by the fimbria, which is a fringe of tissue at the end of each 

fallopian tube. After about a day, an unfertilized egg will disintegrate or 

dissolve in the fallopian tube (Ecochard and Gougeon, 2000). 

 

http://en.wikipedia.org/wiki/Corpus_luteum
http://en.wikipedia.org/wiki/Progesterone
http://en.wikipedia.org/wiki/Implantation_(human_embryo)
http://en.wikipedia.org/wiki/Pregnancy
http://en.wikipedia.org/wiki/Estradiol
http://en.wikipedia.org/wiki/Anterior_pituitary_gland
http://en.wikipedia.org/wiki/Estradiol
http://en.wikipedia.org/wiki/Secondary_oocyte
http://en.wikipedia.org/wiki/Ootid
http://en.wikipedia.org/wiki/Ovum
http://en.wikipedia.org/wiki/Fallopian_tube
http://en.wikipedia.org/wiki/Fimbria_(female_reproductive_system)
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Polycystic ovarian syndrome (PCOS) 

PCOS also, called hyperandrogenic anovulation (HA), or Stein-

Leventhal syndrome constitutes the most common endocrinopathy of 

women of reproductive age. PCOS is a very complex endocrine 

condition, making its diagnosis a difficult and challenging task in 

everyday clinical practice (Macut et al., 2013).  

A variety of clinical symptoms were observed, such as obesity, 

hirsutism, acne, and amenorrhea, all of which were associated with 

enlarged bilateral polycystic ovaries. These distinctive features, 

displaying a varying degree of expression in each case, emphasize the 

phenotypic variability of PCOS and, in fact, explain why it is defined as a 

syndrome and not a disease (Livadas and Diamanti- Kandarakis, 

2013). 

          A syndrome is a cluster of symptoms, which cannot be explained 

under the prism of a common etiologic factor or a unifying 

pathophysiological pathway. Furthermore, the fact that hormones act in 

almost all tissues but at a different rate, this depending on their receptor 

function and post-receptor signaling, accounts to a considerable degree 

for the variety of clinical expression observed in hormonal disorders and 

metabolic aberrations. This situation is further complicated in PCOS in 

which more than one hormone secretion is modified. More specifically, 

women with PCOS manifest hyperandrogenemia, hyperinsulinemia, and 

hypothalamic- pituitary-ovarian axis aberrations, as well as, adipose 

tissue dysfunctional adipokine secretion, all of which interact in different 

tissues (fat, liver, muscle and ovaries), thus leading to a variety of 

phenotypes (Macut et al., 2013). 
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Four different phenotypes of PCOS are now identified:     

• Type A: hyperandrogenism, chronic anovulation and polycystic       

ovaries. 

• Type B: hyperandrogenism and chronic anovulation.  

• Type C: hyperandrogenism and polycystic ovaries.  

• Type D: chronic anovulation and polycystic ovaries (Macut et al., 

2013). 

The prevalence of PCOS varies depending on the diagnostic 

criteria used. PCOS is one of the most common causes of infertility due to 

anovulation, affects 4–8% of women. According to the National Institutes of 

Health (NIH), basic diagnostic criteria should be the presence of 

hyperandrogenism and chronic oligo-anovulation, with the exclusion of other 

causes of hyperandrogenism such as, adult-onset congenital adrenal 

hyperplasia (CAH), hyperprolactinemia and androgen secreting neoplasms. 

The pathophysiology of PCOS may have a genetic component although it can 

be suggested that the main factors responsible for the increasing prevalence of 

the PCOS are related to the influence of the environment, including dietary 

habits, behavior and other still undefined factors (Sirmans and Pate, 2013). 

PCOS is a common condition characterized by menstrual 

abnormalities and clinical or biochemical features of hyperandrogenism. 

Features of PCOS may manifest at any age ranging from childhood 

(Premature puberty), teenage years (Hirsutism & menstrual 

abnormalities), early adulthood and middle life (Infertility & glucose 

intolerance) to later life (Diabetes mellitus & cardiovascular diseases), so 

this common condition may have multi-system complications across the 

life span (Dewailly et al., 2011). 
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Signs and symptoms of PCOS 

PCOS is characterized by numerous, small (<1 cm), peripheral 

cysts that are located throughout the cortex of the ovary. The ovaries may 

be slightly larger than normal; however, the ovarian stroma is 

hypertrophic. Often, the fibrous capsule surrounding the ovary is 

prominent. Usually the ovaries are enlarged symmetrically and the shapes 

change from ovoid to spherical. Ovarian volume can increase by as much 

as 6 ml (Fulghesu et al., 2007). 

Menstrual disorders: PCOS mostly produces oligomenorrhea (few 

menstrual periods) or amenorrhea (no menstrual periods), but other types 

of menstrual disorders may also occur. Infertility: This generally results 

directly from chronic anovulation (lack of ovulation) (Teede et al., 

2010). 

High levels of masculinizing hormones: The most common signs 

are acne and hirsutism (male pattern of hair growth), but it may produce 

hypermenorrhea (heavy and prolonged menstrual periods), androgenic 

alopecia (increase hair thinning or diffuse hair loss), or other symptoms. 

Approximately three-quarters of women with PCOS have evidence 

of hyperandrogenemia (Huang et al., 2010). 

Hirsutism typically starts in the decade between 15 and 25 years 

and progresses slowly to become noticeable after 1 year from its onset. 

Virilization (e.g. clitoromegaly, temporal baldness, deepening of voice or 

increase in muscle mass) is very rare in PCOS and should be investigated 

to exclude other causes (Chang, 2007). 

Metabolic syndrome: This appears as a tendency towards central 

obesity and other symptoms associated with IR. Serum insulin, IR, 
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and homocysteine levels are higher in women with PCOS (Nafiye et al., 

2010). A high level of homocysteine in the blood 

(hyperhomocysteinemia) makes a person more prone to endothelial 

cell injury, which leads to inflammation in the blood vessels, which in 

turn may lead to atherogenesis, which can result in ischemic injury. 

Hyperhomocysteinemia has been correlated with the occurrence of blood 

clots, heart attacks and strokes. It has also been associated with early 

pregnancy loss (Martí-Carvajal et al., 2015). 

Acanthosis nigricans is a non-specific cutaneous marker of 

moderate to severe IR, which is found in some cases of PCOS and is 

more common among obese PCOS women. It is characterized by patchy, 

hyperpigmented skin changes affecting the neck, axillae, underneath the 

breasts, body folds, extensor surfaces of the joints and vulva (Ehrmann, 

2005). 

Etiology of PCOS 

  Causes of PCOS: 

1) Genetic predisposition. 

 2) Strong stimulation in adrenals in childhood.  

3) Raised insulin levels.  

4) Contraceptive pills & Fast food consumption. 

 5) Hormonal imbalance.  

6) Stress & Lack of physical exercise (Usadi and Legro,  2012). 

Infertility in PCOS women is due to oligo-ovulation or 

anovulation. PCOS is mainly a cause of oligo-ovulation rather than 
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anovulation. From time to time, due to unknown reasons, a follicle 

becomes dominant and can escape from the inhibitory intraovarian effect 

and proceed to ovulation and formation of corpus luteum. Because of 

these random episodes of ovulation, fertility rates in PCOS women 

without treatment are not zero, even though they are lower than in healthy 

ovulating women. In addition, some PCOS women have regular ovulation 

and normal fertility despite the presence of biochemical 

hyperandrogenemia or clinical manifestations of hyperandrogenemia 

(Livadas and Diamanti- Kandarakis, 2013). 

Five theories have been proposed for the explanation of 

anovulation in PCOS: (a) the theory of auto-inhibitory effect on the 

reservoir of available for selection follicles due to their excessive number, 

(b) the theory of the premature effect of LH on the granulosa cells of the 

available for selection follicles, (c) the theory of follicular 

unresponsiveness due to the presence of IR and compensatory 

hyperinsulinemia, (d) the theory of increased activity of 

catecholomethyltransferase in the granulose cells of the follicles, (e) the 

theory of oocyte abnormalities and (f) the theory of elevated anti-

müllerian hormone (AMH) is expressed by granulosa cells of the ovary 

during the reproductive years, and limits the formation of primary 

follicles by inhibiting excessive follicular recruitment by FSH (Dewailly 

et al., 2014b). 

A substantial proportion of PCOS women is obese and has the 

metabolic syndrome. These two disorders reduce considerably the 

functionality of the reproductive system. The precise pathophysiologic 

pathway through which obesity exerts its detrimental action is unclear. 

However, clinical studies suggest that obesity has adverse effects on all 

the levels of the hypothalamus-pituitary-ovary axis. Indeed, obesity 
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affects ovulation, oocyte maturation, endometrial development, uterine 

responsiveness and fetal implantation and miscarriage. Accordingly, 

weight loss represents the treatment of choice in obese women with 

infertility (Livadas and Diamanti- Kandarakis, 2013). 

Pathogenesis of PCOS 

PCOS develops when the ovaries are stimulated to produce 

excessive amounts of male hormones (androgens), in particular 

testosterone, by either one or a combination of the following (almost 

certainly combined with genetic susceptibility):   

• The release of excessive LH by the anterior pituitary gland 

• Through high levels of insulin in the blood (hyperinsulinemia) in 

women whose ovaries are sensitive to this stimulus (Strauss, 2003). 

The syndrome acquired its most widely used name due to the 

common sign on ultrasound examination of multiple (poly) ovarian cysts. 

These "cysts" are actually immature follicles not cysts. The follicles have 

developed from primordial follicles, but the development has stopped 

(“arrested”) at an early antral stage due to the disturbed ovarian function. 

The follicles may be oriented along the ovarian periphery, appearing as a 

ʻstring of pearlsʼ on ultrasound examination. Women with PCOS 

experience an increased frequency of hypothalamic GnRH pulses, which 

in turn results in an increase in the LH/FSH ratio (Fulghesu et al., 2007). 

A majority of people with PCOS have IR and/or are obese. Their 

elevated insulin levels contribute to or cause the abnormalities seen in the 

hypothalamic-pituitary-ovarian axis that lead to PCOS. Hyperinsulinemia 

increases GnRH pulse frequency, LH over FSH dominance, increased 

ovarian androgen production (Teede et al., 2010), decreased follicular 
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maturation, and decreased SHBG; all these steps contribute to the 

development of PCOS. IR is a common finding among women with a 

normal weight, as well as, overweight women (Nafiye et al., 2010). 

In many cases, PCOS is characterized by a complex positive 

feedback loop of IR and hyperandrogenism. In most cases, it cannot be 

determined which of those two should be regarded causative. Adipose 

tissue possesses aromatase, an enzyme that converts androstenedione to 

estrone and testosterone to estradiol. The excess of adipose tissue in 

obese women creates the paradox of having both excess androgens 

(which are responsible for hirsutism and virilization) and estrogens 

(which inhibits FSH via negative feedback) (Dewailly et al., 2014a). 

PCOS may be associated with chronic inflammation, with several 

investigators correlating inflammatory mediators with anovulation and 

other PCOS symptoms. Similarly, there seems to be a relation between 

PCOS and increased level of oxidative stress (González et al., 2006).  

It has been suggested that the excessive androgen production in 

PCOS could be caused by a decreased serum level of Insulin-like growth 

factor-binding protein1 (IGFBP-1) also known as placental protein 12 

which is a protein that in humans is encoded by the IGFBP1 gene. This 

gene is a member of the IGFBP family. The protein binds both insulin-

like growth factors (IGFs) I and II and circulates in the plasma. Binding 

of this protein prolongs the half-life of the IGFs and alters their 

interaction with cell surface receptors, in turn increasing the level of 

free Insulin-like growth factor-1 (IGF-1), also called somatomedin C, is 

a protein that in humans is encoded by the IGF-1 gene. IGF-1 is 

a hormone similar in molecular structure to insulin. It plays an important 

role in childhood growth and continues to have anabolic effects in adults. 
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IGF-1 stimulates ovarian androgen production, but recent data concludes 

this mechanism to be unlikely. PCOS has also been associated with a 

specific fragile X mental retardation 1 (FMR1 sub-genotype) which is 

a human gene that codes for a protein called fragile X mental retardation 

protein (FMRP). This protein, most commonly found in the brain, is 

essential for normal cognitive development and female reproductive 

function. Mutations of this gene can lead to fragile X syndrome, mental 

retardation, premature ovarian failure, autism, Parkinson's disease, 

developmental delays and other cognitive deficits. The research suggests 

that women with heterozygous-normal/low FMR1 have polycystic-like 

symptoms of excessive follicle-activity and hyperactive ovarian function 

(Kelly et al., 2010). 

Risks of PCOS 

Women with PCOS are at risk for endometrial hyperplasia and 

endometrial cancer are possible, due to over accumulation of uterine 

lining, and also lack of progesterone resulting in prolonged stimulation of 

uterine cells by estrogen. Also, dyslipidemia (disorders of lipid 

metabolism- cholesterol and triglycerides), cardiovascular disease, 

strokes, weight gain, miscarriage, autoimmune thyroiditis are reported in 

women with PCOS (Boomsma et al., 2008; Goldenberg and Glueck, 

2008; and Unfer   et al., 2008). 

Diagnosis of PCOS 

Not everyone with PCOS has polycystic ovaries, nor does 

everyone with ovarian cysts have PCOS; although a pelvic ultrasound is a 

major diagnostic tool, it is not the only one. The diagnosis is straight 

forward using the Rotterdam (ESHRE/ASRM)/2004 criteria (Requires 

http://en.wikipedia.org/wiki/FMR1
http://en.wikipedia.org/wiki/Human
http://en.wikipedia.org/wiki/Gene
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Cognitive_development
http://en.wikipedia.org/wiki/Fragile_X_syndrome
http://en.wikipedia.org/wiki/Premature_ovarian_failure
http://en.wikipedia.org/wiki/Autism
http://en.wikipedia.org/wiki/Parkinson%27s_disease
http://en.wikipedia.org/wiki/Pelvic_ultrasound


27 

 

the presence of at least two criteria) Even when the syndrome is 

associated with a wide range of symptoms (Marrinan, 2011). 

1. Hyperandrogenism (clinical and/or biochemical) 

          2. Ovulatory dysfunction  

3. Polycystic ovarian morphology  

Standard diagnostic assessments:  

History taking: specifically for menstrual pattern, obesity, 

hirsutism and acne. A clinical prediction rule found that these four 

questions can diagnose PCOS with a sensitivity of 77.1% (Pedersen et 

al., 2007). 

Gynecologic ultrasonography: specifically looking for small 

ovarian follicles. These are believed to be the result of disturbed ovarian 

function with failed ovulation, reflected by the infrequent or absent 

menstruation that is typical of the condition. In a normal menstrual cycle, 

one egg is released from a dominant follicle in essence, a cyst that bursts 

to release the egg. After ovulation, the follicle remnant is transformed 

into a progesterone-producing corpus luteum, which shrinks and 

disappears after approximately 12–14 days. In PCOS, there is a so-called 

"follicular arrest"; i.e., several follicles develop to a size of 5–7 mm, but 

not further. No single follicle reaches the preovulatory size (16 mm or 

more). According to the Rotterdam criteria, 12 or more small follicles 

should be seen in an ovary on ultrasound examination (Fulghesu et al., 

2007).  

More recent research suggests that there should be at least 25 

follicles in an ovary to designate it as having polycystic ovarian 

http://en.wikipedia.org/wiki/Clinical_prediction_rule
http://en.wikipedia.org/wiki/Sensitivity_(tests)
http://en.wikipedia.org/wiki/Gynecologic_ultrasonography
http://en.wikipedia.org/wiki/Ovarian_follicles
http://en.wikipedia.org/wiki/Menstrual_cycle
http://en.wikipedia.org/wiki/Progesterone
http://en.wikipedia.org/wiki/Corpus_luteum


28 

 

morphology in women aged 18–35 years. The follicles may be oriented in 

the periphery, giving the appearance of a ʻstring of pearlsʼ. If a high 

resolution transvaginal ultrasonography machine is not available, an 

ovarian volume of at least 10 ml is regarded as an acceptable definition of 

having polycystic ovarian morphology instead of follicle count. 

Laparoscopic examination may reveal a thickened, smooth, pearl-white 

outer surface of the ova (This would usually be an incidental finding if 

laparoscopy were performed for some other reason, as it would not be 

routine to examine the ovaries in this way to confirm a diagnosis of 

PCOS) (Dewailly et al., 2014a).  

Serum levels of androgens (male hormones), including 

androstenedione and testosterone may be elevated (Teede et al., 2010). 

Dehydroepiandrosterone sulfate (DHEA-S) levels above 700-800 µg/dl 

are highly suggestive of adrenal dysfunction because DHEA-S is made 

exclusively by the adrenal glands (Sharquie et al, 2007). The free 

testosterone level is thought to be the best measure, with 60% of PCOS 

women demonstrating supranormal levels. The free androgen index (FAI) 

of the ratio of testosterone to  SHBG is high and is meant to be a 

predictor of free testosterone, but is a poor parameter for this and is no 

better than testosterone alone as a marker for PCOS, possibly because 

FAI is correlated with the degree of obesity ( Huang et al., 2010). 

Some other blood tests are suggestive but not diagnostic. The ratio 

of LH to FSH, when measured in international units (IUs), is elevated in 

women with PCOS. Common reference values to designate abnormally 

high LH/FSH ratios are 2:1 or 3:1 as tested on Day 3 of the menstrual 

cycle. There are often low levels of SHBG,  in particular among obese or 

overweight women (Banaszewska et al., 2003). AMH is a measure of 

certain aspects of ovarian function, useful in assessing conditions such as 
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PCOS and premature ovarian failure. Additionally, AMH levels are used 

to determine a women
'
s remaining egg supply. It is increased in PCOS, 

and may become part of its diagnostic criteria (Dewailly et al., 2014b). 

Differential diagnosis 

Other causes of irregular or absent menstruation and hirsutism, 

such as hypothyroidism, CAH (21-hydroxylase deficiency), Cushing's 

syndrome, hyperprolactinemia, androgen secreting neoplasms, and other 

pituitary or adrenal disorders, should be investigated (Teede  et al., 

2010).        

Obesity and polycystic ovarian syndrome (PCOS)  

A worldwide Public Health Emergency facing many problems due 

to the increasing epidemic of obesity and its related disorders. The price 

of obesity is represented by a long list of co-morbidities and social, 

psychological and demographic problems. Obese women are 

characterized by similar co-morbidities to men, particularly type II 

diabetes mellitus and cardiovascular diseases. On the other hand, they 

also have some specific problems, including fertility-related disorders and 

some hormone-dependent forms of cancer (Pasquali and Gambineri, 

2006).  

Obesity is strongly associated with the PCOS. Although the cause 

of this association remains unknown, but obesity is present in at least 

30% of cases, in some series, the percentage may be as high as 75%, 

unselected, consecutive premenopausal women the prevalence of PCOS 

was 6.6% and that the prevalence of overweight and obesity was 24 and 

32%, respectively, with a higher proportion of black women with respect 

to white women (Azziz et al., 2004). 
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The high prevalence of obesity in women with PCOS has profound 

effects on both the pathophysiology and the clinical manifestation of the 

disorder. Pathophysiological mechanisms by which obesity influences the 

expression of PCOS are complex and not completely understood. 

Undoubtedly, obesity may influence the development of 

hyperandrogenism. This may occur in different ways (Ehrmann, 2005). 

Obesity represents a condition of sex hormone imbalance in 

women. Levels of SHBG tend to linearly decrease with increasing body 

fat, and this may lead to an increased fraction of free androgens delivered 

to target sensitive tissues. SHBG levels are regulated by a complex of 

factors, including estrogens, iodothyronines and growth hormone (GH) as 

stimulating agents and androgens and insulin as inhibiting factors 

(Pasquali et al., 2003).  

The net balance of this regulation, with the dominant role of 

insulin, which inhibits SHBG synthesis in the liver, may be responsible 

for the decrease of SHBG concentrations observed in obesity. Obesity in 

fact is associated with hyperinsulinemia that compensates for the 

presence of IR, reduced GH levels and increased testosterone production 

rate, all conditions reasonably explaining lowered SHBG concentrations. 

This is what occurs particularly in the presence of the abdominal 

phenotype of obesity, which develops as a consequence of a prevalent 

enlargement of visceral fat depots, which are characterized by specific 

hormonal and metabolic activities (Wajchenberg et al., 2002).
  

 Women with central obesity, in fact, usually have lower SHBG 

concentrations in comparison with their age and weight-matched 

counterparts with peripheral obesity. In addition, women with central 

obesity have higher testosterone and dihydrotestosterone (DHT) 
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production rates than those with peripheral obesity, which may exceed 

their metabolic clearance rates (Azziz et al., 2004). 

 Moreover, an increased production rate occurs even for androgens 

not bound to SHBG, such as DHEA {mother hormone; is a steroid 

hormone synthesized from cholesterol and secreted by the adrenal glands. 

It is a very powerful precursor to all of major sex hormones: estrogen, 

progesterone, and testosterone. Its molecular structure is closely related to 

testosterone. It is the source that fuels the body’s metabolic pathway} and 

androstenedione. Therefore, the abdominal phenotype of obesity can be 

defined as a condition of relative functional hyperandrogenic state. Due to 

the specific action of androgens on the morphology and metabolic activity 

of the visceral adipocytes, it has also been argued that this endocrine 

medium may in turn play a crucial role in preferentially determining an 

enlargement of visceral adipose tissue, thereby causing the abdominal 

obesity phenotype in women. This may be relevant for PCOS, this 

condition being associated with a high prevalence of abdominal fatness, 

even in those presenting with normal (<25 kg/m
2
) BMI. Interestingly, the 

role of adipose tissue is also crucial in controlling the balance of sex 

hormone availability in the target nonfat tissues. In fact, adipose tissue is 

able to store various lipid soluble steroids, including androgens. Most of 

the sex hormones appear to be preferentially concentrated within the 

adipose tissue rather than in the blood (Pasquali et al., 2003).  

As a consequence, since the amount of fat tissue is greater than the 

intravascular space in obesity, and the steroid tissue concentration is 

much higher than in plasma, the steroid pool in obese subjects is greater 

than that found in normal weight individuals. In addition, fat represents a 

site of intensive sex hormone metabolism and interconversion, due to the 

presence of several steroidogenetic enzymes, such as 3β-dehydrogenase, 
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17β-hydroxydehydrogenase and the aromatase system. Obesity, 

particularly the abdominal phenotype, may thus add further specific 

mechanisms in the development of androgen excess in women with 

PCOS (Pasquali and Gambineri, 2006).  

Therapeutic efficacy of weight loss in obese polycystic 

ovarian women 

Lifestyle management should be used as the primary therapy in 

overweight and obese women with PCOS for the treatment of metabolic 

complications. For reproductive abnormalities, lifestyle modification may 

improve ovulatory function and pregnancy. Also, exercise offers 

additional benefits to dietary energy restriction for reproductive features 

of PCOS (Moran et al., 2009).  

In light of the potential metabolic dysfunction associated with 

obesity and PCOS, A stepwise approach to the treatment of infertility in 

PCOS will allow most PCOS women to achieve pregnancy and a live 

birth. The treatment approach should begin with lifestyle modifications 

such as diet and exercise in order to affect weight loss. Weight loss has 

been shown to decrease the effects of androgens, increase ovulation, and 

improve insulin sensitivity (Moran et al., 2011). 

Lifestyle changes are better defined as behavior modifications and 

correction of inappropriate dietary habits. Weight loss occurs when 

energy consumption exceeds energy uptake. Exercise is an integral 

component of every weight control program. Even though limiting energy 

consumption with diet is a major driver of initial weight loss, regular 

exercise contributes to sustained weight loss and reduces the risk for 
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weight regain. Lifestyle changes are an important therapeutic strategy for 

all overweight and obese PCOS women (Zhang et al., 2013). 

Lifestyle changes are important in women with PCOS who are 

overweight, glucose intolerance can be managed by diet, exercise, weight 

control and oral anti diabetic drugs (Norman et al., 2004). Weight loss 

also decreases
 
hyperandrogenism measured as decreases in FAI,

 
free or 

total testosterone, increases in SHBG and improves
 
menstrual function, 

ovulation and fertility (Van Dam et al., 2002). Lifestyle modification 

program with an emphasis on behavioral management, dietary and 

exercise interventions have been successful in the general population in 

reducing the risk of diabetes, the metabolic syndrome and have had some 

initial success in improving fertility outcomes in PCOS (Moran et al., 

2006). 

Weight loss improves metabolic, endocrine, and reproductive 

profile of overweight and obese women with PCOS. Even a 5% reduction 

of body weight can lead to natural conception without the use of any 

assisted reproduction technique to restore ovulation in anovulatory obese 

women. The mechanism by which weight loss is associated with 

endocrine and reproductive improvements is not known. However, it has 

been reported that maximal endocrine improvement happened when 

energy restriction was corresponding to maximal changes in insulin 

sensitivity, suggesting an intrinsic relation between these two parameters 

(Moran et al., 2006). 

Probably, the reduction in adipose tissue, and mainly visceral fat, 

reverses the negative influence on reproductive function. Adipokines 

seem to play an important role mediating the communication between 

adipose tissue and reproductive functions (Michalakis and Segars, 
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2010). Exercise is defined as any kind of regular activity that increases 

heart rate above resting levels. Moreover, there are indications that 

weight loss may decrease LH pulse amplitude which, in turn, can be 

followed by reduced androgen production. The key factor responsible for 

these effects is the reduction of the insulin level which is obviously 

associated with an improvement of the insulin resistant state (Gambineri 

et al., 2002).  

Exercise and weight loss are important ways of reversing IR and 

associated metabolic disturbances. In obese women with PCOS even 

partial weight loss may in fact reduce glucose-stimulated insulin levels 

and improve insulin sensitivity. The amelioration of hyperinsulinemia 

and IR has been proposed as the primary goal to be achieved in PCOS 

women (Pasquali et al., 2000). 

The World Health Organization recommends for weight loss 

moderate-intensity exercise 3–5 days per week, and ideally every day, 

including walking, swimming, housekeeping and gardening. The duration 

of exercise should be 30–45 min per day or more than 150 min per week. 

This moderate-intensity exercise corresponds to approximately 150 

calories of energy consumption per day (Macut et al., 2013). 

Attenuating IR has become a target in normalizing
 

hyperandrogenism and anovulation in PCOS. Weight loss improves
 

insulin sensitivity and short-term reproductive fitness in overweight
 
and 

PCOS women and is additionally crucial for improving
 
short- and long-

term metabolic health (Norman et al., 2004). 

The diet of an obese patient should be balanced, i.e. should be 

made up of 50% carbohydrates, 20% proteins and 30% fats. Fat intake 

should be made up of 10% saturated, 10% polyunsaturated and 10% 
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monounsaturated fats. The general rule of weight loss is 0.5–1.0 kg 

weekly that translates into a weekly caloric deficit of 3,500–7,000 

calories. Carbohydrate intake should not be limited excessively, as it 

happens in the popular diet, because it might lead to acidosis, water loss, 

dehydration, cholelithiasis and electrolyte disorders, which might lead to 

arrhythmias and sudden death (Bray, 2004). 

Moreover, low-calorie diets should not include less than 1,200 

calories daily, because  substantial caloric restriction might lead to rapid 

weight loss, but this loss is only temporary and weight regain, i.e. relapse, 

is the rule (Hemmingsson et al., 2012). 

Basic dietary principles should be followed. Calorie intake should 

be divided into several small meals during the day, i.e. breakfast, lunch, 

dinner and two to three smaller meals between the main meals. In 

addition, there should be a balance between the different food categories 

and carbohydrates, proteins, fats and minerals should be consumed in the 

appropriate proportions  . On a personalized basis, it is necessary to 

determine the daily basal metabolism in calories based on age, height and 

bodyweight, using basal metabolic rate calculation equations. Afterwards, 

a low-calorie diet should be administered, based on the calculated basal 

metabolic rate, with a daily calorie deficit of approximately 500–1,000 

calories. In order to calculate the daily calorie intake, the patient’s daily 

energy consumption, based on physical activity, should also be 

considered (Sacks et al., 2009). 

The typical low-fat high-carbohydrate diet may not be the best 

choice for an insulin-resistant woman with PCOS. High intakes of 

carbohydrate, especially refined carbohydrate, will cause the body to 

secrete more insulin to maintain glucose homeostasis. The increased 
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production of insulin will only worsen the existing condition of 

hyperinsulinemia. More appropriate diet would be one that does not cause 

excess production of insulin (Ebbeling et al., 2007).  

The Glycemic Index is a rating system for foods based on how 

much they raise blood glucose levels 2 hours after
 
their consumption. 

Studies show reduced-glycemic-index
 
diets have not resulted in increased 

weight loss beyond that
 
explained by caloric restriction (Raatz et al., 

2005). 

The Glycemic Index is relevant for women who have PCOS as 

chronically high insulin is a problem for women with PCOS, because insulin 

profoundly alters overall hormone balance and causes the metabolism to go 

away. For example, hyperinsulinism contributes to obesity, diabetes, heart 

disease, and some cancers. So, control of insulin to a great extent by 

avoiding upward spikes in blood sugar from eating the wrong kinds of food 

can be done by low glycemic index diets (Raatz et al., 2005). 

  A daily 500-1000 calorie deficit with 150 minutes of exercise per 

week can cause ovulation. In obese PCOS women, endocrine-metabolic 

parameters can be improved after 4-12 weeks of dietary restriction and 

free testosterone levels fall by 2-folds. Weight loss in PCOS women who 

are obese is associated with a reduction of hirsutism and a return of 

ovulatory cycles in 30% of women. A moderate amount of daily exercise 

increases of levels of SHBG and decreases serum insulin. Moderate 

weight loss of 2-5% of total body weight can help restore ovulatory 

menstrual periods in obese PCOS women (Khan, 2006). 

 Individualized pharmacological support aimed at favoring weight 

loss and maintenance, as well as, improving IR may play a 

complementary role to lifestyle intervention in obese PCOS women. 
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Dietary-induced weight
 
loss and the administration of insulin-lowering 

drugs such
 

as metformin, are usually followed by improved 

hyperandrogenism
 

and related clinical abnormalities (Pasquali and 

Gambineri, 2004). 

Long-term treatment with metformin added to hypocaloric diet 

induced greater reduction of body weight and
 
abdominal fat, particularly 

the visceral depots, and a more consistent
 
decrease of serum insulin, 

testosterone and leptin concentrations. These changes were associated 

with a more significant improvement
 

of hirsutism and menses 

abnormalities (Pasquali et al., 2000). Metformin plus a low-calorie diet 

were superior to the low-calorie diet alone for weight loss in women with 

PCOS (Walling and Barbieri, 2003). 

Ultraviolet (UV) 

Ultraviolet (UV) light is an electromagnetic radiation with shorter  

wavelength than that of visible light, but longer than X-rays, that is, in the 

range between  100 nm and 310 nm. It is so-named because the spectrum 

consists of electromagnetic waves with frequencies higher than those that 

humans identify as the color violet. It is divided into: UVA (Wavelength 

315-400 nm), UVB (Wavelength 280-315 nm) and UVC (Wavelength 

below 280 nm). Its effects are mainly chemical in contrast to the pure 

heating effect of the infrared radiation (Norval, 2011). 

Production of ultraviolet radiation (UVR)  

1. The natural source of UVR is the sun, which emits a broad spectrum 

of UV including UVA, UVB, and UVC. Both UVA and the UVB reach 

the earth from the sun; however, UVC is filtered out by the ozone layer. 

http://www.ncbi.nlm.nih.gov/sites/?Db=pubmed&Cmd=Search&Term=%22Pasquali%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/?Db=pubmed&Cmd=Search&Term=%22Gambineri%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Wavelength
http://en.wikipedia.org/wiki/Visible_light
http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/Nanometer
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2. Therapeutic UV usually produced by the passage of a current through 

an ionized vapor (often mercury vapor), at low pressure or high 

temperatures. Devices commonly used are either: air cooled (using air 

circulation with fan), or water cooled (using a water jacket surrounding 

the burner with continually circulating water) (Diffey, 2002). 

Physiological effect of UVR (Photo biochemical effects) 

UVR are absorbed by the skin. It penetrates the skin to a maximum 

depth of 2mm, so that all UVR will be absorbed by the cells in the 

epidermis and the superficial dermis.  

The effects produced by the absorption of UVR are primarily local, 

although some general effects occur if larger areas are treated with high 

doses (Hockberger, 2002). 

I- Local effects of UVR: 

Erythema; Is redness of the skin and is the first observable effect of 

UVR. If UVR is absorbed by the skin, the energy released is sufficient to 

cause damage to the cells and intracellular structures. This damage 

depends on the wave length and the amount of UV absorbed. Damage to 

the cells causes the release of histamine like substance from the epidermis 

and superficial dermis. A gradual diffusion of this chemical take place 

until sufficient amount has accumulated around the blood vessels in the 

skin to make dilatation of capillaries. The greater the histamine likes 

substance the stronger and sooner the reaction. In general the 

effectiveness of radiation in provoking erythema increases with 

decreasing the wave length. The erythema reaction has been used to 

classify doses of the UVR given to the patient. There are four visible 

degrees of erythema. It will not be visible for at least 1 hour and will 
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reach its maximum in about 24 hours and is called the latent period. 

Description of the degree of Erythema in table (1) (Coelho et al., 2009). 

Table (1): Description of the degree of Erythema (E) (Coelho et al.,          

2009): 

Dose Latent 

period 

Appearance Disapperance Skin 

edema 

E1 6-12 

hrs 

Slightly Pink 

 

< 24hrs 

 

None 

E2 4-6 

hrs 

Red 

 

48 hrs 

 

None 

E3 1-4 hrs Fiery-red and 

painful 

 

72 hrs 

 

Some 

E4 < 2 hrs 

 

angry red very 

painful 

 

Week or more Blister 

Pigmentation (tanning); Of the skin develops within two days of 

irradiation UVR. It occurs as a result of both UVR stimulates formation 

of melanin in the deep region of the epidermis and migration of melanin 

already formed into more superficial layers. The melanin forms as 

umbrella over the nucleus of the cell to protect it from UVR, so 

pigmentation reduces the penetration of UVR                                                                                                                                          

Pigmentation is strongly stimulated by UVB at about 300 nm and lesser 

extent by longer wave length in UVA. Sunbeds which emit UVA and 

visible radiation are able to induce a tan without erythema (Sivamani et 

al., 2009). 

Growth (hyperplasia) of epithelial cells (thickening of epidermis); 

Occurs as a result of repairing process following erythema. The cells in 

the basal cell layer of the skin proliferate to replace the cell in the 

epidermis which were damaged or destroyed by the UVR. So, in order to 

have the same effect, the dose must be increased (but not after 
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desquamation/ peeling occur). Thickening of the skin is three time than 

before UVR (Suh et al., 2007).   

         Desquamation (Peeling); Is the casting off of dead cells from the surface 

of the skin which have been destroyed by the UVR. The extent of the 

desquamation is proportional to the intensity of the erythema. With mild 

degrees of erythema, fine desquamation may be seen only after repeated 

exposure to UVR, when this happens, the resistance of the skin to UVR is 

lowered (Miyamura et al., 2007). 

Antibiotic effect (bactericidal effect); Or destructive effects of the UVR 

manly UVB enhance destruction of viruses, bacteria, and other small 

organisms found on the skin surface (Clydesdale, 2001). 

II- General Effects of UVR: 

Formation (Production) of vitamin D; The skin absorbs UVB radiation 

in the sunlight and converts sterols precursors in the skin, such as 7- 

dehydrocholesterol to vitamin D3 (calciferol, cholecalciferol). Vitamin D3 

is further converted by the liver and kidneys into the active metabolites 

form 1,25-hydroxyvitamin D3. This metabolites act on the intestine to 

facilitate absorption of calcium & phosphorus into the blood stream and 

act on bone to facilitate calcium exchange to prevent rickets (Cicarma et 

al., 2010).  

The prophylactic effect; The resistance of the body to infection is 

increased (enhanced), particularly if general irradiation of UVA is given. 

This is thought to be the result of stimulation of the reticulo-endothelial 

system (the cells which ingest bacteria and produce antibodies against 

bacteria and toxins) (MacKie, 2000). 
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Variations in response to UVR; There is a wide range of individual 

variation in response to UVR. The absorption of UVR differs from one 

individual to another or even from one area to another in the same person. 

The variations have been attributed to variations in skin types (wet skin 

apparently absorbs UVR to a greater extent than dry skin). It is also said 

to be influenced by the age of the subject (Hockberger, 2002). 

Natural protection against UVR; With repeated exposure to UVR, the 

sensitivity of the skin to UVR generally decreases. The thickening of the 

epidermis following UVR is the major factor responsible for the 

development of this protection (Coelho et al., 2009). 

Ageing of the skin (Solar elastosis); Continued exposure to strong 

sunlight can result in appearance of the skin often referred to as 

premature ageing (actinic damage). There is thinning of the epidermis, 

loss of epidermal ridges, loss of melanocytes, and dryness as result of 

poor function of sebaceous and sweat glands, and wrinkling from lack of 

dermal connective tissue (Matsumura and Ananthaswamy, 2004).  

Immune suppressive effects; UVR appears to trigger immunosuppressive 

effects, both locally and systemically because UV destroys Langerhan's 

cells and stimulate the proliferation of suppressor T cells (lymphocytes) 

that inhibit antibody production and suppress the action of other T cells. 

Immunosuppressive effects may contribute to the development of skin 

cancer, so prolonged exposure of the patient's skin to UVR should be 

avoided (Hanneman et al., 2006).  

Effect on eyes; The acute effects of expose of eyes to UVC and UVB are 

conjunctivitis and photokeratitis. Conjunctivitis is an inflammation of the 

membrane that lines the insides of the eye lids and covers the cone. 



42 

 

Photokeratitis is the inflammation of the cornea that can result in severe 

pain (Norval, 2011). 

Contraindications of UVR 

Dermatological conditions; Certain conditions such as acute 

eczema, lupus erythematosis, may be exacerbated by UVR. 

Hypersensitivity to sunlight (Photo allergy); Patient who are known to 

react adversely to even minimal exposure to sunlight should not be 

treated with UVR. Febrile disorders; UVR should not be applied to large 

body areas if the patient has a raised temperature. Recent deep x-ray 

therapy; If the area to be treated with UVR has received deep x-ray 

therapy within the preceding 6 months, it may be hypersensitive to the 

effect of the UVR (Coelho et al., 2009). 

Vitamin D 

         Vitamin D is a steroid hormone. The vitamin D precursor 7-

dehydrocholesterol is a normal intermediary in the cholesterol pathway 

and is present in the skin. UVB radiation induces the conversion of 7-

dehydrocholesterol to provitamin D3, which spontaneously isomerizes to 

cholecalciferol (vitamin D3). Vitamin D3 is released into circulation and 

transported by the vitamin D-binding protein (VDBP). Approximately 

80–90% derives from sunlight-induced production in the skin. A small 

amount of the body's total vitamin D is also derived from diet and/or 

supplements. This may derive from plants or fungi containing 

ergolcalciferol (vitamin D2) or fatty fish or cod-liver oil containing 

vitamin D3, Fig.(1) (Holick, 2009).  
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Fig. (1): An overview of vitamin D metabolism and salient actions (Quoted from 

Moore et al., 2004). 

  Vitamin D3 then undergoes two successive hydroxylation, the 

first of which takes place in the liver and is catalysed by vitamin D-25 

hydroxylase to form 25(OH) D. The second hydroxylation step is 

regulated by PTH and mediated by 25-hydroxyvitamin D3 1a-

hydroxylase and occurs predominately in the kidney. This second 

hydroxylation produces the final active metabolite of vitamin D3, which 

is 1.25- dihydroxyvitamin D3 {1,25(OH)2 D3}. 1,25(OH)2 D3 circulates 

bound to VDBP until it reaches its target tissue where it binds to VDR to 

initiate its effect. VDR occupy some 2776 genomic positions and 

modulate the expression of 229 genes across a range of tissues, thus 

providing vitamin D with the potential to impact on a range of 

physiological processes. In a wide variety of cell types vitamin D exerts 

its effects by binding to the VDR, a member of the nuclear steroid 

receptor superfamily and an intracellular transcription factor, because 

VDR is found in 37 different human tissues, vitamin D is linked to a 
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multitude of biological and pathological processes, Fig.(2) 

(Ramagopalan et al., 2010).  

 
Fig. (2) Effects of vitamin D on various tissues (a) Classical & (b) Non classical (Related 

to human fertility) (Quoted from Agic et al., 2007). 
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          The regulation of VDR expression is one of the main mechanisms 

through which target cells respond to calcitriol so that polymorphisms of 

this receptor can change the usual mode of functioning. Although 

1,25(OH)2D3 is the biologically active form of vitamin D, the vitamin D 

status is mainly assessed by the measurement of serum 25(OH) D 

concentration. The test is used due to associations between vitamin D, 

calcium and plasma PTH (Holick, 2009).  

         The test to ask for is 25(OH) D. There is another test that they do 

called 1,25(OH) D but this is not as good a marker of functional Vitamin 

D deficiency as it measures a biologically inactive form of vitamin D. 

The test I recommend measures the level of activated Vitamin D, rather 

than a non-active precursor. Note that there are two units of measurement 

for Vitamin D nmol/l and ng/ml.  For Vitamin D 1.0 nmol/l is equivalent 

to 0.4ng/ml (Norman et al., 2004). 

       While becoming vitamin D deficient, the parathyroid glands increase 

the secretion of PTH to accelerate renal calcium reabsorption and calcium 

release from bone. Another effect of PTH is the stimulation of renal 1,25 

(OH)2D3 production with possibly misleading 1,25(OH)2D3 

concentrations within the normal range. Based on associations between 

plasma 25(OH) D and PTH concentration, calcium absorption, bone 

turnover markers, and bone mineral density (BMD), investigators have 

argued that a plasma 25(OH) D concentration of greater than 75 nmol/1 

(to convert to ng/ml divide by 2.5) is appropriate to define vitamin D 

sufficiency (Dawson-Hughes et al., 2005). 

          In the past, the level at which a patient was considered deficient 

was <10 ng/ml. Today, controversy exists as to what constitutes 

insufficiency. Most literatures quote levels < 30 ng/ml; However the 
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Institute of Medicine defines insufficiency as ≤ 20 ng/ml. It should be 

noted that 97% of the population has levels of 20 ng/ ml, which is 

generally considered to be adequate (Rashidi et al., 2009). 

Vitamin D and reproductive function in women with PCOS 

There is evidence that vitamin D exerts some effects on female 

reproduction including, PCOS. A number of studies have demonstrated 

associations between vitamin D levels and various PCOS symptoms, 

including IR, infertility and hirsutism (Pal et al., 2012).Vitamin D is 

thought to influence the development of PCOS through gene 

transcription, and hormonal modulation influences insulin metabolism 

and fertility regulation. Evidence suggests that vitamin D levels are 

similar in women with and without PCOS; however, there have been 

reports of lower levels and higher levels seen in women with PCOS 

(Lerchbaum et al., 2012).  Several studies have reported low levels of 

vitamin D in women with PCOS, with average 25(OH) D levels between 

11 and 31 ng/ml, with the majority having values <20 ng/ml (67–85%) 

(Li et al., 2011). 

Vitamin D deficiency may exacerbate symptoms of PCOS, with 

observational studies showing lower 25(OH) D levels were associated 

with IR, ovulatory and menstrual irregularities, lower pregnancy success, 

hirsutism, hyperandrogenism, obesity and elevated cardiovascular disease 

risk factors. Presence of deficiency of vitamin D in PCOS women was 

associated with HOMA-IR and SHBG Fig. (3) (Thomson et al., 2012). 
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Fig.(3): The role of vitamin D deficiency in the pathology of PCOS (Quoted from 

Bodnar et al., 2007). 

The effects of vitamin D are mediated via both genetic and cellular 

pathways. Vitamin D regulates gene transcription through nuclear VDR 

that are distributed across various tissues, including skeleton, parathyroid 

glands and the ovaries (Ranjzad et al., 2011). The pathogenesis of PCOS 

has been linked to the effects of VDR on LH and SHBG levels, 

testosterone levels, IR and serum insulin levels (Wehr et al., 2011). 

Vitamin D deficiency increases PTH production, which is regulated 

through levels of serum calcium and vitamin D, and increased in PTH is 

independently associated with PCOS, anovulatory, infertility and 

increased testosterone. It has been suggested that the combination of 

vitamin D deficiency and dietary calcium insufficiency (because serum 

calcium regulates PTH release) may be largely responsible for the 

menstrual abnormalities associated with PCOS; however, it has been 

suggested that vitamin D sufficiency is more important than high calcium 

intake at maintaining desired values of PTH (Steingrimsdottir et al., 

2005).  
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VDR is distributed across various tissues suggesting an active role 

of vitamin D in those tissues. In women, VDR mRNA has been shown to 

be expressed in the ovaries, in mixed ovarian cells, and in purified 

granulosa cell cultures indicating a role in steroidogenesis of sex 

hormones (Parikh et al., 2010). Likewise, the human placenta expresses 

CYP27B1 (encoding 1α-hydroxylase) and VDR. Moreover, VDR has 

been found in the human pituitary gland, as well as, in human 

endometrium (Agic et al., 2007). Endometrium is capable of extrarenal 

synthesis of the active form of vitamin D (Viganò et al., 2006). 

It seems possible that variants in the VDR (TaqI, BsmI, FokI, ApaI 

and Cdx2 polymorphisms) through their effect on LH, SHBG levels and 

testosterone have been associated with an increased risk of PCOS or 

related metabolic and endocrine phenotypes suggesting the role of 

vitamin D in the pathogenesis of PCOS (Ranjzad et al., 2011). Further 

genes involved in vitamin D synthesis, hydroxylation and transport and 

their role in PCOS are currently under investigation (Wehr et al., 2011). 

Clinical trials with either vitamin D supplementation or administration of 

vitamin D3 analogues showed positive effects on insulin secretion, lipid 

profile, menstrual cycle and follicular development and a decrease of 

fasting and stimulated glucose and C-peptide levels (Rashidi et al., 

2009). 

Vitamin D has a biologically plausible role in female reproduction. 

In human ovarian tissue, 1,25(OH)2D3 stimulated progesterone 

production by 13%, estradiol production by 9%, and estrone production 

by 21%. Likewise, it was demonstrated in a choriocarcinoma cell line that 

P450 aromatase activity (catalyzing the biosynthesis of estrogens) and 

expression are stimulated by calcitriol and that an atypical vitamin D 

response element is located in CYP19 (CYP19A1) (encoding P450 

http://www.eje-online.org/content/166/5/765.full#ref-19
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aromatase) promoter. 1,25(OH)2D3 regulates human chorionic 

gonadotropin expression and secretion in human 

syncytiotrophoblasts  and increases placental sex steroid production 

(Barrera et al., 2008).  

        A research suggests that vitamin D plays a role in female 

reproduction, possibly boosting the synthesis of two important 

reproductive hormones, estrogen and progesterone. The correct balance 

of these hormones is required for healthy menstrual cycles and fertility. 

Vitamin D deficiency is very common in women with PCOS with up to 

85% of these women having vitamin D levels below the current 

recommendations. Vitamin D deficiency is associated with many of the 

symptoms of PCOS, including menstrual irregularities and infertility. 

Although more research is needed, it appears that supplementing with 

vitamin D may improve IR and the frequency of menstrual cycles, which 

in turn could lead to an increased chance of pregnancy (Wehr et al., 

2011). 

        VDR plays an important role in estrogen production in the ovary. 

Vitamin D regulates estrogen biosynthesis through direct regulation of 

the expression of the aromatase gene and by maintaining extracellular 

calcium homoeostasis. In human ovarian tissue, stimulation of estrogen 

and progesterone production and lack of effect on testosterone production 

may be explained by the augmentation of aromatase activity by vitamin 

D. As a result of these effects, vitamin D deficiency may exacerbate 

symptoms of PCOS (Parikh et al., 2010). 

           Regulation of aromatase (CYP19A1) and estrogen production by 

vitamin D has been extensively studied in tissue and cell lines from 

breast, adipose tissue, bone, and gonads. Interestingly, the reduced serum 
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estrogen level was reversible following calcium supplementation, 

indicating that at least part of the impaired gonadal aromatase expression 

was due to hypocalcaemia (Krishnan et al., 2010). In contrast, the 

elevated LH level persisted and may therefore depend on additional 

factors besides calcium disproportion. The relationship between vitamin 

D and sex hormones is complicated, because it is partly compensated by 

various mechanisms; for example, low serum vitamin D levels by 

calcium mobilization due to elevated PTH secretion (Blomberg, 2012). 

         Many studies have reported inverse associations between body 

weight (BMI, body fat and waist measurements) and serum 25(OH) D 

levels in women with PCOS, with reports of levels 27–56% lower in 

obese women with PCOS compared with non-obese women with PCOS   

(Muscogiuri et al., 2012). A study in women with PCOS also found low 

25(OH) D levels were significantly determined by the degree of adiposity 

(BMI and total fat mass) and were not directly affected by the 

development of IR. It is possible that the high prevalence of vitamin D 

deficiency in women with PCOS is related to obesity  as vitamin D is fat 

soluble and in obesity, a higher proportion is sequestered in adipose 

tissue, lowering bioavailability (Lagunova et al., 2009). 

 

        Studies regarding vitamin D status in PCOS women show an inverse 

correlation between vitamin D levels and metabolic risk factors, e.g. IR, 

BMI, waist-hip-ratio (WHR), triglycerides, total testosterone and DHEAS 

and a positive correlation with insulin sensitivity (Li et al., 2011). Data 

on the role of gene variants involved in vitamin D metabolism in PCOS 

suggest an association of VDR and vitamin D level-related variants with 

metabolic and endocrine parameters in women with PCOS (Wehr et al., 

2011) 
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        Observational studies have found relationships between markers of 

hyperandrogenism and vitamin D status. Hirsute women have been 

shown to have lower 25(OH) D levels compared to BMI matched control 

women (17 vs. 29 ng/ml, respectively), and hirsute women with PCOS 

have lower 25(OH) D levels compared with women with PCOS without 

hirsutism (21·4 vs. 26·8 ng/ml, respectively) (Glintborg et al., 2005). In 

women with PCOS, 25(OH) D levels have been positively associated 

with SHBG and negatively associated with the degree of hirsutism, FAI, 

total testosterone and DHEAS. Furthermore, SHBG levels were lower in 

PCOS women with severely deficient vitamin D levels, but this was no 

longer significant after adjusting for BMI and WHR (Li et al., 2011). 

         A similar result was found in a study by Wehr et al., (2011) where 

a relationship between SHBG and vitamin D status was no longer 

significant after controlling for BMI, indicating obesity as the common 

determinant for both SHBG and 25(OH) D. Also observed a BMI 

dependent increase in the FAI and hirsutism score and a decrease in 

SHBG. It has been suggested that the correlations between vitamin D 

status and hyperandrogenism may be due to the reduction in SHBG that 

results from obesity (Hahn et al., 2006). 

        Studies in women with PCOS have also shown adverse relationships 

between low vitamin D levels and elevations of cardiovascular disease 

risk factors other than IR, including adverse relationships with total 

cholesterol, systolic and diastolic blood pressure, glucose, C-reactive 

protein, triglycerides, high-density lipoprotein cholesterol (HDL), total 

cholesterol/ HDL and leptin (Li et al., 2011). 

The clinical features and potential health implications associated 

with PCOS, including menstrual dysfunction, difficulties in conceiving, 
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changes in physical appearance (excessive hair growth, obesity and acne) 

can promote psychological morbidity reflected by loss of self-esteem, 

emotional stress and poor body image, all with negative impacts on health 

related quality of life all with increased likelihood of experiencing 

depressive symptoms (Himelein and Thatcher, 2006). In addition to the 

psychological responses to PCOS symptoms, there may be a more 

fundamental link between depression and vitamin D deficiency that is 

mediated by hormones and neurotransmitters (Barnard et al., 2007). 

The optimum dose of vitamin D in PCOS 

First of all, the amount of vitamin D you should take depends on 

what type of vitamin D you are taking. Vitamin D3 (the form of the 

vitamin produced in the human body after sunlight exposure) is at least 

3.4 times as potent as vitamin D2, and may be as much as 9.4 times as 

potent. Vitamin D2 is derived from fungal and plant sources (Holick, 

2007). 

Therefore, when supplementing with vitamin D3, must be <50,000 

IU once or twice a week. A reasonable dosage range for vitamin D3 

supplementation is 800 to 1,200 IU per day. According to the Food and 

Nutrition Board of the National Research Council, long-term vitamin 

D intake up to 2,000 IU per day is unlikely to have any adverse effects 

among the general population (Selimoglu et al., 2010). 

However, you may need much more than this amount if you have a 

vitamin D deficiency. If you have PCOS or diabetic tendencies or are 

overweight, you should get a vitamin D test from your doctor. The test 

will measure levels of 25(OH) D. The test results will be expressed in 

Nano grams per milliliter (ng/ml). Researchers are beginning to think the 

optimal levels of vitamin D are in the range of 50-70 ng/ml. If your level 



53 

 

is around 30 or lower, you are thought to have a vitamin D deficiency 

(Rashidi et al., 2009). 

You can increase your vitamin D levels by exposing your skin to 

more sunlight. However, studies have shown that sun exposure alone is 

not sufficient to raise your vitamin D levels to the optimal level if you are 

deficient. Therefore, some level of supplemental vitamin D3 is generally 

suggested (Kotsa et al., 2009). 

Vitamin D supplementation toxicity 

Vitamin D toxicity is rare. It is caused by supplementing with high 

doses of vitamin D rather than sunlight. Vitamin D overdose causes 

hypercalcemia, and the main symptoms of vitamin D overdose are those 

of hypercalcemia: anorexia, nausea, and vomiting can occur, frequently 

followed by polyuria, polydipsia, weakness, insomnia, nervousness, 

pruritus and ultimately, renal failure. Proteinuria, urinary casts, 

and metastatic calcification (especially in the kidneys) may develop. 

Other symptoms of vitamin D toxicity include mental retardation in 

young children, abnormal bone growth and formation, diarrhea, 

irritability, weight loss and severe depression. Vitamin D toxicity is 

treated by discontinuing vitamin D supplementation and restricting 

calcium intake. Kidney damage may be irreversible. Exposure to sunlight 

for extended periods of time does not normally cause vitamin D toxicity. 

Within about 20 minutes of ultraviolet exposure in light-skinned 

individuals (three to six times longer for pigmented skin), the 

concentrations of vitamin D precursors produced in the skin reach 

an equilibrium, and any further vitamin D produced is degraded (Shaffer 

et al., 2014). 

 

http://en.wikipedia.org/wiki/Anorexia_(symptom)
http://en.wikipedia.org/wiki/Polyuria
http://en.wikipedia.org/wiki/Polydipsia
http://en.wikipedia.org/wiki/Pruritus
http://en.wikipedia.org/wiki/Renal_failure
http://en.wikipedia.org/wiki/Proteinuria
http://en.wikipedia.org/wiki/Urinary_casts
http://en.wikipedia.org/wiki/Metastatic_calcification
http://en.wikipedia.org/wiki/Chemical_equilibrium
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CHAPTER (III) 

SUBJECTS, MATERIALS AND METHODS 

I- Subjects 

This study was carried out on thirty obese women diagnosed as 

having PCOS were selected from the Outpatient Clinic of Gynecology at 

Bab- Elsheeria University Hospital. Their age ranged from (20 to 35) 

years, BMI from 30 to 40 kg/m
2
 with increased abdominal adiposity and 

waist/hip ratio > 0.80. 

The purpose of this study was to investigate the effect of ultraviolet 

on female sex hormones in obese polycystic ovarian women. 

Inclusion criteria of the subjects: 

  Inclusion criteria were age ranged from (20 to 35) years. Nulli 

gravid PCOS women. Amenorrhea (no menses in the last 6 months) or 

oligomenorrhea (less than four cycles in the last 6 months) and typical 

ultrasonographic presentation of PCOS of multiple sub-capsular follicles 

and thickened ovarian stroma, as well as, LH/FSH ratio >2. 

                  Exclusion criteria of the subjects: 

PCOS women with hyperprolactinemia, BMI higher than 40 or less 

than 30 kg/m
2
 and who have any medical or endocrinological disorders as 

proved by clinical examination and laboratory investigation such as, 

thyroid disease, Cushing's syndrome, neoplasm and hemorrhagic diseases 

were excluded from the study, as well as, PCOS women who were taking 

oral contraceptive pills in the last three months or any photosensitizing 

drugs such as, Aspirin, Tetracycline, chlorthiazide and psoralen, As these 

drugs increased sensations towards UV.  
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Before participation into the study, all PCOS women were given a 

full explanation about the treatment protocol and informed consent form 

had been signed from each woman (Appendix I). The duration of this 

study was nine months from August 2014 to April 2015. 

PCOS women were assigned randomly into two equal groups (A and 

B):-  

Group (A): 15 PCOS women who received ultraviolet (3 sessions 

per week) in addition to low caloric diet (1200 K.cal/day) for 3 months.  

Group (B): 15 PCOS women who received low caloric diet (1200 

K. cal/day) only for 3 months. 

Dietary program was modified every two weeks for all PCOS 

women in both groups (A&B).   

Assessment of all PCOS women in both groups (A&B) was carried 

out before and after the end of the treatment program (3 months) through 

assessment of weight, body mass index (BMI), waist/hip ratio (WHR), 

level of serum 25(OH) D, follicular size, level of female reproductive 

hormones (LH, FSH& LH/FSH ratio), as well as, IR. 

II- Instruments  

A) Evaluative instruments: 

1-Weight - height scale:  

     Weight-height scale was used to measure body weight and height 

and then BMI was calculated for each PCOS woman in both groups 

(A&B) before and after the end of treatment. 
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2- Tape measurement:  

          Tape measurement was used to measure the waist and hip 

circumference in order to calculate WHR before and after the end of 

treatment course for PCOS women in both groups (A&B). 

    3- Ultrasonic machine:  

       Ultrasonic machine (FUKUDA, UV 4100): was used for measuring 

the follicular size before and after treatment (3 months) for all PCOS 

women in both groups (A&B). 

B) Treatment instruments:  

1) –Ultraviolet therapy device:  

         Ultraviolet arc lamp, (Fig.4) it was low-pressure mercury discharge 

tube with a phosphor coating on inside. The particular wavelength and the 

amount of each emitted light will depend on the composition of the 

phosphor used (mixtures of phosphates, borates, and silicates). This gives 

a considerable UVA and UVB output but no UVC. Radiation spectrum: 

280- 320nm. Type: 4004/2n- verre ѐt quartz was used for treating PCOS 

women in the group (A). 

Safety glasses (goggles) were used for both therapist and PCOS 

women to protect their eyes from ultraviolet radiation. 
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 Fig. (4): Ultraviolet arc lamp.  

III- Procedures 

A- Assessment   procedures:   

All PCOS women in both groups (A&B) were assessed before and 

after the treatment program through:   

a- History taking: 

A detailed medical and gynecological history was taken for each 

PCOS woman in both groups (A&B) before treatment (Appendix II). 

b- Body mass index (BMI): 

Body mass index (BMI) for each PCOS woman was calculated 

through the following equation:  

BMI= Weight (kgs)/ [height (m)]
 2
. 
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c- Waist/Hip ratio (WHR):  

From standing position with both feet together, waist 

circumference was measured around the midpoint between the iliac crests 

and lowest rib margins at the end of normal expiration, while the hip 

circumference was measured at the level of greater trochanter. Then, 

WHR was calculated for each PCOS woman by dividing the waist 

circumference / the hip circumference.  

d- Blood analysis:  

A sample of 5cm venous blood was drawn from each womàn in 

both groups (A&B) after fasting for 12 hours at the third day of menstrual 

cycle. Laboratory analysis was done to detect the level of serum 25-

hydroxyvitamin D {25 (OH) D}, reproductive hormones (LH, FSH), as 

well as, LH/FSH ratio. Also, fasting blood glucose and fasting blood 

insulin were measured to calculate IR. 

The approximating equation for IR in the early model, using 

fasting plasma sample was derived by used of insulin-glucose product, 

divided by a constant. Glucose and insulin are both during fasting. 

HOMA-IR= the product of fasting blood insulin (µIU/ml) and fasting 

blood glucose (mmol/l) divided by 22.5. Lower index indicates greater 

insulin sensitivity. IR ≥ 4 (Wallace et al., 2004). 

  The blood analysis was done at the Laboratory of Medical 

Biochemistry Department at Kaser El Aini University Hospital 

(Appendix III). 
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e- Follicular size:  

        Diagnosis of PCOS for each womàn in both groups (A&B) was 

confirmed through ultrasonic examination before participation in this 

study. Follicular size was measured through trans-vaginal ultrasonic with 

full bladder at the 13
th

 day of beginning of menstrual cycle before and 

after the end of the treatment for all PCOS women in both groups (A&B). 

B- Treatment procedures: 

-  Before starting the treatment, a full explanation was given to each 

PCOS woman about what was going to be done either in group (A) or in 

group (B).  

- All PCOS women in both groups (A&B) were advised to follow the 

same low caloric diet of 1200 kcal / day (Appendix IV). The diet was 

changed every two weeks for each woman in both groups (A&B). 

(1) Treatment for group (A) (Ultraviolet therapy) 

- PCOS women in group (A) were treated by ultraviolet through the 

following technique: 

Before application of UV, the physical therapist determined the 

individual PCOS womàn's sensitivity to UV by using dose response 

assessment which is graded according to the individual's erythema 

response and is categorized as: 

1. Suberythemal dose (SED): No change in skin redness occurs in the 24 

hours following UV exposure. 

2. Minimal erythemal dose (MED) or E1: The smallest dose producing 

erythema within 8 hours after exposure that disappears within 24 

hours after exposure. 
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3. Second-degree erythema (E2): Definite redness with some mild 

desquamation appears within 6 hours after exposure and lasts for 1 to 

3 days. E1=MED X 2.5 

4. Third-degree erythema (E3): Intense erythema with edema, peeling, 

and pigmentation appears within 2 hours or less after treatment and is 

like severe sunburn. E3= MED X 5. 

5. Fourth-degree erythema (E4): Erythema with severe blistering, 

peeling, and exudation. E4= MED X 10. 

In general, treatment time is selected as a proportion of the MED of 

UV which was determined through following steps: Physical therapist 

asked PCOS woman to wear safety glasses (goggles) to protect her eyes 

from UV. Then, asked the woman to remove all clothing and wash 

abdominal area. After explaining the procedures to the woman and asking 

her not to look to the lamp because of possibility of damage the 

eyes.Therapist took a piece of cardboard approximately 4 by 20 cm and 

cut three different shape holes 2 by 2 cm in it (Fig. 5). 

 

Fig. (5): Determination of the MED of UV 

Then placed this cardboard on the abdominal area and draped the 

area around the cardboard so that the surrounding skin was not exposed to 

the radiation. The lamp set up at 60 to 80 cm away from and 

perpendicular to the abdominal area ànd turned on the lamp. The arc lamp 

took 5 to10 minutes warming up to reach full power before turning it 



62 

 

toward the woman. Once the lamp had reached full power, the UV beam 

directed directly toward the abdominal area and started the timer. The 

three holes were exposed to UV at one time for 30 seconds, then covered 

2 holes and leave one for 30 seconds then after 30 seconds covered one 

hole and leave the other for another 30 seconds. 

According to this protocol, the first hole was exposed for 90 

seconds, the second for 60 seconds, the third for 30 seconds. The 

therapist asked the woman to record the response of the area for the 24 

hours following exposure. The part that showed mild reddening of the 

skin within 8 hours that disappeared within 24 hours was treated with the 

MED. In this study the desired dose was E2 as it's given up to 20% of 

total body area and equal to MED X 2.5 

After determing the MED for each woman, the session of UV was 

applied as follows:  

 -  The PCOS woman was instructed
 
to remove clothing from the lower       

abdomen and lay in supine lying position to allow the maximum exposure 

of the part being treated and to avoid undue exposure of other parts (Fig. 

6). 

- A thick blanket was used to cover rest of the body which did not need 

exposure. Eyes need to be protected by goggles to avoid exposure.  

- The therapist adjusted the ultraviolet Arc lamp to be in a perpendicular 

position above the lower abdominal area by about 60- 80 cm. The lamp 

turned on and adjusted the timer according the detected MED for each 

womàn.  

- When the treatment time was completed, switched off the lamp and 

turned it away from the PCOS woman.  

- Any observable response to the treatment was documented.   
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- Treatment session was given three sessions per week up to complete three 

months. 

 

Fig. (6): Application of ultraviolet radiation. 

111. Statistical analysis: 

The collected data was analyzed using mean, standard deviation 

and percentage. Analytical tests including descriptive statistics and 

independent t tests for demographic data for both groups (A&B). 2X2 

Mixed Design Multivariate Analysis of Variance (MANOVA) was 

conducted to compare variables between both groups (A&B) in the “pre” 

and “post” tests. In addition, it was intended to compare between the 

“pre” and “post” tests for each variable at each tested groups and finally 

test the interaction between the two independent variables (tested group 

& time factor). P < 0.05 was accepted as statistically significant value. 

Statistical analysis was conducted using SPSS for windows, 

version 18 (SPSS, Inc., Chicago, IL). The current test involved two 

independent variables. The first one was the (tested group); between 

subject factor which had two levels, group (A) receiving ultraviolet (3 
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sessions per week) in addition to low caloric diet (1200 K. cal/day) for 3 

months. And group (B) receiving low caloric diet (1200 K. cal/day) only 

for 3 months. The second one was the (training periods); within subject 

factor which had two levels (pre, post). In addition, this test involved nine 

tested dependent variables (Weight, BMI, W/H ratio, serum 25-

hydroxyvitamin D {25(OH) D}, follicular size, LH, FSH, fasting blood 

glucose and fasting blood insulin). Accordingly, 2×2 Mixed design 

MANOVA was used to compare the tested variables of interest at 

different tested groups (A&B) and training periods. 2X2 Mixed Design 

MANOVA was conducted to compare weight, BMI, W/H ratio, serum 

25(OH) D, follicular size LH, FSH, fasting blood glucose and fasting 

blood insulin, between both groups (A&B) in the “pre” and “post” tests. 

In addition, it was intended to compare between the “pre” and “post” tests 

for each variable at each tested groups (A&B) and finally test the 

interaction between the two independent variables (tested group & time 

factor). Also, there was another 2X2 Mixed Design MANOVA was 

conducted to compare LH/FSH ratio and HOMA-IR between both groups 

(A&B) in the “pre” and “post” tests. In addition, it was intended to 

compare between the “pre” and “post” tests for each variable at each 

tested groups (A&B) and finally test the interaction between the two 

independent variables (tested group & time factor) with the alpha level 

0.05. 

Prior to final analysis, data were screened for normality 

assumption, homogeneity of variance, and presence of extreme scores. 

This exploration was done as a pre-requisite for parametric calculations 

of the analysis of difference. 

Descriptive analysis using histograms with the normal distribution 

curve showed that the data were normally distributed and not violates the 
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parametric assumption for each of the measured dependent variables. 

Additionally, testing for the homogeneity of covariance revealed that 

there was no significant difference with p values of > 0.05. All these 

findings allowed the researchers to conduct parametric analysis. 

1. 2x2 Mixed Design MANOVA For weight, BMI, W/H 

ratio, serum 25-hydroxyvitamin D, follicular size LH, FSH, 

fasting blood glucose and fasting blood insulin in both 

groups (A&B) 

Statistical analysis using 2x2 Mixed Design MANOVA indicated 

that there was insignificant effects of the tested group (the first 

independent variable) on the nine tested dependent variables; Weight, 

BMI, W/H ratio, serum 25(OH) D, follicular size, LH, FSH, fasting blood 

glucose and fasting blood insulin (F = 1.93 & P = 0.11). While, there was 

significant effects of the training periods (the second independent 

variable) on the nine tested dependent variables; Weight, BMI, W/H 

ratio,  serum 25(OH) D, follicular size, LH, FSH, fasting blood glucose 

and fasting blood insulin (F = 250.64 & P = 0.000*). But, the interaction 

between the two independent variables was significant, which indicates 

that the effect of the tested group (first independent variable) on the 

dependent variables was influenced by the training periods (second 

independent variable) (F = 7.27 & P = 0.000*) (Table 2). 

Table (2). 
The 2x2 Mixed Design Multivariate Analysis of Variance (MANOVA) for on 

the nine tested dependent variables; Weight, BMI, W/H ratio, serum 25-

hydroxyvitamin D, follicular size, LH, FSH, fasting blood glucose and 

fasting blood insulin 

Source of variation F-value P-value 

Tested group 1.93 0.11 

Training periods 250.64 0.000* 

Interaction 7.27 0.000* 

    *Significant at alpha level <0.05 
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2. 2x2 Mixed Design MANOVA For LH/FSH ratio and 

HOMA-IR in both Groups (A&B) 

Statistical analysis using 2x2 Mixed Design MANOVA indicated 

that there was insignificant effects of the tested group (the first 

independent variable) on the two tested dependent variables; LH/FSH 

ratio and HOMA-IR (F = 0.04 & P = 0.96). While, there was significant 

effects of the training periods (the second independent variable) on the 

two tested dependent variables; LH/FSH ratio and HOMA-IR (F = 230.85 

& P = 0.000*). But, the interaction between the two independent 

variables was significant, which indicates that the effect of the tested 

group (first independent variable) on the dependent variables was 

influenced by the training periods (second independent variable) (F = 

6.36 & P = 0.005*) (Table 3). 

Table (3). 
The 2x2 Mixed Design Multivariate Analysis of Variance (MANOVA) for on  

the two tested dependent variables; LH/FSH ratio and HOMA-IR 

Source of variation F-value P-value 

Tested group 0.04 0.96 

Training periods 230.85 0.000* 

Interaction 6.36 0.005* 

*Significant at alpha level <0.05 
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CHAPTER (IV) 

ANALYSIS OF RESULTS 

1. Participants' Demographic Data: 

The descriptive statistics and independent t tests for the 

participants' demographic data for both groups (A&B) are presented in 

table (4).  

Group (A) consisted of fifteen participants with mean ± standard 

deviation for age and height were 27.73 ± 2.52 yrs and162.40 ± 4.83 cms, 

respectively. Group (B) consisted of fifteen participants with mean ± 

standard deviation for age and height were 27.33 ± 2.55 yrs and161.60 ± 

4.83 cms, respectively.  

        The independent t-test revealed that there was no significant 

difference between groups (A&B) for the age (t- value = 0.43 & P = 0.67) 

and height (t- value = 0.48 & P = 0.64). 

Table (4): The demographic data for both groups (A&B). 

 

 

Variables 

Group (A)  

(X ±SD) 

Group (B)  

(X±SD) 

t- 

value 

P-value Level of 

significant 

Age (years) 27.73 ± 2.52 27.33 ± 2.55 0.43 0.67 N.S 

Height 

(cms) 

162.40 ± 4.83 161.60 ± 4.83 0.48 0.64 N.S 

 P= Probability, N.S= Non- Significant, *Significant at P<0.05 
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. Pairwise Comparisons of Dependent Variables 

A. Weight: 

Within groups: 

As presented in table (5) and illustrated in figure (7), within group's 

comparison the mean ± SD values of weight in the "pre" and "post" tests 

were 95.20 ± 9.92 kg and 80 ± 9.30 kg respectively in group (A). 

Multiple pairwise comparison tests (Post hoc tests) revealed that there 

was significant reduction of weight (P-value = 0.000*). While, the mean 

± SD values of weight in the "pre" and "post" tests were 93.73 ± 9.81 kg 

and 79.80 ± 8.67 kg respectively in group (B). Multiple pairwise 

comparison tests (Post hoc tests) revealed that there was significant 

reduction of weight (P-value = 0.000*). 

Between groups: 

Considering the effect of the tested group (first independent 

variable) on weight, Multiple pairwise comparison tests (Post hoc tests) 

revealed that the mean values of the "pre" and "post" test between group 

(A) and group (B) showed there was no significant differences (P = 0.69 

& 0.95) respectively. 

Table (5): Weight for the pre-treatment and post-treatment in both groups (A&B). 

Weight (kg) 

Group 
Means ± SD % of 

improvement 

P- 

value 
Within 

groups 
Pre-treatment Post-treatment 

 Group (A)  95.20 ± 9.92 80 ± 9.30 
15.9 0.000

* 

 Group (B)  93.73 ± 9.81 79.80 ± 8.67 
14.8 0.000

* 

P- value Between 

groups 
0.69 0.95 

 
 

*Significant level is set at alpha level <0.05 
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Figure (7): Weight pre and post-treatment in both groups (A&B). 

B. Body mass index (BMI): 

Within groups: 

As presented in table (6) and illustrated in figure (8), within group's 

comparison the mean ± SD values of BMI in the "pre" and "post" tests 

were 36.01 ± 2.30 kg/m
2
 and 30.26 ± 2.43 kg/m

2
 respectively in group 

(A). Multiple pairwise comparison tests (Post hoc tests) revealed that 

there was significant reduction of BMI (P-value = 0.000*). While, the 

mean ± SD values of BMI in the "pre" and "post" tests were 35.80 ± 2.26 

kg/m
2
 and 30.49 ± 2.30 kg/m

2
 respectively in group (B). Multiple 

pairwise comparison tests (Post hoc tests) revealed that there was 

significant reduction of BMI (P-value = 0.000*).   

Between groups: 

Considering the effect of the tested group (first independent 

variable) on BMI, Multiple pairwise comparison tests (Post hoc tests) 

revealed that the mean values of the "pre" and "post" test between group 
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(A) and group (B) showed there was no significant differences (P = 0.80 

& 0.79) respectively. 

Table (6): BMI for the pre-treatment and post-treatment in both groups (A&B). 

BMI (kg/m
2
) 

Group 
Means ± SD % of 

improvement 

P- value 
Within 

groups Pre-treatment Post-treatment 

 Group (A) 36.01 ± 2.30 30.26 ± 2.43 15.9 0.000* 

 Group (B) 35.80 ± 2.26 30.49 ± 2.30 14.8 0.000* 

P- value Between 

groups 
0.80 0.79   

*Significant level is set at alpha level <0.05 

 

 

Figure (8): BMI pre and post-treatment in both groups (A&B). 

C. W/H ratio: 

 Within groups: 

As presented in table (7) and illustrated in figure (9), within group's 

comparison the mean ± SD values of W/H ratio in the "pre" and "post" 
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significant reduction of W/H ratio (P-value = 0.000*). While, the mean ± 

SD values of W/H ratio in the "pre" and "post" tests were 0.91 ± 0.03 and 

0.88 ± 0.03 respectively in group (B). Multiple pairwise comparison tests 

(Post hoc tests) revealed that there was significant reduction of W/H ratio 

(P-value = 0.000*).   

Between groups: 

Considering the effect of the tested group (first independent 

variable) on W/H ratio, Multiple pairwise comparison tests (Post hoc 

tests) revealed that the mean values of the "pre" and "post" test between 

group (A) and group (B) showed there was no significant differences (P = 

0.70 & 0.06) respectively.  

Table (7): W/H ratio for the pre-treatment and post-treatment in both groups    

(A&B). 

W/H ratio 

Group 
Means ± SD % of 

improvement 

P- value 
Within 

groups Pre-treatment Post-treatment 

 Group (A) 0.91 ± 0.02 0.86 ± 0.03 5.3 0.000* 

 Group (B) 0.91 ± 0.03 0.88 ± 0.03 3.5 0.000* 

P- value Between 

groups 
0.70 0.06 

 
 

*Significant level is set at alpha level <0.05 
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Figure (9): W/H ratio pre and post-treatment in both groups (A&B). 

 

D. Serum 25-hydroxyvitamin D {25(OH) D}: 

Within groups: 

As presented in table (8) and illustrated in figure (10), within 

group's comparison the mean ± SD values of serum 25(OH) D in the 

"pre" and "post" tests were 18.83 ± 3.03 ng/ml and 27.41 ± 5.06 ng/ml 

respectively in group (A). Multiple pairwise comparison tests (Post hoc 

tests) revealed that there was significant increase of serum 25(OH) D (P-

value = 0.000*). While, the mean ± SD values of serum 25(OH) D in the 

"pre" and "post" tests were 18.08 ± 2.77 ng/ml and 20.67 ± 3.77 ng/ml 

respectively in group (B). Multiple pairwise comparison tests (Post hoc 

tests) revealed that there was significant increase of serum 25(OH) D (P-

value = 0.001*).   

Between groups: 

Considering the effect of the tested group (first independent 

variable) on serum 25(OH) D, Multiple pairwise comparison tests (Post 

hoc tests) revealed that the mean values of the "pre" test between group 
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(A) and group (B) showed there was no significant differences (P = 0.48). 

Also, multiple pairwise comparison tests (Post hoc tests) revealed that the 

mean values of the "post" test between both groups (A&B) showed there 

was significant  increase in favor to group (A) (P = 0.000*). 

Table (8): Serum 25-hydroxyvitamin D for the pre-treatment and post-treatment in 

both groups (A&B). 

serum 25-hydroxyvitamin D (ng/ml) 

Group 
Means ± SD % of 

improvement 

P- value 
Within 

groups Pre-treatment Post-treatment 

 Group (A) 18.83 ± 3.03 27.41 ± 5.06 45.5 0.000* 

 Group (B) 18.08 ± 2.77 20.67 ± 3.77 14.3 0.001* 

P- value Between 

groups 
0.48 0.000* 

 
 

*Significant level is set at alpha level <0.05 

 

 

Figure (10): Serum 25-hydroxyvitamin D pre and post-treatment in both groups 

(A&B). 

E. Follicular size: 
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As presented in table (9) and illustrated in figure (11), within 
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and "post" tests were 10.40 ± 1.72 mm and 19.46 ± 2.03 mm respectively 

in group (A). Multiple pairwise comparison tests (Post hoc tests) revealed 

that there was significant increase of follicular size (P-value = 0.000*). 

While, the mean ± SD values of follicular size in the "pre" and "post" 

tests were 10.06 ± 2.05 mm and 16.40 ± 2.52 mm respectively in group 

(B). Multiple pairwise comparison tests (Post hoc tests) revealed that 

there was significant increase of follicular size (P-value = 0.001*).   

Between groups: 

Considering the effect of the tested group (first independent 

variable) on follicular size, Multiple pairwise comparison tests (Post hoc 

tests) revealed that the mean values of the "pre" test between group (A)  

and group (B) showed there was no significant differences (P = 0.63). 

Also, multiple pairwise comparison tests (Post hoc tests) revealed that the 

mean values of the "post" test between both groups showed there was 

significant  increase in favor to group (A) (P = 0.001*). 

Table (9): Follicular size for the pre-treatment and post-treatment in both groups 

(A&B). 

Follicular size (mm) 

Group 
Means ± SD % of 

improvement 

P- value 
Within 

groups Pre-treatment Post-treatment 

 Group (A) 10.40 ± 1.72 19.46 ± 2.03 87.1 0.000* 

 Group (B) 10.06 ± 2.05 16.40 ± 2.52 63.02 0.001* 

P- value Between 

groups 
0.63 0.001* 

 
 

*Significant level is set at alpha level <0.05 
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Figure (11): Follicular size pre and post-treatment in both groups (A&B). 

 

F. Luteinizing hormone (LH): 

Within groups: 

As presented in table (10) and illustrated in figure (12), within 

group's comparison the mean ± SD values of LH in the "pre" and "post" 

tests were 11.58 ± 3.49 mIU/ml and 8.73 ± 3.04 mIU/ml respectively in 

group (A). Multiple pairwise comparison tests (Post hoc tests) revealed 

that there was significant reduction of LH (P-value = 0.000*). While, the 

mean ± SD values of LH in the "pre" and "post" tests were 11.09 ± 4.35 

mIU/ml and 9.68 ± 3.50 mIU/ml respectively in group (B). Multiple 

pairwise comparison tests (Post hoc tests) revealed that there was 

significant reduction of LH (P-value = 0.005*).   

Between groups: 

Considering the effect of the tested group (first independent 

variable) on LH, Multiple pairwise comparison tests (Post hoc tests) 

revealed that the mean values of the "pre" and "post" test between group 
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(A) and group (B) showed there was no significant differences (P = 0.74 

& 0.44) respectively. 

Table (10): LH for the pre-treatment and post-treatment in both groups (A&B). 

LH (mIU/ml) 

Group 
Means ± SD % of 

improvement 

P- value 
Within 

groups Pre-treatment Post-treatment 

 Group (A) 11.58 ± 3.49 8.73 ± 3.04 24.6 0.000* 

 Group (B) 11.09 ± 4.35 9.68 ± 3.50 12.7 0.005* 

P- value Between 

groups 
0.74 0.44 

 
 

*Significant level is set at alpha level <0.05 

 

 

Figure (12): LH pre and post-treatment in both groups (A&B). 

G. Follicular stimulating hormone (FSH): 

Within groups: 

As presented in table (11) and illustrated in figure (13), within 

group's comparison the mean ± SD values of FSH in the "pre" and "post" 
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there was no significant difference of FSH (P-value = 0.26). While, the 

mean ± SD values of FSH in the "pre" and "post" tests were 4.72 ± 0.95 

mIU/ml and 5.69 ± 1.87 mIU/ml respectively in group (B). Multiple 

pairwise comparison tests (Post hoc tests) revealed that there was no 

significant difference of FSH (P-value = 0.07).   

Between groups: 

Considering the effect of the tested group (first independent 

variable) on FSH, Multiple pairwise comparison tests (Post hoc tests) 

revealed that the mean values of the "pre" and "post" test between group 

(A) and group (B) showed there was no significant differences (P = 0.47 

& 0.87) respectively. 

Table (11): FSH for the pre-treatment and post-treatment in both groups (A&B). 

FSH (mIU/ml) 

Group 
Means ± SD % of 

improvement 

P- value 
Within 

groups Pre-treatment Post-treatment 

 Group (A) 4.98 ± 1 5.57 ± 2 11.8 0.26 

 Group (B) 4.72 ± 0.95 5.69 ± 1.87 20.5 0.07 

P- value Between 

groups 
0.47 0.87 

 
 

*Significant level is set at alpha level <0.05 

 

 

Figure (13): FSH pre and post-treatment in both groups (A&B). 
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H. Fasting blood glucose: 

 Within groups: 

As presented in table (12) and illustrated in figure (14), within 

group's comparison the mean ± SD values of fasting blood glucose in the 

"pre" and "post" tests were 9.01 ± 1.96 mmol/l and 7.40 ± 1.51 mmol/l 

respectively in group (A). Multiple pairwise comparison tests (Post hoc 

tests) revealed that there was significant reduction of fasting blood 

glucose (P-value = 0.000*). While, the mean ± SD values of fasting blood 

glucose in the "pre" and "post" tests were 8.87 ± 2.01 mmol/l and 7.17 ± 

1.71 mmol/l respectively in group (B). Multiple pairwise comparison 

tests (Post hoc tests) revealed that there was significant reduction of 

fasting blood glucose (P-value = 0.000*).  

Between groups: 

Considering the effect of the tested group (first independent 

variable) on fasting blood glucose, Multiple pairwise comparison tests 

(Post hoc tests) revealed that the mean values of the "pre" and "post" test 

between group (A) and group (B) showed there was no significant 

differences (P = 0.85 & 0.70) respectively. 

Table (12): Fasting blood glucose for the pre-treatment and post-treatment in both 

groups (A&B). 

Fasting blood glucose (mmol/l) 

Group 
Means ± SD % of 

improvement 

P- value 
Within 

groups Pre-treatment Post-treatment 

 Group (A) 9.01 ± 1.96 7.40 ± 1.51 17.8 0.000* 

 Group (B) 8.87 ± 2.01 7.17 ± 1.71 19.1 0.000* 

P- value Between 

groups 
0.85 0.70 

 
 

*Significant level is set at alpha level <0.05 
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Figure (14): Fasting blood glucose pre and post-treatment in both groups (A&B). 

I. Fasting blood insulin: 

Within groups: 

As presented in table (13) and illustrated in figure (15), within 

group's comparison the mean ± SD values of fasting blood insulin in the 

"pre" and "post" tests were 12.43 ± 2.40 µIU/ml and 8.48 ± 1.69 µIU/ml 
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(P-value = 0.000*). While, the mean ± SD values of fasting blood insulin 
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group (A) and group (B) showed there was no significant differences (P = 

0.22). While, multiple pairwise comparison tests (Post hoc tests) revealed 

that the mean values of the "post" test between both groups (A&B) 

showed there was significant reduction in favor to group (A) (P = 

0.004*). 

Table (13): Fasting blood insulin for the pre-treatment and post-treatment in both 

groups (A&B). 

Fasting blood insulin (µIU/ml) 

Group 
Means ± SD % of 

improvement 

P- value 
Within 

groups Pre-treatment Post-treatment 

 Group (A) 12.43 ± 2.40 8.48 ± 1.69 31.7 0.000* 

 Group (B) 11.45 ± 1.27 10.25 ± 1.42 10.4 0.04* 

P- value Between 

groups 
0.22 0.004* 

 
 

*Significant level is set at alpha level <0.05 

 

 

Figure (15): Fasting blood insulin pre and post-treatment in both groups (A&B). 
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J. LH/FSH ratio: 

    Within groups: 

As presented in table (14) and illustrated in figure (16), within 

group's comparison the mean ± SD values of LH/FSH ratio in the "pre" 

and "post" tests were 2.32 ± 0.53 and 1.65 ± 0.61 respectively in group 

(A). Multiple pairwise comparison tests (Post hoc tests) revealed that 

there was significant reduction of LH/FSH ratio (P-value = 0.000*). 

While, the mean ± SD values of LH/FSH ratio in the "pre" and "post" 

tests were 2.33 ± 0.74 and 1.73 ± 0.54 respectively in group (B). Multiple 

pairwise comparison tests (Post hoc tests) revealed that there was 

significant reduction of LH/FSH ratio (P-value = 0.000*).   

Between groups: 

Considering the effect of the tested group (first independent 

variable) on LH/FSH ratio, Multiple pairwise comparison tests (Post hoc 

tests) revealed that the mean values of the "pre" and "post" test between 

group (A) and group (B) showed there was no significant differences (P = 

0.95 & 0.70) respectively. 

Table (14): LH/FSH ratio for the pre-treatment and post-treatment in both groups 

(A&B). 

LH/FSH ratio 

Group 
Means ± SD % of 

improvement 

P- value 
Within 

groups Pre-treatment Post-treatment 

 Group (A) 2.32 ± 0.53 1.65 ± 0.61 28.8 0.000* 

 Group (B) 2.33 ± 0.74 1.73 ± 0.54 25.7 0.000* 

P- value Between 

groups 
0.95 0.70 

 
 

 

*Significant level is set at alpha level <0.05 
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Figure (16): LH/FSH ratio pre and post-treatment in both groups (A&B). 

K. HOMA-IR: 

Within groups: 

As presented in table (15) and illustrated in figure (17), within 

group's comparison the mean ± SD values of HOMA-IR in the "pre" and 

"post" tests were 4.77 ± 0.57 and 2.78 ± 0.74 respectively in group (A). 

Multiple pairwise comparison tests (Post hoc tests) revealed that there 

was significant reduction of HOMA-IR (P-value = 0.000*). While, the 

mean ± SD values of HOMA-IR in the "pre" and "post" tests were 4.47 ± 

0.91 and 3.05 ± 0.80 respectively in group (B). Multiple pairwise 

comparison tests (Post hoc tests) revealed that there was significant 

reduction of HOMA-IR (P-value = 0.000*). 
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group (A) and group (B) showed there was no significant differences (P = 

0.28 & 0.34) respectively.  

 Table (15): HOMA-IR for the pre-treatment and post-treatment in both groups 

(A&B). 

HOMA-IR 

Group 
Means ± SD % of 

improvement 

P- value 
Within 

groups Pre-treatment Post-treatment 

 Group (A) 4.77 ± 0.57 2.78 ± 0.74 39.8 0.000* 

 Group (B) 4.47 ± 0.91 3.05 ± 0.80 31.7 0.000* 

P- value Between 

groups 
0.28 0.34 

 
 

*Significant level is set at alpha level <0.05 

 

 

Figure (17): HOMA-IR pre and post-treatment in both groups (A&B). 
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CHAPTER (V) 

DISCUSSION 

Polycystic ovarian syndrome (PCOS) is thought to be one of the 

leading causes of female subfertility accounting for about 75% of cases, 
 

and the most frequent endocrine problem in women of reproductive age 

(approximately 12 to 45 years old). Obese women often have a decreased 

reproductive potential, as evidenced by menstrual disturbances, 

anovulation, poor response to ovulation induction, and reduced pregnancy 

outcome and late pregnancy complications (e.g. preeclampsia, gestational 

diabetes and macrocosmia) (Amer et al., 2009).  

In the present study thirty obese women diagnosed as having 

PCOS were assigned into two equal groups (A&B) to determine the 

effect of ultraviolet on female sex hormones in polycystic ovarian 

women. Assessment of all PCOS women in both groups (A&B) was 

carried out before and after the end of the treatment program (3 months) 

through assessment of weight, body mass index (BMI), waist/hip ratio 

(WHR), level of serum 25-hydroxyvitamin D {25(OH) D}, follicular 

size, level of female reproductive hormones (LH, FSH& LH/FSH ratio), 

as well as, IR. Within groups the results revealed that there was a 

significant increase in (25(OH) D, follicular size and FSH) and 

significant decrease in (Weight, BMI, WHR, LH, LH/FSH ratio, as well 

as, IR) when comparing between pre and post treatment results in both 

groups (A&B).While, between groups the results revealed that there was 

a significant difference only in (25(OH) D and follicular size) in favor to 

group (A) than group (B) in obese PCOS women after three months of 

treatment when comparing the post treatment results in both groups 

(A&B). 
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Regarding to (Weight, BMI and W/H ratio), the results revealed 

that there were reduction in weight, BMI and W/H ratio when comparing 

between pre and post treatment results in both groups (A&B) after the 

end of treatment. This may be attributed to several mechanisms including, 

the diuresis and depletion in the stored glycogen that is associated with 

caloric restriction in addition to the reduction in body fat mass especially 

in the abdominal region. These improvements were documented by 

Cussons et al., (2009) who proved that obese women with PCOS can 

benefit from a hypocaloric diet for weight reduction. A diet patterned has 

been shown to reduce BMI, liver fat content and other cardiovascular risk 

factors in women with PCOS. 

Also, Wang et al., (2008) reported that in obese women, caloric 

restriction reduces anthropometrically measured (waist circumference and 

W/H ratio) and also subcutaneous fat from central region. 

Regarding to serum 25(OH) D, within groups the results revealed 

that there was a significant increase in 25(OH) D when comparing 

between pre and post treatment results in both groups (A&B) after the 

end of treatment. These come in agreement with Holick, (2009) who 

reported that a small amount of the body's total vitamin D is also derived 

from diet and/or supplements. This may derive from plants or fungi 

containing ergolcalciferol (Vitamin D2) or fatty fish, cod-liver oil 

containing vitamin D3. 

While between groups, the results revealed that there was a 

significant increase in serum 25(OH) D in favor to group (A) (ultraviolet 

and low caloric diet) than group (B) (low caloric diet alone) when 

comparing the post treatment results in both groups (A&B) after the end 

of treatment. These can be explained by that Vitamin D formation is 
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accelerated by ultraviolet radiation (UVR). These results proved by 

Cicarma et al., (2010) who stated that the skin absorbs UVB radiation 

and converts sterols precursors in the skin, such as 7- dehydrocholesterol 

to vitamin D3 (calciferol, cholecaciferol). Vitamin D3 is further converted 

by the liver and kidneys into the active metabolites form 1,25(OH)2 D3. 

These metabolites act on the intestine to facilitate absorption of calcium 

& phosphorus into the blood stream and act on bone to facilitate calcium 

exchange. UVB induces production of vitamin D in the skin at rates of up 

to 1,000 IUs per minute. This is supported by Wortsman et al., (2000) 

who found increase in 25(OH) D levels 24 h after whole-body UV light 

exposure. 

Regarding to follicular size, within groups the results revealed that 

there was a significant increase in follicular size when comparing 

between pre and post treatment results in both groups (A&B) after the 

end of treatment. These come in agreement with Lim et al., (2007), 

Kuchenbecker et al., (2011), Hirschberg, (2009) and Moran et al., 

(2006) who stated that dietary trails has been found to be effective in 

restoring ovulatory function and pregnancy outcome in up to 80% of 

PCOS women who achieved at least 5% weight loss.  

While between groups, the results revealed that there was a 

significant increase in favor to group (A) than group (B) when comparing 

the post treatment results in both groups (A&B) after the end of 

treatment. These come in agreement with Rashidi et al., (2009) who 

observed through study in which women with PCOS were treated with 

metformin, calcium, and vitamin D that vitamin D supplementation or 

administration of vitamin D3 analogues had positive effects on menstrual 

cycle and follicular development (improvement in number dominant 

follicles >14mm were observed). 

http://en.wikipedia.org/wiki/Vitamin_D
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Also, Bonakdaran et al., (2012) and Pal et al., (2012) found in 

study of 12 overweight and vitamin D deficient women with PCOS 

significant improvement in parameters of ovarian folliculogenesis and 

ovulation following three month intervention with vitamin D and 

calcium. So, Vitamin D has a crucial role in induction of ovulation in 

women with PCOS. 

These can be explained by that vitamin D down-regulated anti-

müllerian hormone (AMH) gene. AMH expressed by granulosa cells of 

the ovary during the reproductive years, and limits the formation of 

primary follicles by inhibiting excessive follicular recruitment by FSH. 

AMH is increased in women with PCOS, which is characterized by 

excessive follicle development with poor follicle selection as AMH 

inhibits sensitivity to FSH, and therefore follicle selection. An 

explanation of this finding is as follows: During a women's follicular 

phase, the follicle that contains the most number of FSH receptors, 

therefore that is most sensitive to FSH, emerges as dominant at the time 

of intercycle FSH rise during the follicular phase. By inhibiting AMH 

expression, vitamin D may counteract the repressive effects of AMH on 

granulosa cell differentiation, thereby allowing follicles to reach terminal 

maturation and ovulation. Also, Vitamin D deficiency associated with 

calcium dysregulation, which contributes to the development of follicular 

arrest in women with PCOS and resulting in reproductive and menstrual 

dysfunction (Merhi et al., 2014). 

During the course of this study, two women from group (A) 

became pregnant whom pre treatment serum 25(OH) D level was 16.2 

and 19.3 and post treatment level was 25.8 and 27.8 respectively. This in 

confirmed by Ozkan et al., (2010) who found in eight women with 

PCOS, the PCOS women that achieved pregnancy exhibited significantly 

http://en.wikipedia.org/wiki/Granulosa_cells
http://en.wikipedia.org/wiki/Ovary
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higher follicular fluid levels of serum 25(OH) D. Each ng/ml increase in 

follicular fluid 25(OH) D increased the likelihood for achieving 

pregnancy by 7%. 

Also, Wehr et al., (2011) observed in 46 women with PCOS 

improvements in reproductive function, low levels of serum 25(OH) D 

being associated with ovulatory and menstrual irregularities. Higher 

vitamin D levels were associated with an increased likelihood for 

successful pregnancies. 

Regarding to female reproductive hormones (LH, FSH& LH/FSH 

ratio), within groups the results revealed that there was a significant 

improvement in female reproductive hormones (LH, FSH & LH/FSH 

ratio) when comparing between pre and post treatment results in both 

groups (A&B) after the end of treatment. These come in agreement with 

OʼConnor et al., (2010) who proved that weight reduction through 

energy restriction has been shown to exert positive influences on both 

metabolic and hormonal aspects of PCOS. So, lifestyle interventions 

mainly a balanced diet, regular exercise and behavioral modification are 

among the first- line treatments for this condition. 

While between groups, the results revealed that there were no 

significant differences in female reproductive hormones (LH, FSH & 

LH/FSH ratio) when comparing the post treatment results in both groups 

(A&B) after the end of treatment. These meant that UV has no effect on 

female reproductive hormones (LH & FSH). 

In contrast to our results Kalinin et al., (1992) who found in 119 

women with PCOS when exposed to ultraviolet (UV) irradiation that 

there was body mass reduction by (40%), blood LH level and the 

LH/FSH ratio significantly reduced in those in whom these values were 
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elevated in disease. Elimination of hyperandrogenism and a trend to 

normalization of gonadotropin secretion, resulting from UV irradiation, 

indicate that such treatment modality is grounded and justify its use in the 

treatment of women with the PCOS. 

Regarding to IR, within groups the results revealed that there was a 

significant reduction in IR when comparing between pre and post 

treatment results in both groups (A&B) after the end of treatment. These 

come in agreement with Kasim- Karakas et al., (2007) who found that 

increasing protein intake and restricting the simple sugar intake in a 

PCOS diet improve hormones related to obesity and IR. 

While between groups, the results revealed that there was no 

significant difference in IR when comparing the post treatment results in 

both groups (A&B) after the end of treatment. 

Accordingly, weight reduction is associated with improvement in 

metabolic and hormonal aspects of PCOS, induction of ovulation, as well 

as, improving reproductive function in women with PCOS. These 

explained by Bellver et al., (2006) who suggested that, obesity has 

adverse effects on all the levels of the hypothalamus-pituitary-ovary axis. 

Indeed, obesity affects ovulation, oocyte maturation, endometrial 

development, uterine responsiveness and fetal implantation and 

miscarriage. Obesity impairs human reproduction through different 

mechanisms such as, IR, hyperandrogenism and elevated leptin levels. 

Accordingly, weight loss and dietary intervention can reverse this 

situation and represent the treatment of choice in obese women with 

infertility. 

These come in agreement with Tolino et al., (2005) who observed 

that weight loss is associated with an improvement in insulin sensitivity, 
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reduction of IR, as well as, restoration of regular menstrual cycles and/or 

ovulation and increase in pregnancy rate in PCOS women. 

Also, Florakis et al., (2008) documented that weight loss in 

overweight and obese women with PCOS resulted in amelioration of IR. 

This could not be totally explained by weight loss. Total testosterone and 

triglyceride levels reduction could be a possible mechanism. 

 

Although the current study presents objective data with statistically 

significant differences, there are some limitations to this study. Firstly, 

the small sample size of PCOS women. Secondly, LH & FSH hormones 

were measured only during such a complex state of reproductive process. 

However, there are many other hormones such as PTH & AMH hormone 

that may affect ovulation in such cases.Thirdly, lack of follow up period, 

and short duration of study. Fourthly, although the ultraviolet arc lamp 

device that used in this study is a reliable ànd valid device, it is unable to 

provide generalized exposure of the U.V radiation to the whole body. 

Accordingly, it can be concluded that ultraviolet and low caloric 

diet are more effective for improving serum 25(OH) D and induction of 

ovulation without adverse side effects. As women with PCOS require 

long-term pharmacological treatment, which is usually effective but has 

negative side effects such as nausea, vomiting, blurring of vision, 

headache, fetal malformation and ovarian hyperstimulation syndrome. 

Also, Surgical methods for induction of ovulation associated with 

suboptimal pregnancy rates due to unacceptable incidence of post-

operative adhesion formation. So, that ultraviolet therapy is considered 

appropriate and complementary method to reduce medical dose and its 

side effects for induction of ovulation in women with PCOS.   
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CHAPTER (VI) 

SUMMARY ànd CONCLUSION  

Polycystic ovary syndrome (PCOS) is one of the most common 

female endocrine disorders affecting approximately 7%-10% of women of 

reproductive age and is thought to be one of the leading causes of female 

subfertility. The principal features are obesity, anovulation, irregular 

menstruation or amenorrhea, acne, excessive amounts of androgenic 

(masculinizing) hormones and associated with the accumulation of under-

developed follicles in ovary. It is an important cause of hirsuitism and 

infertility (Sirmans and Pate, 2013).  PCOS is also associated with an 

increased incidence of cardiovascular disease (CVD) risk factors, 

including an increased prevalence of subclinical atherosclerosis, type 2 

diabetes, dyslipidemia and impaired glucose tolerance. Obesity and IR 

are closely linked to the development of PCOS and its clinical features  

(Marsh et al., 2010). 

Vitamin D is deposited in adipose fat tissues, making it unavailable 

for the body to use; as a result, people who are overweight are already 

highly expected to have low levels of serum vitamin D (Wamberg et al., 

2013). There is some evidence suggesting that vitamin D deficiency 

might be involved in the pathogenesis of IR and the metabolic syndrome 

in PCOS, and also related to endocrine parameters and fertility feature of 

PCOS (Ngo et al., 2011). 

This study was conducted to determine effect of ultraviolet on 

female sex hormones in obese polycystic ovarian women. Thirty obese 

women diagnosed as having PCOS were selected from the Outpatient 

Clinic of Gynecology at Bab- Elsheeria University Hospital. Their age 

http://en.wikipedia.org/wiki/Endocrine
http://en.wikipedia.org/wiki/Female_subfertility
http://en.wikipedia.org/wiki/Female_subfertility
http://en.wikipedia.org/wiki/Anovulation
http://en.wikipedia.org/wiki/Menstruation
http://en.wikipedia.org/wiki/Amenorrhea
http://en.wikipedia.org/wiki/Acne
http://en.wikipedia.org/wiki/Androgen
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marsh%20KA%22%5BAuthor%5D
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ranged from (25 to 35) years, BMI ranged from 30 to 40 kg/m
2
 with 

increased abdominal adiposity and waist/hip ratio > 0.80. 

PCOS women were assigned into two equal groups (A&B). PCOS 

women of group (A) received ultraviolet (3 sessions per week) in addition 

to low caloric diet (1200 K. cal/day) for 3 months. PCOS women of 

group (B) received low caloric diet (1200 K. cal/day) only for 3 months. 

Dietary program was modified every two weeks for all PCOS women in 

both groups (A&B).   

Assessment of all PCOS women in both groups (A&B) was carried 

out before and after the end of the treatment program (3 months) through 

assessment of weight, body mass index (BMI), waist/hip ratio (WHR), 

level of serum 25(OH) D, follicular size, level of female reproductive 

hormones (LH, FSH& LH/FSH ratio), as well as, IR. 

 The results of the present study revealed that: 

At the end, the results revealed that there was a significant increase 

in (serum 25(OH) D and follicular size) in favor to group (A) than in 

group (B) in obese PCOS women after three months of the treatment 

when comparing the post treatment results in both groups (A&B). 

So, it could be concluded that ultraviolet combined with low 

caloric diet are more effective than low caloric diet alone for improving 

serum 25(OH) D and follicular size in obese polycystic ovarian women. 

Also, ultraviolet is a new additional method in dealing with PCOS 

women. This new method exhibits a great advantage (responsible for the 

formation of vitamin D which has a crucial role in induction of ovulation, 

increase follicular size, as well as, fertility and pregnancy rate in women 

with PCOS) and has few negative side effects. 

 

http://en.wikipedia.org/wiki/Vitamin_D
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Recommendations 

 

At the end of this work, the obtained results have indicated the 

need to suggest the following recommendations:- 

 

1- The findings of this study encourage the use of ultraviolet as an 

effective method for improving metabolic and hormonal status in 

women with PCOS. 

 

2- Similar studies are needed to demonstrate the combined effect of 

ultraviolet and other conservative modalities like exercises in 

treating cases of PCOS.  

 

3- Other studies are needed to compare between ultraviolet and medical 

treatment like vitamin D, calcium supplementation and metformin 

in women with PCOS.  

 

4- This study can be conducted on a greater numbers and for longer 

treatment course to women with PCOS who would follow the same 

regimen of treatment with the hope that they will get better and 

more significant results. 

 

5- Further studies are required to investigate the effect of ultraviolet alone 

in dealing with obese PCOS women. 

 

6- Follow up may be needed for the PCOS women after the course of 

treatment for the hope that the pregnancy rate may be higher than 

the rate gained during this study. 
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Appendix (I) 

 
Informed consent form 

 
 

            I am freely and voluntarily consenting to participate in this 

research study (Effect of Ultraviolet on female sex hormones in obese 

polycystic ovarian women) under the supervision of the researcher/Dina 

Mahmoud Aleshmawy Mohamed Abd-Elfatah. A full description of 

the study procedure had been explained to me and I understand that I may 

withdraw my consent and discontinue participation in this research study 

at any time without prejudice to me. 

 

Signature: ……………….. 

                                                         Date:    /      / 

 

 

 إقساز
 

ثحسيخ ٔرطٕع  انًٕقؼخ أدَبِ ثأَُٗ يٕافقخ /..……………………………انعيدح  قس أَبأ

) تأثُس األ شعة فىق البنفسجُة علً الهسمىنات الجنسُة فٍ ػهٗ انًشبزكخ فٗ ثسَبيح انجحث

دَنا محمىد العشماوٌ  /شساف انجبحثخ إرحذ متالشمة تكُسات المبُض لدي السُدات البدَنات(

َّ يحق  نٗ أٔقد رى شسذ خطٕاد انجحث نٗ ثبنزفصيم يغ انزأكيد ػهٗ  عبد الفتاح محمد

 .االَعحبة يٍ انًشبزكخ فٗ ْرِ اندزاظخ انجحثيخ فٗ أٖ ٔقذ أشبء دٌٔ أدَٗ يعئٕنيخ

 

 ..…………………التىقُع :

 /          /      التازَخ:                                                                            
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Appendix (II) 

Recording data sheet 

 

I) Personal History  

Patient serial number : 

Name                        : 

Age                           : 

Occupation               : 

Address                    : 

Marital status           : 

Telephone No.         : 

Special habits           : 

(II) Diagnosis 

(III) Present history 

Duration of present marriage    :  

Pelvic sonar diagnosis               :  

Duration of infertility                :         

(IV) Menstrual history 

Length of each cycle                  :        

Duration of menstrual blood flow :      

Date of last menstrual period  : 

 

 

 

 

 

 

 



120 

 

(V) Evaluation: 

 

 

Variables 

Group (A) Group (B) 

Before ttt After ttt Before ttt After ttt 

Weight (kg)     

BMI (kg/m
2
)     

Waist 

circumference 

(cm) 

    

Hip circumference 

(cm) 

    

Waist/ hip ratio     

FSH (mIU/ml)     

LH (mIU/ml)     

LH/ FSH ratio     

Fasting blood 

glucose (mmol/l) 

 

    

Fasting blood 

insulin (mg/dI) 

 

    

HOMA-IR     

Serum25- 

hydroxyvitaminD 

(ng/ ml) 

    

Follicular size 

(mm) 

    

Height (cm)   
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Appendix (III) 

Blood analysis 

 

) Measurement of serum 25-hydroxyvitamin D1 

Principle of the test: 

The DRG 25-OH Vitamin D total ELISA Kit is a solid phase 

enzyme linked immunosorbent assay (ELISA), based on the principle of 

competitive binding. In the first step, samples have to be pretreated in 

separate vials with denaturation buffer to extract the analytic, since most 

circulating 25-OH Vit D is bound to VDBP in vivo. After neutralization, 

biotinylated 25-OH Vitamin D (enzyme conjugate) and peroxidase 

labeled streptavidin- (enzyme complex) are added. After careful mixing, 

the solution is transferred to the wells of the microtiter plate. Endogenous 

25-OH Vitamin D of a sample competes with a 25-OH Vitamin-D3-biotin 

conjugate for binding to the VDBG that is immobilized on the plate. 

Binding of 25-OH Vitamin Dbiotin is detected by peroxidase-labeled 

streptavidin. Incubation is followed by a washing step to remove unbound 

components. The color reaction is started by addition enzyme substrate 

and stopped after a defined time. The color intensity is inversely 

proportional to the concentration of 25-OH Vitamin D in the sample. 

Reagents: 

1. Microtiterwells, 12 x 8 (break apart) strips, 96 wells; Wells coated 

with Vitamin D binding protein (VDBG). 

2. Standard (Standard 0-5), 6 vials, 1 mL, ready to use; Concentrations: 

0 – 4 – 10 – 25 – 60 – 130 ng/ml. Conversion: 1 ng/mL = 2.5 nmol/L. 

The standards are calibrated against the NIST Standard Reference 
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Material (SRM) 2972; Contain non-mercury preservative. 

3. Control low & high, 2 vials, 1 mL each, ready to use; for control 

values and ranges please refer to vial label or QC-Datasheet. Contain 

non-mercury preservative. 

4. Denaturation buffer, 1 vial, 10 mL, ready to use 

5. Neutralization buffer, 1 vial, 25 mL, ready to use, Contains non-

mercury preservative. 

6. Enzyme conjugate, 1 vial, 7 mL, ready to use, vitamin D3 conjugated 

to biotin; Contains non-mercury preservative. 

7. Enzyme complex, 1 vial, 7 mL, ready to use, streptavidin-Peroxidase 

Conjugate. Contains non-mercury preservative. 

8. Substrate solution, 1 vial, 25 mL, ready to use, Tetramethylbenzidine 

(TMB). 

9. Stop solution, 1 vial, 14 mL, ready to use, contains 0.5 M H2SO4, 

Avoid contact with the stop solution. It may cause skin irritations and 

burns. 

10. Wash solution, 1 vial, 30 mL (40X concentrated). 

11. Cover foil, 1 sheet of adhesive cover foil. 

Note: Additional Standard 0 for sample dilution is available upon request. 

Materials required but not provided: 

 Vials for the Vitamin D release step (e.g. rack with 96 vials, 0.65 mL 

each, 5 pieces; REF 781565-5 

 Single vials (e.g. single vials, 0.65 mL each, 1000 pieces (REF: EIA    

5396-VIALS) 

 Incubator 37 °C (98.6 °F) 

 A microtiter plate calibrated reader (450 ± 10 nm) 

 Calibrated variable precision micropipettes. 
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 A bsorbent paper. 

 Distilled or deionized water 

 Timer 

 Semi logarithmic or linear graph paper or software for data reduction 

Specimen collection and preparation: 

• Serum or plasma (EDTA-, heparin- or citrate plasma) can be used in 

this assay. 

• Do not use hemolytic, icteric or lipaemic specimens. 

• Please note: Samples containing sodium azide should not be used in the 

assay. 

Specimen collection 

Serum: 

• Collect blood by venipuncture (e.g. Sarstedt Monovette for serum), 

allow to clot, and separate serum by centrifugation at room temperature . 

• Do not centrifuge before complete clotting has occurred. Anticoagulant 

may require increased clotting time. 

Plasma: 

• Whole blood should be collected into centrifuge tubes containing anti-

coagulant (e.g. Sarstedt Monovette with the appropriate plasma 

preparation) and centrifuged immediately after collection. 

Specimen storage and preparation 

• Specimens should be capped and may be stored for up to 3 days at 2 °C 

to 8 °C prior to assaying. 

• Specimens held for a longer time (up to two months) should be frozen 

only once at -20 °C prior to assay. Thawed samples should be inverted 

several times prior to testing. 
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Specimen dilution 

• If in an initial assay, a specimen is found to contain more than the 

highest standard, the specimens can be diluted with Standard 0 and 

reassayed as described in Assay Procedure. For the calculation of the 

concentrations this dilution factor has to be taken into account. 

 Assay procedure: 

General remarks 

 All reagents and specimens must be allowed to come to room 

temperature before use. All reagents must be mixed without foaming. 

 Once the test has been started, all steps should be completed without 

interruption. 

 Use new disposal plastic pipette tips for each standard, control or 

sample in order to avoid cross contamination. 

 Absorbance is a function of the incubation time and temperature. 

Before starting the assay, it is recommended that all reagents are ready, 

caps removed, all needed wells secured in holder, etc. This will ensure 

equal elapsed time for each pipetting step without interruption. 

 As a general rule the enzymatic reaction is linearly proportional to time 

and temperature. 

Calculation of results: 

1. Calculate the average absorbance values for each set of standards, 

controls and samples. 

2. Using semi-logarithmic or linear graph paper, construct a standard 

curve by plotting the mean absorbance obtained from each standard 

against its concentration with absorbance value on the vertical (Y) axis 

and concentration on the horizontal (X) axis. 

3. Using the mean absorbance value for each sample determine the 

corresponding concentration from the standard curve. 
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4. Automated method: The results in the IFU have been calculated 

automatically using a 4 PL (4 Parameter Logistics) curve fit. 4 Parameter 

Logistics is the preferred method. Other data reduction functions may 

give slightly different results. 

5. The concentration of the samples can be read directly from this 

standard curve. Samples with concentrations higher than that of the 

highest standard have to be further diluted or reported as > 130 ng/ml. 

For the calculation of the concentrations this dilution factor has to be 

taken into account. 

2) Determination of serum LH: 

Principle:  

The LH ELISA kit is a solid phase direct sandwich method. The 

samples and diluted anti-LH-HRP conjugate are added  to the wells 

coated with Mab to LH beta subunit. LH in the rat’s serum binds to anti-

LH MAb on the well and the anti LH second antibody then binds to LH. 

Unbound Protein and HRP Conjugate are washed off by wash buffer. 

Upon The addition of the substrate, the intensity of color is proportional 

to the concentration of LH in the samples. A standard curve is prepared 

relating color intensity to the concentration of the LH.   

Reagents: 

1. Microwells coated with LH MAb 12x8x1.  

2. LH Standard: 6 vials (ready to use) 0.7ml. 

3. LH Enzyme Conjugate: 1 bottle (ready to use) 12 ml.  

4. TMB Substrate: 1 bottle (ready to use)     12ml. 
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5. Stop Solution: 1 bottle (ready to use) 12ml.  

6. Wash concentrate 20X:  1 bottle 25ml. 

Equipments and materials required but not provided: 

1. Distilled or deionized water. 

2. Precision pipettes. 

3. Disposable pipette tips. 

4. ELISA reader capable of reading absorbance at 450nm. 

5. Absorbance paper or paper towel. 

6. Graph paper.  

Preparation of the serum: 

1. Collect blood specimens and separate the serum immediately.  

2. Specimens may be stored refrigerated at (2-8 ˚C) for 5 days. If storage 

time exceeds 5 days, store frozen at (20˚C) for up to one month. 

3. Avoid multiple freeze-thaw cycles. 

4. Prior to assay, frozen sera should be completely thawed and mixed 

well.  

5. Do not use grossly lipemic specimens. 

Procedure: 

1. Prepare 1X Wash buffer by adding the contents of the bottle (25 ml, 

20X) to 475 ml of distilled or deionized water. Store at room temperature 

(18-26˚ C).  
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2. Prior to assay, allow reagents to stand at room temperature.  Gently 

mix all reagents before use.  

3. Place the desired number of coated strips into the holder. 

4. Pipette 50 μl of LH standards, control and rat’s sera.   

5. Add 100 μl of enzyme conjugate to all wells. 

6. Cover the plate and incubate for 30 minutes at room temperature (18-

26
º 
C).   

7. Remove liquid from all wells. Wash wells three times with 300 μl of 

1X wash buffer.  Blot on absorbent paper towels.  

8.  Add 100 l μl of TMB substrate to all wells. 

9. Incubate for 10 minutes at room temperature.  

10. Add 50 l μl of stop solution to all wells.  Shake the plate gently to mix 

the solution. 

11. Read absorbance on ELISA Reader at 450 nm within 15 minutes after 

adding the stopping solution. 

Calculation:  

The standard curve is constructed as follows:  

1. Check LH standard value on each standard vial. This value might vary 

from lot to lot. Make sure to check the value on every kit. 

2. To construct the standard curve, plot the absorbance for the LH 

standards (vertical axis) versus the LH standard concentrations 
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(horizontal axis) on a linear graph paper. Draw the best curve through the 

points.  

3. Read the absorbance for controls and each unknown sample from the 

curve.  Record the value for each control or unknown sample. 

3) Determination of serum FSH 

Principle: 

This FSH enzyme linked immunosorbent assay (ELISA) applies a 

technique called a quantitative sandwich immunoassay.  The microtiter 

plate provided in this kit has been precoated with a monoclonal Antibody 

specific for FSH. Standards or samples are then added to the microtiter 

plate wells and FSH if present will bind to the antibody pre-coated on the 

wells.  In order to quantitate the amount of FSH present in the sample, a 

standardized preparation of horseradish peroxidase (HRP) conjugated 

monoclonal antibody specific for FSH is added to each well to 

“sandwich” the FSH immobilized on the plate.  The microtiter plate 

undergoes incubation, and then the wells are thoroughly washed to 

remove all unbound components. 

  Next, a TMB (3, 3', 5, 5' Tetramethyl-benzidene) substrate 

solution is added to each well.  This enzyme (HRP) and substrate are 

allowed to react over a short incubation period.  Only those wells that 

contain FSH and enzyme-conjugated antibody will exhibit a change in 

color. The enzyme-substrate reaction is terminated by the addition of a 

sulphuric acid solution and the color change is measured 

spectrophotometrically at a wavelength of 450 nm.  

 In order to measure the concentration of FSH in the sample this 

Human FSH ELISA Kit includes a set of calibration standards (6 
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standards).  The calibration standards are assayed at the same time as the 

samples and allow the operator to produce a standard curve of Optical 

Density (O.D.) versus FSH concentration (mIU/mL). The concentration 

of FSH in the samples is then determined by comparing the O.D. of the 

samples to the standard curve.  

Reagents:  

All reagents provided are stored at 2-8°C.                                                    

 1. Microtiter plate (Part EL13-1) 96 wells Pre-coated with anti-human 

FSH monoclonal antibody.  

2. Conjugate (Part EL13-2) 12 mL Anti-FSH monoclonal antibody 

conjugated to horseradish peroxidase (HRP) with Preservative. Ready to 

use.  

3. STANDARD - 200miu/ml (Part EL13-3) 1 vial Lyophilized human 

FSH in a buffered protein base with preservative that will contain 

200mIU/mL after reconstitution.  

4. STANDARD - 100miu/ml (Part EL13-4) 1 vial Lyophilized human 

FSH in a buffered protein base with preservative that will contain 100 

mIU/ mL after reconstitution.  

5. STANDARD - 50 miu/ml (Part EL13-5) 1 vial Lyophilized human 

FSH in a buffered protein base with preservative that will contain 50 

mIU/mL after reconstitution.  

6. STANDARD - 25miu/ml (Part EL13-6) 1 vial Lyophilized human 

FSH in a buffered protein base with preservative that will contain 

25mIU/mL after reconstitution.  



130 

 

7. STANDARD - 5miu/ml (Part EL13-7) 1 vial Lyophilized human FSH 

in a buffered protein base with preservative that will contain 5mIU/mL 

after reconstitution   

8. STANDARD - 0miu/ml (Part EL13-8) 1 vial Lyophilized buffered 

protein base with preservative that will contain 0 mIU/mL after 

reconstitution.  

9. Substrate A (Part EL13-9) 10 mL Buffered solution with H2O2. 

10. Substrate B (Part 30007) 10 mL Buffered solution with TMB.  

11. Stop Solution (Part 30008) 7 mL 2 NH2 SO4. Caution: Caustic 

Material. 

  Materials required but not supplied: 

1. Single or multi-channel precision pipettes with disposable tips: 10-

100µL and 50-200µL for running the assay. 

2. Pipettes: 1 mL, 5 Ml, 10 mL, and 25 mL for reagent preparation. 

3. Multi-channel pipette reservoir or equivalent reagent container. 

4. Test tubes and racks. 

5. Polypropylene tubes or containers (25 mL).  

6. Incubator (37°C). 

7. Microtiter plate reader (450nm ± 2nm)  

8. Automatic microtiter plate washer or squirt bottle. 

9. Sodium hypochlorite solution, 5.25% (household liquid bleach). 
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10. Deionized or distilled water. 

11. Plastic plate cover. 

12. Disposable gloves. 

13. Absorbent paper. 

Sample preparation:  

• Serum must be separated from blood cells as soon as possible. Samples 

should be allowed to clot for one hour at room temperature, centrifuged 

for 10 minutes (4°C) and serum extracted.  This kit is for use with serum 

samples without additives only.  

• Avoid grossly hemolytic, lipidic or turbid samples. 

• Serum samples to be used within 24-48 hours may be stored at 2-8°C 

otherwise samples must be stored at -20°C to avoid loss of bioactivity 

and contamination. Avoid freeze-thaw cycles. 

• When performing the assay slowly bring samples to room temperature. 

• It is recommended that all samples be assayed in duplicate. 

Procedure: 

1. Prepare all FSH Standards before starting assay procedure. Remove all 

kit reagents from refrigerator and allow them to reach room temperature 

(20-25°C). Prepare the following reagents as indicated below. Mix 

thoroughly by gently swirling before pipetting.  Avoid foaming.  
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1. FSH Standards: 

          Reconstitute each FSH Standard vial with 0.6 mL of distilled or 

deionized water.  Allow each solution to sit for at least 15 minutes with 

gentle agitation. The FSH standard stock solutions are stable at 4°C for 3 

months.  Avoid freeze-thaw cycles.  

2. Substrate solution: 

1. Substrate A and Substrate B should be mixed together in equal 

volumes up to 15 minutes before use. It is recommended that all 

Standards and Samples be added in duplicate to the Microtiter Plate.  

2. First secure the desired number of coated wells in the holder, and then 

add 50 µL of Standards or samples to the appropriate well of the antibody 

pre-coated Microtiter Plate. 

3. Add 100µL of Conjugate into each well. Complete mixing in this step 

is important.  Cover and incubate for 1 hour at 37°C.  

4. Prepare Substrate Solution no more than 15 minutes before end of 

incubation.  

5. Wash the Microtiter Plate using one of the specified methods indicated 

below:  

Manual Washing: Remove incubation mixture by aspirating 

contents of the plate into a sink or proper waste container.  Using a squirt 

bottle, fill each well completely with distilled or de-ionized water then 

aspirate contents of the plate into a sink or proper waste container.  

Repeat this procedure four more times for a total of five washes. After 

final wash, invert plate, and blot dry by hitting plate onto absorbent paper 

or paper towels until no moisture appears. Hold the sides of the plate 
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frame firmly when washing the plate to assure that all strips remain 

securely in frame.  

Automated Washing: Aspirate all wells, then wash plates five 

times using distilled or de-ionized water.  Always adjust the washer to 

apirate as much liquid as possible and set fill volume at 350 µL/well/ 

wash (range: 350-400 µL).  After final wash, invert plate, and blot dry by 

hitting plate onto absorbent paper or paper towels until no moisture 

appear.  It is recommended that the washer be set for soaking time of 10 

seconds or shaking time of 5 seconds between washes.  

6. Add 100 µL Substrate Solution to each well.  Cover and incubate for   

15 minutes at 37°C. 

7. Add 50µL of Stop Solution to each well.  Mix well. 

8. Read the Optical Density (O.D.) at 450 nm using a microtiter plate 

reader within 30 minutes. 

Calculation:  

         This standard curve is used to determine the amount of follicle 

stimulating hormone (FSH) in an unknown sample.  The standard curve is 

generated by plotting the average O.D. (450 nm) obtained for each of the 

six standard concentrations on the vertical (Y) axis versus the 

corresponding FSH concentration (mIU/mL) on the horizontal (X) axis. 

1. First, calculate the mean O.D. value for each standard and sample.  All 

O.D. values are subtracted by the mean value of the zero-standard (0 

mIU/mL) before result interpretation.  Construct the standard curve using 

graph paper or statistical software.  
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2. To determine the amount of FSH in each sample, first locate the O.D. 

value on the Y-axis and extend a horizontal line to the standard curve.  At 

the point of intersection, draw a vertical line to the X-axis and read the 

corresponding FSH concentration.  

4) Measurement of Fasting Blood Insulin  

Insulin concentrations were measured in previously frozen and 

thawed serum samples by enzyme immunoassay using the Insulin ELISA 

kits. 

Principle: 

         The Rat Insulin ELISA is a solid phase Two-site enzyme 

immunoassay. It is based on the direct sandwich technique in which two 

monoclonal antibodies are directed against separate antigenic  

determinants on the insulin molecule, During incubation insulin in the 

sample reacts with peroxidase conjugated anti-insulin antibodies and anti-

insulin antibodies bound to the microtiter wells, A simple washing step 

removes unbound enzyme labeled antibody. The bound conjugate is 

detected by reaction with 3, 3’, 5, 5’-tetramethylbenzidine. The reaction 

is stopped by adding acid to give a colorimetric endpoint result that is 

read spectrophotometrically. 

Reagents provided: 

A. Insulin standards:  

         One vial, 5 ml, containing 0µ g/L and five vials, 1 ml, each 

containing concentrations of 0.15, 0.4, 1.0, 3.0 and 5.5 µ g/ L insulin.  

B. AntiinsuIin conjugate stock solution:  

         One vial, 0.6 ml, containing peroxidase conjugated mouse 

monoclonal anti-insulin. 
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C. Conjugate buffer, color coded blue  

         One vial (6 ml). The needed volume of conjugate solution is 

prepared by mixing 50 µl conjugate stock solution with 500 µl conjugate 

buffer (1+10) for each strip.  

D. Washing solution concentrate:  

         One bottle, 40 ml, to be diluted 1+20 with 800 ml distilled water to 

prepare washing solution.  

E. Peroxidase substrate (tetramethylbenzidine):  

         One vial, 22 ml, ready for use. 

F. Stop solution:  

         One vial, 7 ml, ready for use.  

Preparation of samples: 

Prior to use, all the samples were brought to room temperature. It’s 

recommended to vortex the samples before use. 

Parameters: 

Sample volume 25µl 

Volume of reaction mixture 75 µl. Incubation time and temperature; 2 

hours on a shaker at room temperature.  

 Procedure:  

         The reagents were allowed to reach room temperature 

(approximately 25°C) and were mixed by gentle inversion before use:  

 

1. 25 µl of the standards or unknown were added to anti-insulin wells.  

2. 50 µl of the conjugate solution was added to the standards and the 

unknown.  
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3. This was followed by incubation on a shaker for 2 hours at room 

temperature.  

4. Washed 6 times with automatic washer.  

5. 350 µl of washing solution was added to each well and aspirated 

completely.  

6. This was repeated 5 times, and after the final wash, the plate was 

inverted and tapped firmly against absorbent paper.  

7. 200 µl of peroxidase substrate was added to both the standards and the 

unknown.  

8. This was followed by incubation for 15 minutes at room temperature.  

9. 50 µl of stop solution was added and the plate was placed on the shaker 

for approximately 5 seconds to ensure mixing of substrate and stop 

solution,  

10. The absorbance was measured at 450 nm.  

Calculation: 

1. The absorbance values obtained for the standards were plotted against 

the insulin concentration on an in-log paper and a standard curve was 

constructed. 

1. The concentrations of the unknown samples were read from the 

standard curve. 

5) Measurement of Fasting Blood Glucose 

         The blood glucose was assayed by the method adopted by Trinder P 

(1969). The test materials for this method were supplied as kits by 

“Diamond Diagnostics”. 

Principle:  

         Glucose present in the sample is determined according to the 

following reactions:  
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Oxidation of glucose under the influence of glucose oxidase to gluconic 

acid, and hydrogen peroxide is produced.  

Glucose+02 +H20 →Gluconic acid+H202  

-The hydrogen peroxide acts on amino-4-antipyrine in the presence of 

phenol, giving rise to a colored complex (quinoneimine) which can be 

determined colorimetrically,  

H202 + Phenol + amino- 4-antipyrine → Quinoneimine + 4H20  

Reagents:  

The kit contained three reagents  

Reagent 1: This reagent is a standard solution of glucose; its 

concentration is 100mg/dl.  

Reagent 2: This reagent contain phosphate buffer (pH 7.2) at a 

concentration of 0.10 mol/l and phenol at a concentration of 10, 0 

mmol/L.  

Reagent 3: This reagent contain amino-4-antipyrine (0, 7 mmol/L), 

glucose oxidase (>20 U/mI) and peroxidase (>1.0 U/ml). 

Procedure: 

1. The contents of one bottle of reagent 3 was added to reagent 2, and 

mixed well until completely dissolved, this working solution was used 

after 10 min.  

2. A blank was prepared by placing 1.0 ml of the working solution in a 

clean dry tube.  

3. A standard solution was done by adding 1.0 ml of the working solution 

to l0 µl of the standard (RI).  

4. 10 µl of each sample was added separately to 1.0 ml of the working 

solution.  

5. All the tubes were mixed and incubated for 10 min at 37°C  
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6. Then, the absorbance of the standard and the samples were measured 

spectrophotometrically against blank at 500 nanometer light wave length. 

Calculation of homeostasis model assessment  

Insulin resistance Index (HOMA-IR):  

         Calculated as the product of fasting blood insulin (micro units/ ml) 

and fasting blood glucose (mmol/l) divided by 22.5. Lower index indicate 

greater insulin sensitivity. 

  

                            Fasting insulin (µIU/ml) × fasting glucose (mmol/l) 

HOMA- IR = ---------------------------------------------------------------- 

22.5 
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Appendix (IV) 
 سعس حسازي(1200)نماذج ألنظمة غرائُة 

     (Zamzam and Khalil, 2003)  
 

 

  

 

 النمىذج األول
 

 سعس حسازي 329اإلفطاز:

 ظؼس حسازٖ 100    زغيف ػيش أظًس         1/2

قخ خيدا                 1  ظؼس حسازٖ 79ثيضخ يعٕه

 ظؼس حسازٖ   150     كٕة ثهيهخ ثدٌٔ ظكس          

 سعس حسازي 385الغداء:

 ظؼس حسازٖ  100  ف ػيش أظًس        يزغ 1/2

 ظؼس حسازٖ 90ثدٌٔ شيذ                 ػهجخ رَٕخ

 ظؼس حسازٖ     95      طجق ظالطخ يزٕظظ انحدى

 خساو( 400)

  ظؼس حسازٖ  100يٕشح                                1

 سعس حسازي 195بعد الغداء بساعتُن:

 ظؼس حسازٖ  50كٕة شبٖ ٔأ قٕٓح ثدٌٔ ظكس    1

 ظؼس حسازٖ 145قطؼخ ثعكٕيذ ظبدح )يبزٖ(      3

 سعس حسازي 291العشاء:

 ظؼس حسازٖ. 180طجق كٕزٌ فهكط ثبنهجٍ )ثدٌٔ ظكس(   

 ظؼس حسازٖ   50خساو(           100قطؼخ خجٍ قسيش )

   ظؼس حسازٖ 61شسيحخ رٕظذ أظًس                     1

 النمىذج الثانً
 سعس حسازي 336اإلفطاز:

 

 ظؼس حسازٖ 100    زغيف ػيش أظًس         1/2

 ظؼس حسازٖ 150يالػق فٕل ثدٌٔ شيذ          3

 ظؼس حسازٖ 86كٕة حهيت خبنٗ اندظى          1

 سعس حسازي 480:الغداء

 ظؼس حسازٖ 270قطؼخ نحى يشٕٖ                2

 طجق يزٕظظ خضبز ظٕريّ 

 ظؼس حسازٖ 160)ػدا انجطبطط ٔانقهقبض(      

 ظؼس حسازٖ 50      زغيف أظًس                1/4

 بعد الغداء بساعتُن: 

 ظؼس حسازٖ 100يٕشح                            1

 سعس حسازي 284العشاء:

 ظؼس حسازٖ 61أظًس            رٕظذشسيحخ 

 ظؼس حسازٖ 79ثيضخ يعهٕقخ خيدا          1

 ظؼس حسازٖ 59كٕة شثبدٖ ثدٌٔ دظى        1

 ظؼس حسازٖ 85رفبحخ يزٕظطخ انحدى         1

 

 النمىذج الثالث
 سعس حسازي 290اإلفطاز:

 ظؼس حسازٖ 140زغيف ػيش ظٍ                       1

 ظؼس حسازٖ   50خساو(           100قطؼخ خجٍ قسيش )

 ظؼس حسازٖ 50كٕة شبٖ ثدٌٔ ظكس                         

 ظؼس حسازٖ 50                خٕافخ يزٕظطخ انحدى      1

 سعس حسازي 482الغداء:

ظؼس  290خساو نحى  يشٕٖ  200ظًكخ يشٕيخ أٔ 2

                                                                                                   حسازٖ                              

 ؼس حسازٖ                               ظ 97يالػق أزش يطجٕخ          3

 ظؼس 95  طجق يزٕظظ ظهطخ خضساء)ػدا اندصز( 

 حسازٖ 

 

 سعس حسازي 150: بعد الغداء بساعتُن

 ظؼس حسازٖ 100خٕافخ يزٕظطخ انحدى                   2

 ظؼس حسازٖ 50خعخ يزٕظطخ انحدى                     1

 سعس حسازي 278العشاء:

 ظؼس حسازٖ 158يعهٕقخ                          ثيضخ  2

 ظؼس حسازٖ  61                  أظًس شسيحخ رٕظذ1

 ظؼس حسازٖ 59كٕة شثبدٖ ثدٌٔ دظى                

 النمىذج السابع

 سعس حسازي 290اإلفطاز:

 ظؼس حسازٖ  61                  أظًس شسيحخ رٕظذ1

 ظؼس حسازٖ 79       ثيضخ يعهٕقخ خيدا             1

 ظؼس حسازٖ  50كٕة شبٖ أٔ قٕٓح ثدٌٔ ظكس     1 

 ظؼس حسازٖ 100يٕشح                                   1

 

 سعس حسازي 456الغداء:

 ظؼس حسازٖ 211كٕة ػدض يطجٕخ                 1

 ظؼس حسازٖ 100زغيف ػيش أظًس              1/2

 ظؼس حسازٖ 95طجق يزٕظظ ظهطخ خضساء)ػدا اندصز( 

 ظؼس حسازٖ 50يزٕظطخ انحدى                      خٕافخ  1

 سعس حسازي 145بعد الغداء بساعتُن:

ظؼس  145يهؼقخ ظكس                   1كٕة ػصيس ثسرقبل + 

 حسازٖ

 سعس حسازي 309العشاء:

 ظؼس حسازٖ 59كٕة شثبدٖ ثدٌٔ دظى        1

 ظؼس حسازٖ 100    زغيف ػيش أظًس         1/2

 ظؼس حسازٖ 150يالػق فٕل ثدٌٔ شيذ          3
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Appendix (V) 

  

Age and height for both groups (A and B). 
  

Height (cms) Age (yrs)  

 

No. 
Group (B) Group (A) Group (B) Group (A) 

157 163 25 30 1 

170 157 27 25 2 

157 157 25 27 3 

161 159 28 26 4 

159 157 25 31 5 

163 163 26 25 6 

165 165 27 25 7 

159 168 28 30 8 

168 165 25 25 9 

157 172 27 27 10 

166 159 27 26 11 

165 160 28 32 12 

158 168 30 27 13 

159 157 27 29 14 

160 166 35 31 15 
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Appendix (VI) 

Weight for both groups (A and B) before and after treatment. 

 

 

Weight (kgs) 

 

  

 

 

No. 
Group (B) 

 

Group (A) 

After ttt Before ttt After ttt Before ttt 

71 84 75 86 1 

95 115 71 84 2 

76 86 74 88 3 

78 89 71 89 4 

75 86 70 84 5 

74 88 85 100 6 

92 106 92 105 7 

89 100 88 100 8 

95 110 89 106 9 

74 86 98 118 10 

80 95 88 100 11 

81 97 72 88 12 

74 88 79 99 13 

71 87 69 86 14 

72 89 79 95 15 
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Appendix (VII) 

 
BMI for both groups (A and B) before and after treatment. 

 

BMI (kg/m
2
) 

 

 

 

 

No. 
Group (B) Group (A) 

After ttt Before ttt After ttt Before ttt 

28.80 34.08 28.23 32.37 1 

32.87 39.79 28.80 34.08 2 

30.83 34.89 30.02 35.70 3 

30.09 34.34 28.08 35.20 4 

29.67 34.02 28.40 34.08 5 

27.85 33.12 31.99 37.64 6 

33.79 38.94 33.79 38.57 7 

35.20 39.56 31.18 35.43 8 

33.66 38.97 32.69 38.94 9 

30.02 34.89 33.13 39.89 10 

29.03 34.48 34.81 39.56 11 

29.75 35.63 28.13 34.38 12 

29.64 35.25 27.99 35.08 13 

28.08 34.41 27.99 34.89 14 

28.13 34.77 28.67 34.48 15 
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Appendix (VIII) 

 
Waist circumference, hip circumference and waist /hip ratio for both 

groups (A and B) before and after treatment. 

 
 

Waist/hip ratio 
 

Hip circumference (cms) Waist circumference (cms)  

 

 
No. 

 

 

Group (B) 
 

Group (A) 

 

Group (B) 
 

Group (A) 

 

Group (B) 
 

Group (A) 

After  
ttt 

Before  
ttt 

After  
ttt 

Before  
ttt 

After  
ttt 

Before  
ttt 

After  
ttt 

Before  
ttt 

After  
ttt 

Before 
ttt 

After 
ttt 

Before 
ttt 

0.83 0.89 0.91 0.93 106 111 101 107 88 99 92 100 1 

0.93 0.95 0.88 0.89 114 120 102 115 106 114 90 102 2 

0.87 0.89 0.82 0.89 106 112 105 114 92 100 86 101 3 

0.88 0.90 0.82 0.90 107 112 110 116 94 101 90 104 4 

0.86 0.90 0.82 0.90 105 110 109 114 90 99 89 103 5 

0.88 0.90 0.88 0.91 107 114 109 118 94 103 96 107 6 

0.91 0.93 0.89 0.94 115 120 110 120 105 111 98 113 7 

0.89 0.92 0.89 0.92 114 119 109 119 101 110 97 110 8 

0.88 0.93 0.87 0.93 115 120 109 120 101 111 95 111 9 

0.83 0.85 0.86 0.94 111 118 110 120 92 100 95 113 10 

0.92 0.95 0.88 0.91 114 120 109 118 105 114 96 107 11 

0.90 0.95 0.84 0.89 114 119 104 115 103 113 87 102 12 

0.88 0.89 0.90 0.91 105 112 109 118 92 100 98 107 13 

0.91 0.92 0.83 0.89 103 112 110 116 94 103 91 103 14 

0.90 0.92 0.86 0.89 112 118 109 114 101 109 94 102 15 
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Appendix (IX) 

 
Serum25-hydroxyvitamin D for both groups (A and B) before and 

after treatment. 

 

Serum25-hydroxyvitamin D (ng/mL)  

 

 

No. 

 

Group (B) Group (A) 

After ttt Before ttt After ttt Before ttt 

19.2 17.5 20.5 16.04 
1 

22.9 21.3 35.3 21.9 
2 

20.1 17.4 27.8 19.3 
3 

19.3 17.7 31.7 20.7 
4 

19.4 17.9 32.4 25.2 
5 

16.3 15.03 21.8 16.3 
6 

25.4 22.6 25.8 16.2 
7 

19.8 17.8 21.4 16.8 
8 

22.6 20.1 20.2 13.1 
9 

16.5 13.2 28.1 19.6 
10 

28.1 17.2 25.9 17.8 
11 

16.2 15.6 35.2 21.4 
12 

22.5 20.3 25.4 17.5 
13 

16.1 15.2 28.3 19.2 
14 

25.7 22.4 31.4 21.5 
15 
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Appendix (X) 
 

Follicular size for both groups (A and B) before and after treatment. 

 

 

Follicular size( mm) 

 

 

 

 

No. 

 

Group (B) Group (A) 

After ttt Before ttt After ttt Before ttt 

18 9 21 12 
1 

14 10 20 13 
2 

16 8 22 12 
3 

19 13 21 9 
4 

16 9 18 11 
5 

19 12 21 10 
6 

15 10 19 12 
7 

19 12 19 10 
8 

18 11 22 9 
9 

19 13 20 11 
10 

12 7 20 12 
11 

19 12 18 8 
12 

15 7 15 9 
13 

12 8 16 7 
14 

15 10 20 11 
15 
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Appendix (XI) 

 
Female reproductive hormones (LH, FSH and LH/FSH ratio) for 

both groups (A and B) before and after treatment. 

 

LH/FSH ratio FSH (mIU/ml) 
LH (mIU/ml) 

  

 

 

No. 

 

 

Group (B) 

 

Group (A) 

 

Group (B) 

 

Group (A) 

 

Group (B) 

 

Group (A) 

After  

ttt 

Before 

ttt 

After 

ttt 

Before 

ttt 

After 

ttt 

Before 

ttt 

After 

ttt 

Before 

ttt 

After 

ttt 

Before 

ttt 

After 

ttt 

Before 

ttt 

1.23 1.27 1.5 1.58 4 4.1 4.6 6.4 4.9 5.2 6.9 10.1 
1 

2.19 2.53 1.29 1.30 5.7 6.2 3.9 4.08 12.5 15.7 5.02 5.3 
2 

1.29 2.84 1.79 2.61 8 4.5 3.8 4.02 10.3 12.8 6.8 10.5 
3 

1.75 2.67 2.76 3.33 4 4.09 5.1 5.02 7 10.9 14.1 16.7 
4 

1.83 2.02 2.87 2.51 5.9 6.03 4.2 4.8 10.8 12.2 12.05 12.04 
5 

1.53 1.62 1.09 2.55 4 4.2 10 6 6.1 6.8 10.9 15.3 
6 

1.07 1.05 2.45 2.66 4.2 4.8 5.6 6.1 4.5 5.03 13.7 16.2 
7 

1.21 1.26 2 2.52 5.04 5.3 5.4 6.5 6.1 6.7 10.8 16.4 
8 

2.78 3.33 1.34 1.70 4.5 5.04 3.8 4.01 12.5 16.8 5.1 6.8 
9 

1.5 2.78 1.42 1.78 10 5 4.8 5.01 15 13.9 6.8 8.9 
10 

2.53 3.35 1.83 2.05 5.1 5.02 5.03 5.9 12.9 16.8 9.2 12.1 
11 

2.51 3 1.06 2.36 4.8 5.1 7.1 4.2 12.03 15.3 7.5 9.9 
12 

1.71 2.45 1.08 2.75 8.5 5.5 6.5 4 14.5 13.5 7 11 
13 

1.78 2.66 1.30 2.57 4.5 3.5 4 3.5 8 9.3 5.2 9 
14 

1.14 2.20 1.02 2.55 7.2 2.5 9.8 5.3 8.2 5.5 10 13.5 
15 
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Appendix (XII) 

 
Fasting blood glucose for both groups (A and B) before and after 

treatment. 

 
Fasting blood glucose (mmol/l) 

 

 

No. 

 

 

Group (B) Group (A) 

After ttt Before ttt After ttt Before ttt 

6.2 8.9 5.03 5.8 1 

8.5 10.9 8.5 10.3 2 

6.9 8.5 6.5 8.2 3 

9.01 10.2 8.7 10.4 4 

10.5 12.8 10.1 12.7 5 

5.01 5.9 6.8 8.9 6 

5.2 6.7 8.6 10.1 7 

9.02 10.1 7.02 9.2 8 

8.9 10.4 8.9 10.04 9 

5.9 6.4 6.9 8.02 10 

6.2 8.9 5.2 5.9 11 

6.9 8.7 8.4 10.2 12 

5.03 5.7 5.3 5.9 13 

8.1 10.3 8.1 10.3 14 

6.2 8.7 7.03 9.2 15 
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Appendix (XIII) 
Fasting blood insulin for both groups (A and B) before and after 

treatment. 

Fasting blood insulin (µIU/ml) 

 

 

No. 

 

 

Group (B) 

 

Group (A) 

After ttt Before ttt After ttt Before ttt 

8.2 10.5 6.7 16.02 1 

10.9 12.02 10.2 12.6 2 

10.7 12.1 10.6 13.9 3 

10.6 10.9 10.1 12.3 4 

8.04 10.02 6.9 8.5 5 

9.5 12.8 10.3 12.7 6 

10.1 14.3 8.3 10.1 7 

10.2 10.6 6.5 10.3 8 

10.5 12.7 8.1 10.5 9 

8.7 10.2 8.2 12.4 10 

9.5 12.2 10.5 16.2 11 

8.4 10.4 6.4 10.5 12 

10.1 12.4 8.2 16.3 13 

8.3 10.2 10.2 12.6 14 

10.2 10.5 6.1 10.5 15 
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Appendix (XIV) 

 
HOMA-IR for both groups (A and B) before and after treatment. 

 

HOMA-IR   

 

No. 

 

 

 

Group (B) 

 

Group (A) 

After ttt Before ttt After ttt Before ttt 

2.26 4.15 1.5 4.13 1 

4.12 5.82 3.85 5.77 2 

3.28 4.57 3.06 5.07 3 

4.24 4.94 3.91 5.69 4 

3.75 5.7 3.10 4.8 5 

2.12 3.36 3.11 5.02 6 

2.33 4.26 3.17 4.53 7 

4.09 4.76 2.03 4.21 8 

4.15 5.87 3.20 4.69 9 

2.28 2.9 2.51 4.42 10 

2.62 4.83 2.43 4.25 11 

2.58 4.02 2.39 4.76 12 

2.26 3.14 1.93 4.27 13 

2.99 4.67 3.67 5.77 14 

2.81 4.06 1.91 4.29 15 

 


