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Physiological assessment of thyroid hormones and obesity among adult 

females in Gaza Governorates 

Raed Mustafa Mousa Mousa 
 

Abstract 
 

The present study was aimed to assess the physiological change in thyroid 

hormones and obesity among adult females in Gaza governorates. The study was 

case-control design comprised 94 obese females aged between 20-50 years and 

equal number non-obese with matched age. Questionnaire interview was applied 

and BMI was determined. Blood samples for CBC, serum glucose, lipid and 

protein profile, kidney and liver function, Ca2+, TSH, T3 and T4 levels were 

measured using Cell-Dyne-1800, spectrophotometer, electrolyte analyzer and 

ELISA reader respectively. A permission from local ethical committee (Helsinki) 

to conduct this study was obtained. The results showed that average BMI of obese 

females (cases) was 37.23±4.7 compared to that of control was 23.4±1.03. 

Obesity was more prevalent among less educated and unemployed females, 

families with low income, as well as among smokers. The number of cases who 

had diabetes, hypertension, compliance of medication and take supplements or 

vitamins was significantly higher than control. Obesity was significantly related 

to treatment of thyroid gland problems, history of hyperlipidemia, inappropriate 

weight gain and family history (p<0.05). Getting fatigue quickly, muscle 

weakness, consumption of marine food, eating just before bed time and sleep 

problems were significantly related to obesity. Regular exercise and walking 

regularly were also related to obesity. WBC, PLT and RDW  were  increased  in  

obese  females  compared to control. However, the increase in PLT and RDW 

was significant (p<0.05). RBC and MCHC were non significantly decreased 

whereas HGB, HCT MCV and MCH were decrease significantly in cases 

compared to control (P=0.001). The mean levels of glucose and HDL-C were non 

significantly whereas, the mean levels of TC, TG and LDL-C were significantly 

increased in cases compared to control (P=0.001). The mean levels of T. protein, 

albumin, globulin and uric acid non-significant increase in contrast, the mean 

levels of urea, creatinine, AST and ALT were found lower and non-significant in 
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cases compared to control (p>0.05). The mean level of TSH was significantly 

decreased in cases compared to control (% difference =-32.984 and P=0.001). In 

contrast, the mean levels of T3 and T4 were significantly increased among cases 

compared to control (% difference=9.485 and 6.326, p<0.05, respectively). After 

follow-up for six months among cases who used normal energy diet 

accompanied with regular  exercise leading to weight loss. The results showed 

that BMI was significantly lower after weight loss than before with % = -39 and 

P=0.001. The percentage of change for TC, TG and LDL-C after weight loss 

were decreased significantly compared with before weight loss -12.3, -18 and -

22, respectively. TSH was significantly increased after weight loss compared 

with mean before weight loss (3.2±1.7 Vs 2.05±0.6 µIU/ml, P=0.050 

respectively). While, T3 and T4 were significantly decrease after weight loss in 

obese females compared to the mean before. BMI showed weak positive 

correlations with T3 and T4 levels and negative correlation with TSH (P<0.05). 

TSH showed a significant negative correlations with T3 and T4 (r=-0.509, -0.456, 

respectively, P=0.001). Strong positive correlation were obtained between T3 and 

T4 level (r=0.815, P=0.001). Normal energy diet accompanied with exercise 

induces a long term decrease in T3 & T4 and enhances TSH level. Physiological 

alterations seem to improve after weight loss and therefore no treatment is 

needed. 

 

 

Key words: Thyroid hormones, Thyroid stimulating hormone, Obesity, adult 

females, Gaza governorates. 
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 دراست فسيىلىجيت لهرمىن الغذة الذرقيت والسمنت لذي اإلناث البالغاث في محافظاث قطاع غزة

 سائذ ٍصطفٚ ٍ٘عٚ ٍ٘عٚ

 ملخص الذراست

ٕذفذ ٕزٓ اىذساعخ ىَؼشفخ اىزغٞشاد اىفغٞ٘ى٘عٞخ فٜ ٍغز٘ٙ ٕشٍّ٘بد اىغذح اىذسقٞخ ٗػالقزٖب ثبىغَْخ ىذٙ 

ٍغَ٘ػخ ٍِ االّبس اىجبىغبد فٜ ٍؾبفظبد قطبع غضح. رٌ ارجبع ٍْٖغٞخ دساعخ اىؾبالد ٗاىش٘إذ ؽٞش رنّ٘ذ 

عْخ ثبإلظبفخ 20-50 اٗػ اػَبسِٕ ٍِ فشد ٍِ االّبس اىغَْٞبد )اىؾبالد( اىي٘ارٜ رزش 94ػْٞخ اىذساعخ ٍِ 

اىٚ ػذد ٍغبٗٛ ٍِ االّبس رٗاد اى٘صُ اىطجٞؼٜ )اىَغَ٘ػخ اىعبثطخ( ٍغ ٗع٘د رقبسة فٜ االػَبس ثِٞ 

( CBCٍغَ٘ػزٜ اىذساعخ. ٗقذ رٌ رؼجئخ االعزجٞبّبد ٗاؽزغبة ٍؤشش مزيخ اىغغٌ. رٌ فؾص رؼذاد اىذً اىنيٜ )

ٞبط ٍغز٘ٙ مو ٍِ اىغنش، اىذُٕ٘ ٗ اىجشٗرِٞ ، ٗظبئف اىنيٚ ٗ ، ٗ ق Cell-Dyne-1800ثبعزخذاً عٖبص 

، اٍب اىنبىغًٞ٘ اىؾش ثبعزخذاً اىنزشٗالٝذ. مزىل رٌ رؾذٝذ  ٍقٞبط اىطٞف اىع٘ئٜ اىنجذ ثبعزخذاً عٖبص

. ELISAاىضٞشِّٗٞ ٗ اىضٞشٗمغِٞ ثبعزخذاً رقْٞخ  ٝ٘د ٍغز٘ٝبد ٕشٍّ٘بد مو ٍِ ٍؾفض اىغذح اىذسقٞخ ، صبىش

٘ه ػيٚ ارُ ثبىَ٘افقخ ٍِ ىغْخ اخالقٞبد اىجؾش اىصؾٜ اىَؾيٞخ )ٕيغْنٜ( إلعشاء ٕزٓ اىذساعخ. مبُ رٌ اىؾص

. 23.4±1.03اػيٚ ٍْٔ فٜ اىَغَ٘ػخ اىعبثطخ  37.23±4.7ٍؤشش مزيخ اىغغٌ ىيْغبء اىغَْٞبد )اىؾبالد( 

ٗثْٞذ اىْزبئظ اُ اىغَْخ رؼذ امضش اّزشبسا ثِٞ اىْغبء االقو رؼيَٞب ٗغٞش اىَ٘ظفبد ٗاىؼبئالد االقو دخال 

ثبإلظبفخ اىٚ اىَذخْبد. مَب ثْٞذ اىْزبئظ ٗع٘د اسرفبع فٜ اّزشبس ٍشض اىغنش ٗظغػ اىذً اىَشرفغ ٗمزىل 

ٍقبسّخ ثبىَغَ٘ػخ اىعبثطخ. مبُ ْٕبك ػالقخ راد رْبٗه االدٗٝخ ٗاىَنَالد اىغزائٞخ ٗاىفٞزبٍْٞبد ػْذ اىؾبالد 

دالىخ اؽصبئٞخ ثِٞ اىغَْخ ٗمو ٍِ اىَزغٞشاد اىزبىٞخ )اىؼالط ثغجت ٍشبمو فٜ اىغذح اىذسقٞخ ٗ اسرفبع ٍغز٘ٙ 

اىذُٕ٘ فٜ اىذً فٜ اىَبظٜ ، اىضٝبدح اىالفزخ ىيْظش فٜ اى٘صُ ، اىزبسٝخ اىَشظٜ فٜ اىؼبئيخ ، اىشؼ٘س اىغشٝغ 

االً اىؼعالد ، رْبٗه مَٞبد مبفٞخ ٍِ اىَأم٘الد اىجؾشٝخ ، رْبٗه ٗعجخ غؼبً قجو اىًْ٘ ٍجبششح ،  ثبىزؼت ،

. ٗقذ ٗعذ اسرفبع فٜ اػذاد مشاد (p<0.05)ٍشبمو اىًْ٘ ٗمزىل ٍَبسعخ اىشٝبظخ ٗ اىَشٜ ثشنو ٍْزظٌ( 

سرفبع مبُ رٗ دالىخ اؽصبئٞخ ػْذ اىؾبالد ٍقبسّخ ثبىع٘اثػ ٕٗزا اال RDWاىذً اىجٞعبء ٗاىصفبئؼ اىذٍ٘ٝخ ٗ 

فنبّذ ٍْخفعخ ٗىٌ رؼػ أٛ   MCHC، اٍب خالٝب اىذً اىؾَشاء ٗ  RDW (p<0.05)ػْذ اىصفبئؼ اىذٍ٘ٝخ ٗ

مبُ اّخفبظٌٖ رٗ دالىخ اؽصبئٞخ  MCV   ٗMCHدالىخ اؽصبئٞخ ، ثَْٞب اىَٖٞ٘عي٘ثِٞ ، اىَٖٞبر٘مشٝذ ، 

قبد راد دالىخ اؽصبئٞخ فٜ ٍز٘عػ ٍغز٘ٙ اىغي٘م٘ص ٗ (. ىٌ رظٖش اىْزبئظ اٛ فشٗ(P=0.001ػْذ اىؾبالد 

اىجشٗرِٞ اىشؾَٜ ػبىٜ اىنضبفخ ػْذ اىؾبالد ٍقبسّخ ثبىؼْٞخ اىعبثطخ ، ثَْٞب مبّذ ّزٞغخ ٍز٘عػ مو ٍِ 

اىن٘ىٞغزشٗه ، اىذُٕ٘ اىضالصٞخ ٗاىجشٗرِٞ اىشؾَٜ ٍْخفط اىنضبفخ اػيٚ ٗرٗ دالىخ اؽصبئٞخ فٜ اىؾبالد ٍْٖب 

(. مبّذ ّزٞغخ ٍز٘عػ مو ٍِ اىجشٗرِٞ اىنيٜ ، االىجٍِ٘ٞ ، اىغي٘ث٘ىِٞ ٗمزىل (P=0.001بثطخ فٜ اىؼْٞخ اىع

ٗاىنبىغًٞ٘ اىؾش اقو ٗثذُٗ دالىخ اؽصبئٞخ  AST  ، ALTؽَط اىٞ٘سٝل اػيٚ ثَْٞب اىٞ٘سٝب ، اىنشٝبرِْٞٞ ، 

ٙ ٕشٍُ٘ ٍؾفض اىغذح ٍِ ّبؽٞخ اخشٙ مبُ ٍز٘عػ ٍغز٘ (p>0.05). فٜ اىؾبالد ٍْٖب فٜ اىؼْٞخ اىعبثطخ 

اىذسقٞخ اقو ، ػيٚ ػنظ ٕشٍّ٘بد رشٝ٘دٗصٞشِّٗٞ ٗاىضٞشٗمغِٞ مبّذ اػيٚ فٜ اىؾبالد ٍْٖب فٜ اىؼْٞخ 
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. ثؼذ عزخ اشٖش ٍِ ٍزبثؼخ اىؾبالد اىزٜ رؼبّٜ ٍِ (p<0.05)اىعبثطخ ٗقذ مبّذ اىْزبئظ راد دالىخ اؽصبئٞخ 

بظخ ٍَب ادٙ اىٚ ّقصبُ اٗصاٌّٖ ٗػيٞٔ ،اظٖشد ّزبئظ اىغَْخ ؽٞش قبٍ٘ا ارجبع ؽَٞخ غزائٞخ ٍَٗبسعخ اىشٝ

% فٜ ٍؤشش مزيخ اىغغٌ ػْذ اىؾبالد ثؼذ فقذاُ 93اىذساعخ ٗع٘د اّخفبض ٌٍٖ ٗرٗ دالىخ اؽصبئٞخ ثْغجخ 

%  ،  12.3- . ثؼذ فقذاُ اى٘صُ ى٘ؽع ٗع٘د اّخفبض ٌٍٖ ٗرٗ دالىخ اؽصبئٞخ ثْغجخ رغٞشP=0.001اى٘صُ ، 

ز٘عػ مو ٍِ اىن٘ىٞغزشٗه ، اىذُٕ٘ اىضالصٞخ ٗاىجشٗرِٞ اىشؾَٜ ٍْخفط اىنضبفخ %  فٜ 22ٍ- % ٗ   18-

ػيٚ اىز٘اىٜ. ٍِ ّبؽٞخ اخشٙ ٗثؼذ فقذاُ اى٘صُ اٝعب اسرفغ ٍز٘عػ ٍغز٘ٙ ٕشٍُ٘ ٍؾفض اىغذح اىذسقٞخ ثشنو 

، ثَْٞب ٕشٍّ٘بد  µIU/ml 2.05±0.6   ،(P=0.050ٍقبثو   1.7±3.2ٍيؾ٘ظ ٗثذالىخ اؽصبئٞخ ٍَٖخ )

اىضٞشِّٗٞ ٗاىضٞشٗمغِٞ فقذ اّخفعذ ثذالىخ اؽصبئٞخ ٍَٖخ ثؼذ اُ فقذد اىْغبء اىغَْٞبد اٗصاِّٖ.  ٝ٘د صبىش

اىضٞشِّٗٞ  ٝ٘د ظٖشد ػالقبد اٝغبثٞخ ظؼٞفخ ّغجٞب ٗراد دالىخ اؽصبئٞخ  ثِٞ ٍؤشش مزيخ اىغغٌ ٗمو ٍِ صبىش

صبئٞخ ٍغ ٕشٍُ٘ ٍؾفض اىغذح اىذسقٞخ ٗ اىضٞشٗمغِٞ ، ثَْٞب مبّذ اىؼالقخ عيجٞخ ّغجٞب ٗراد دالىخ اؽ

(P<0.05 اىٖشٍُ٘ اىَؾفض ىيغذح اىذسقٞخ، اظٖشد اىذساعخ ثبُ ىٔ ػالقخ عيجٞخ ٗرٗ دالىخ اؽصبئٞخ ٍغ مو .)

(. ٗقذ رٌ P=0.001ػيٚ اىز٘اىٜ ،  =r= -0.509) ،-0.456 r  اىضٞشِّٗٞ ٗ اىضٞشٗمغِٞ ٝ٘د ٍِ صبىش

اىضٞشِّٗٞ ٗاىضٞشٗمغِٞ  ٝ٘د دالىخ اؽصبئٞخ ثِٞ ٕشٍّٜ٘ صبىشاىؾص٘ه ػيٚ ػالقخ اٝغبثٞخ ق٘ٝخ ٗراد 

(r=0.815  ،P=0.001 ّٔٗخيصذ اىذساعخ ثب .) ٚثؼذ ارجبع ؽَٞخ غزائٞخ ٍَٗبسعخ اىشٝبظخ عٞؤدٛ ػي

اىزغٞٞشاد  ٗعٞظٖش رؾغِ فٜ TSH. ٍغز٘ٝبد ، ٗٝؼضص T3  ٗ T4ٍِ اىَذٙ اىجؼٞذ اىٚ اّخفبض ٍغز٘ٝبد

 .ى٘صُ ، ٗثبىزبىٜ ىٞظ ْٕبك ؽبعخ إىٚ اىؼالطاىفغٞ٘ى٘عٞخ ثؼذ فقذاُ ا
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Chapter 1 

Introduction  

 

1.1 Overview 

Obesity is increasingly being identified as a major epidemic today raising 

worldwide health concerns. The main role of the pituitary hormone thyrotropin 

(TSH) is to regulate the function of the thyroid gland. The serum level of TSH is 

a reliable index of the biological activity of thyroid hormones (THs) (Asvold et 

al., 2009). THs is an important modulator of lipid metabolism and metabolic 

rate, favoring lipolysis and increasing the use of fatty acids as fuels, resulting in 

reduced fat accumulation and body weight (Friedman, 2009).  

The rapidly rising number of individuals who are overweight and obese has 

been called a worldwide epidemic of obesity,  about 13% of the world‘s adult 

population (11% of men and 15% of women) were obese in 2014 (WHO, 2015). 

Women are more likely to be overweight and obese than their male counterparts, 

which has far-reaching effects on reproductive health and specifically 

pregnancy, with obese women facing an increased risk of gestational diabetes, 

preeclampsia, operative delivery, fetal macrosomia, and neonatal morbidity. The 

etiology of obesity is highly complex encompassing genetic, environmental, 

physiologic, cultural, political, and socioeconomic factors, making it 

challenging to develop effective interventions on both a local and global scale 

(Mitchell and Shaw, 2015). 

In the past 10 years, several clinical studies evaluated the issue of hormonal 

changes associated with obesity in Gaza strip (Zabut et al., 2009 and AL-Jedi, 

2011). The relationship between thyroid profile and Body Mass Index (BMI) 

has previously been studied but not well understood furthermore, most recent 

studies focusing on this relationship have conflicting results (Knudsen et al., 

2005). 
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This study evaluated the association of obesity among females with other factors 

like thyroid stimulating hormone (TSH), total triiodothyronine (T3), total 

thyroxine  (T4), glucose, complete blood count (CBC), calcium, protein, kidney, 

liver and lipid profile. 

 

1.2 Objectives 

General objective    

The overall aim of this study is to assess THs status and its relationship with 

obesity before and after weight loss among adult females in Gaza Governorates.      

 

Specific objectives 

1. To determine levels of TSH, T3 and T4 among the study population. 

2. To measure CBC among the study population. 

3. To evaluate glucose level and measure lipid profile include total cholesterol 

(TC), triglycerides (TG), high density lipoprotein cholesterol (HDL-C), and 

low density lipoprotein cholesterol (LDL-C) among the study population.  

4. To measure protein profile include total protein (T protein), albumin and 

globulin as well as free (ionized) calcium (Ca
2+

) among the study population.  

5. To estimate kidney function through determination of urea, creatinine and 

uric acid as well as liver function through determination of aspartate 

aminotransferase (AST) and alanine aminotransferase (ALT) among the study 

population. 

6. To evaluate significant physiological and biochemical parameters among 

cases before and after weight loss during six months follow-up. 

 

1.3 Significance 

Obesity is prevalent in our community. In general, approximately, 71.9% of 

Palestinians of the age group between 25 to 65 years suffer from overweight. 

This percentage increases the probability of chronic diseases such as 



3 
 

hypertension, diabetes and thus further enhance of heart attack and stroke. In 

Gaza strip, approximately, 43.4% in the same age category suffers from obesity, 

of which 53.6% females (Ministry Of Health, MOH, 2012). Therefore, thyroid 

hormones disorder has been recently linked to obesity. Examination of T4, T3 

and TSH is required in obese subjects in an attempt to understand the 

association of these hormones with obesity. This study brought into focus this 

risk health problem. The results of this research may draw the attention of the 

entire spectrum of Palestinian society to consider these results.  
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Chapter 2 

Literature review 

 

2.1 Overview of obesity 

Obesity is defined as abnormal or excessive fat accumulation that may impair 

health (WHO, 2015). It is a complex, multifactorial disease that develops from 

the interaction between genotype and the environment (Mota and  Zanesco,  

2007). The name is derived from the Latin word obesus, which means fattened 

by eating (Fisher et al., 1975). Obesity was first recognized as a disease by the 

World Health Organization (WHO) in 1948 at the time of its formation (James, 

2008). Obesity is a major public health problem resulting in serious social, 

physical and psychological damage (Kopelman, 2000 and Kantachuvessiri, 

2005). 

 

2.2 Prevalence of obesity 

The increase in prevalence of overweight and obesity has been described as an 

important problem worldwide. Epidemiological studies estimated that 

prevalence of overweight/obesity increase of approximately 41 % between 1980 

and 2013 (Ng et al., 2014). In some European countries as many as six out of ten 

adults are now classified as overweight or obese (Webber et al., 2014). More 

than 1.9 billion adults, 18 years and older, were overweight, from which, over 

600 million were obese and worldwide 3.4 million deaths each year are related 

to obesity (WHO, 2014). The prevalence of overweight and obesity in Egypt, 

Bahrain, Jordan, Kuwait, Saudi Arabia and United Arab Emirates ranges from 

74% to 86% in women and 69% to 77% in men (WHO, 2015). These data 

indicate a much higher prevalence of obesity among adult women, while 

overweight is more marked among adult men. In Palestine, 36.6% of the age 

group between 25 to 65 years suffers from obesity, 30.6% of males and 43.3% 
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females. In Gaza strip, 43.4% suffer from obesity in this age group, of which 

34.3% males and 53.6% females (Ministry Of Health, MOH, 2012). 

  

2.3 Classification of obesity  

BMI is a simple index use for assessment of overweight and obesity (WHO, 

2015). BMI asses the overweight and obesity in terms of height and weight. It is 

simple anthropometric tool and has been widely used as surrogate measurements 

of assessment of obesity (Gupta and Kapoor, 2014). For adults 20 years old and 

older, BMI is interpreted using standard weight status categories. These 

categories are the same for men and women of all body types and ages. The 

international classification of adult underweight, overweight and obesity 

according to BMI are shown in table 2.1.  

 

Table 2.1: Classification of weight status (WHO, 2015) 

weight status BMI (kg/m
2
) 

Healthy weight 18.5 to 24.9 

Over weight 25.0 to 29.9 

Obesity  

Class I 30.0 to 34.9 

Class II 35.0 to 39.9 

Class III >40 

Being over a healthy weight is a major risk factor for many chronic conditions 

including diabetes, heart disease, and several types of cancer. Studies showed 

that BMI increases can shorten life expectancy by up to ten years (Prospective 

Studies Collaboration, PSC, 2009). There is growing medical recognition of 

obesity as a disease with genetic and psychological elements. In June 2014, the 

American Medical Association (AMA) classified obesity as a ―disease‖ 

requiring a range of medical interventions to advance obesity treatment and 

prevention (AMA, 2014).  
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2.4 Etiology of obesity 

The amount of the adipose tissue is tightly regulated through neural and humoral 

signals transmitted to the brain. Failure of fat cells to send adequate signals or 

failure of the brain to respond to appropriate signals causes obesity (Berthoud, 

2002). 

  

2.4.1 Energy balance and food intake: Energy balance is determined by the 

interplay between food intake, energy expenditure and energy storage. Obesity 

is a multifactorial disorder resulting from combination of several environmental 

and genetic factors. Reduction in physical activity, metabolic rate and 

thermogenesis eventually decrease energy expenditure leading to increased 

energy storage and obesity. Availability of palatable food as well as 

hypothalamic injury and different drugs stimulate food intake. A growing list of 

genetic factors including dysmorphic syndromes,  leptin/receptor mutation, beta-

3 adrenergic receptor (β-3 AR) mutation and overexpression of Neuropeptide Y 

(NPY) contribute to development of obesity (Tatiana et al., 2009) (Fig. 2.1). 

 

 

Fig. 2.1. Energy balance and etiology of obesity (Tatiana et al., 2009). 

 

The type of food eaten can play a role in disturbing the energy balance. Fat has 

more calories per gram compared to carbohydrates or proteins. There are 9 
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calories per gram of dietary fat, whereas caloric value of carbohydrates and 

proteins is only 4 calories (Mattes, 2008). Obese people try to diet to lose 

weight, but when a subject reduces calorie intake, there is a shift in to negative 

energy balance (Hill et al., 2012). An individual loses weight but, in parallel, the 

resting metabolic rate decreases, and there is a concomitant reduction in energy 

expenditure. Probably, the system is trying to return the body weight to the ―set 

point‖, which implies maintenance of energy balance is dependent on numerous 

metabolic feedback loops that are tuned by an individual‘s susceptibility genes 

(Tatiana et al., 2009). Thus, an individual who was previously obese and is now 

of normal weight, generally needs fewer calories for maintaining that weight 

than an individual who has never been obese. The decrease in energy 

expenditure appears to be largely due to an alteration in the conversion 

efficiency of chemical energy to mechanical work in skeletal muscle. This 

adaptation to the caloric restriction contributes to the difficulty of maintaining 

weight loss by diet (Blundell and Gillett, 2001). 

 

2.4.2 Genetics: Like many other medical conditions, obesity is the result of 

interplay between behavior, environment, and genetic factors (Albuquerque and 

Stice, 2015). Genes give the body instructions for responding to changes in its 

environment. Rarely, a clear pattern of inherited obesity within a family is 

caused by a specific variant of a single gene (monogenic obesity). Most obesity, 

however, probably results from complex interactions among multiple genes and 

environmental factors that remain poorly understood (multifactorial obesity) 

(Bouchard, 2010 and Choquet & Meyre, 2011). Studies have identified variants 

in several genes that may contribute to weight gain and body fat distribution; 

although, only in a few cases are genes the primary cause of obesity (Adams & 

Murphy, 2000 and Kushner and Bessesen, 2007). More than a century‘s worth 

of research has shown that there is a significant link between obesity and 

genetics (Price et al., 2002). One study found that 80% of the offspring of two 
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obese parents were obese, in contrast to less than 10% of the offspring of two 

parents who were of normal weight (Kolata, 2007). 

 

2.4.3 Diet: High-fat diet promotes excessive energy intake by passive over 

consumption; fat-induced appetite control signals are too weak or too delayed to 

prevent excessive energy intake from a fatty meal (Jequier, 2002).  In addition to 

the increase in food portion sizes, consumption of obesity-promoting fats and 

sugar, the consumption of sugar-sweetened beverages (SSBs) has increased 

internationally as well, also linked to obesity (Brownell et al., 2010). 

Approximately 67% of SSBs consumed are soda (Powell et al., 2009 and 

Fletcher et al., 2010). Behavioral and biological mechanisms are responsible for 

the connection between the consumption of SSBs and the risk for obesity, 

diabetes, and heart disease. For example, adverse physiological and metabolic 

effects of sugar include the elevation of TG levels and blood pressure and the 

lowering of HDL-C levels (―good‖ cholesterol), which could increase the risk of 

coronary heart disease (Brownell et al., 2011). 

 

2.4.4 Exercise: Another major contributing factor of obesity is lack of exercise. 

Caloric balance is one of the most important factors that relates to obesity. 

According to the Centers for Disease Control and Prevention (CDC) being 

overweight and obese results from an energy imbalance caused by eating too 

many calories and not getting enough exercise (CDC, 2012). Thus, by 

consuming as many calories as expended and vice-versa, a person‘s weight will 

remain stable. Obesity results if the food intake exceeds physical activity and an 

abnormally large amount of energy is stored within the body (Smith, 2008 and 

Chaput et al., 2011). 

 

2.4.5 Pollution: Endocrine disruptors, which manipulate the hormones that 

control body weight, are thought to be a potential cause of obesity (Keith et al., 
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2006). These disruptors have numerous common sources such as 

pharmaceuticals, plastics, food, and toys (Niehs, 2010). Carcinogens that focus 

on adipose (fat) tissue, such as organochlorine pesticides and polychlorinated 

biphenyls (PCBs) may also have an effect on weight (Irigaray et al., 2007). 

 

2.4.6 Sleep: Research indicates a link between obesity and lack of sleep. The 

National Health and Nutrition Examination Survey I (NHANES) of more than 

9,000 participants in 1982-1984 determined that those getting less than seven 

hours of sleep at night were more likely to become obese (Miranda, 2004). Less 

sleep typically means greater exposure to light thereby throwing off one‘s 

natural internal mechanisms like their metabolism. Additionally, it‘s possible 

that when one is awake longer they may ingest more food. Numerous studies 

have indicated a clear relationship between lack of sleep and obesity. It has also 

been shown that lack of sleep may make it more difficult to lose fat. A 

preliminary study conducted in 2009 compared two groups of people on a 

nutritionally balanced, calorie-reduced diet with one group getting at least seven 

hours of sleep and the other getting approximately five hours of sleep. Those on 

the sleep restricted plan lost only 26% of fat but those following the normal 

sleep plan lost 56% of fat indicating that sleep plays a considerable role in fat 

reduction (Spivey, 2010). 

  

2.4.7 Depression: Depression may lead to obesity and obesity may lead to 

depression. The cause and effect relationship of depression and obesity is poorly 

understood but the two are linked (Dixon & Brien, 2003 and Bovbjerg, 2008). 

Studies showed that obese people have a 55% chance of becoming depressed 

over time and depressed people have a 58% chance of becoming obese over time 

(Preidt, 2010). At the center of the obesity-depression link is biology in which 

the route of communication between the hypothalamus, the part of the brain that 

governs parts of the nervous system, and the pituitary and adrenal glands, which 
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secrete a variety of hormones, work together to maintain chemical equilibrium 

when the body is under stress. This hormonal pathway, called the hypothalamic–

pituitary–adrenal (HPA) axis, is responsible for releasing cortisol, known as the 

"stress hormone," which plays a critical role in metabolizing energy. However, 

cortisol encourages the body to deposit fat around the abdomen, a pattern that is 

especially hazardous to one‘s health. Therefore, stress not only contributes 

toward the chances of depression but weight gain as well (Lawson, 2012). 

Obesity is associated with socioeconomic disadvantage and low levels of 

physical activity, both of which are strong predictors of depression (Evan, 2010).  

  

2.4.8 Medication: Although there are numerous drugs treat obesity, many 

medicines cause weight gain as an unintended side effect. Certain anti-

depressants, anti-convulsants, diabetes medications, hormones, and most 

corticosteroids can contribute to the potential for obesity (Jensen et al., 2014). 

Many prescription drug side effects contribute to a sedentary or unhealthy 

lifestyle that consequently causes weight-gain. Corticosteroids, for instance, can 

make one feel hungry which may cause weight gain, while anti-depressants can 

cause a person to crave high-energy or sugary foods (Bray and Ryan, 2012). 

 

2.4.9 Socioeconomic Factors: People with a lower income tend to consume a 

high-fat, energy dense diet because it is more affordable than a healthier diet 

comprised of lean meats, fresh fruits, and vegetables (Drewnowski and Specter, 

2010). Studies have shown that diets based on energy-dense foods are less 

satisfying, nutrient deficient, (James et al., 1997) and may lead to passive 

overeating (Jones, 2006). Additionally, commercial physical activity-related 

facilities are less likely to be found in lower-income neighborhoods and in 

neighborhoods with a greater minority population. The availability of fitness-

related facilities is directly related to income level, meaning that financially 

disadvantaged households have less of an opportunity to go to such facilities. 
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Rural areas are also less likely to house such businesses than urban ones (Powell 

et al., 2006). 

 

2.4.10 Eating Disorders: There is a linkage between dieting, eating disorders, 

and obesity (Kjelsas et al., 2004). While dieting is often conceived as solutions 

to the rising obesity epidemic, a number of studies suggest that dieting is not 

effective in preventing weight gain, and in some cases, dieting may actually be 

associated with an increased risk of obesity among children and adolescents 

(Haines and Dianne 2006). Dieting may promote weight loss but restrictive 

eating may provoke disordered eating which may then lead to obesity (The 

National Eating Disorders Collaboration NEDC, 2015). There are two types of 

eating disorders known to contribute to obesity: binge eating disorder (BED) and 

night eating syndrome (NES) (Stunkard and Allison, 2002). Adolescent girls that 

diet have three times the chance of becoming obese than those that do not diet. 

This is because of the cyclical pattern of restrictive eating followed by 

overeating or binge eating (Haines and Dianne, 2006). NES is more common in 

obese people than non-obese people. It affects about 33% of morbidly obese 

persons (those who are 100 pounds or more overweight) and its prevalence 

increases with weight (WHO, 2010). 

 

2.5 Obesity and Dyslipidemia 

Obesity is also linked to an increased prevalence of dyslipidemia. Dyslipidemia 

is an abnormal amount of lipids, such as TC and TG, in the blood and is a 

widely accepted risk factor for cardiovascular disease (CVD) (Singh et al., 

2011). Obesity-related dyslipidemia is primarily characterized by increased 

levels of plasma free fatty acids (FFA) and TG, decreased levels of HDL-C, and 

abnormal LDL-C composition (Fig. 2.2). The most significant contributing 

factor for obesity-related dyslipidemia is likely uncontrolled fatty acid release 

from adipose tissue, especially visceral adipose tissue, through lipolysis, which 
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causes increased delivery of fatty acids to the liver and synthesis of very-low-

density lipoprotein (VLDL) (Saleh et al., 1999, Clemente et al., 2011, Klop et 

al., 2012 and Jung & Choi, 2014). 

 

 

Fig. 2.2. Mechanisms of dyslipidemia in obesity 

CE: cholesteryl esters, CETP: cholesteryl ester transport protein, FFA: free fatty acids, HDL: 

high-density lipoproteins, HL: hepatic lipase, LDL: low-density lipoproteins, LPL: lipoprotein 

lipase, TG: triglyceride, VLDL: very-low-density lipoprotein (Jung and Choi, 2014). 

 

2.5.1 Mechanisms of dyslipidemia in obesity 

An increased FFA release from adipose tissue via lipolysis can result in 

enhanced delivery of FFA to the liver. The enhanced FFA leads to increased TG 

and VLDL production in the liver as well as inhibition of lipoprotein lipase 

(LPL) in adipose tissue and skeletal muscle, thereby promoting 

hypertriglyceridemia. Moreover, the increased VLDL in the liver can inhibit 

lipolysis of chylomicrons, which also contributes to hypertriglyceridemia. The 

TG in VLDL is exchanged for cholesteryl esters (CE) from LDL and HDL by 

the cholesteryl ester transport protein (CETP), producing TG-rich LDL and 
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HDL. The TG in the LDL and HDL is then hydrolyzed by hepatic lipase (HL), 

producing both small, dense LDL and HDL. The decreased HDL concentration 

and formation of small, dense LDL particles are linked to a higher risk of CVD 

(Fig. 2.2). The red arrows indicate increased (when pointing upward) or 

decreased (when pointing downward) responses to obesity (Jung and Choi, 

2014).  

 
 

2.6 Thyroid hormones and obesity 

Recently there has been increased interest in the association between thyroid 

function and obesity. Based on the notion that T3 controls metabolic and energy 

homeostasis and influences body weight, thermogenesis, lipolysis and 

metabolism of TC, and that TSH via receptors in fat tissue, induces 

differentiation of preadipocytes into adipocytes and expansion of adipose tissue 

(adipogenesis). An elevated level of TSH with normal peripheral THs 

concentration suggesting sub-clinical hypothyroidism has been consistently 

found in obese subjects (Stankiewicz, 2013). 

 

2.7 Thyroid gland 

The thyroid is a highly vascular, brownish-red gland located on the anterior side 

of the neck, lying against and around the larynx and trachea, reaching 

posteriorly the oesophagus and carotid sheath. The gland varies from an H to a 

U shape. It is a butterfly-shaped organ and composed of two cone-like lobes or 

wings: lobus dexter (right lobe) and lobus sinister (left lobe), connected with the 

isthmus as show in (Fig. 2.3). The thyroid is one of the largest endocrine glands 

of the body, weighing 25-30 gram in adults (it is slightly heavier in women). 

The gland enlarges during menstruation and pregnancy (Robbins, 1998). The 

thyroid controls how quickly the body burns energy, makes proteins, and how 

sensitive the body should be to other hormones. 
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2.7.1 Parathyroid glands 

The parathyroid small glands at the rear corners of the thyroid‘s lobes make 

parathormone (PTH), which increases the levels of calcium in the blood (Fig. 

2.3). It helps bones to release their stored calcium, to increase calcium 

absorption in the intestines and to prevent calcium loss in kidneys (Of Health 

And Beauty, OHAB, 2012). 

 

 

Fig. 2.3. Thyroid gland (OHAB, 2012) 

 

2.7.2 Thyroid gland and hormones secretion 

The primary function of the thyroid is production of the hormones T3, 

T4 and calcitonin, which helps control blood calcium levels. Up to 80% of the 

T4 is converted to T3 by organs such as the liver, kidney and spleen. T3 is 

several times more powerful than T4, which is largely a prohormone, perhaps 

four or even ten times more active (Stephen and Saffron, 2001). These 

hormones regulate the rate of metabolism and affect the growth and rate of 

function of many other systems in the body, including maintenance of body 

weight, rate of energy use from blood glucose and heart rate (Boron & 

Boulapep, 2012 and OHAB, 2012).  
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2.8 Thyroid stimulating hormone (TSH) 

TSH (also known as thyrotropin, or hTSH for human TSH) is a pituitary 

hormone that stimulates the thyroid gland to produce T4 and then T3 which 

stimulates the metabolism of almost every tissue in the body (Chan and Sell, 

2001). It is a glycoprotein hormone synthesized and secreted by thyrotrope cells 

in the anterior pituitary gland, which regulates the endocrine function of the 

thyroid (Sacher et al., 2000). 

 

2.8.1 Physiology and Subunits of TSH 

TSH is a glycoprotein and consists of two subunits, the alpha (α) and the beta 

(β) subunit. The α subunit (i.e., chorionic gonadotropin alpha) is nearly identical 

to that of human chorionic gonadotropin (hCG), luteinizing hormone (LH), and 

follicle-stimulating hormone (FSH). The α subunit is thought to be the effector 

region responsible for stimulation of adenylate cyclase involved the generation 

of  Cyclic adenosine monophosphate (cAMP) (Lalli and Sassone, 1995). The α 

chain has a 92-amino acid sequence. The β subunit (TSH β) is unique to TSH, 

and therefore determines its receptor specificity (Porcellini et al., 2003). The β 

chain has a 118-amino acid sequence. 

 

2.8.2 TSH receptor 

The TSH receptor is found mainly on thyroid follicular cells (Parmentier et al., 

1989). Stimulation of the receptor increases T3 and T4 production and secretion. 

Stimulating antibodies to this receptor mimic TSH and cause Graves' disease. In 

addition, hCG shows some cross-reactivity to the TSH receptor and therefore 

can stimulate production of THs. In pregnancy, prolonged high concentrations 

of hCG can produce a transient condition termed gestational hyperthyroidism 

(Fantz et al., 1999). This is also the mechanism of trophoblastic tumors 

increasing the production of THs. 
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2.9 T3, T4 and TSH production and action 

T4 and T3, together referred to as thyroid metabolic hormones, play an 

important role in basal metabolism and the functioning of almost all tissues and 

systems in the body. In addition to T4 and T3, TSH secretion typically is 

maintained within relatively narrow limits via a sensitive negative feedback loop 

in which TSH stimulates the synthesis and release of THs that in turn negatively 

feed back to the hypothalamus and anterior pituitary to limit further TSH release 

(Walter et al., 2012). Based on the functional interrelationship of the 

hypothalamus, pituitary gland, and thyroid, TSH should be elevated if the 

thyroid gland is not producing adequate THs, and suppressed if it is producing 

too much (Fig. 2.4), (James and Linda, 2013). 

 

 

Fig.2.4. Thyroid Functions, (James and Linda, 2013) 

 

The hypothalamus releases thyrotropin releasing hormone (TRH), which 

travels via a venous plexus to the anterior lobe of the pituitary gland and 

stimulates release of TSH. TSH then induces production of T4 by the thyroid. 

In response to the concentration of free T4 (FT4), which influences the amount 

of T3 produced in each site, both the hypothalamus and the pituitary alter 



17 
 

production of TRH and TSH, respectively. Elevated FT4 inhibits production, 

while low FT4 stimulates production (James and Linda, 2013). In humans 

100% of circulating T4 is secreted by the thyroid gland, but only 20% of T3 is 

derived from this source. The remaining 80% of T3 is generated by peripheral 

conversion of T4 to T3. The kinetics of T3 metabolism differs from those of T4 

because of the 10- to 15-fold lower affinity of T3 for thyroid binding globulin. 

Thus, for circulating T3 approximately 0.3% is in the free active form and for 

T4 only 0.02%. The overall production rate of T3 per day is approximately half 

that of T4 (50 vs 110 nmol), and circulating levels of free T3 (FT3) are 

approximately 3- to 4-fold less than that for FT4 (5 vs 20 pmol/liter). The half-

life of circulating T4 is estimated at 6.7 days and that for T3 of 0.75 days, but 

the T3 represent the active form of THs (Russell et al., 2008). TSH (with a half-

life of about an hour) stimulates the thyroid gland to secrete the hormone T4, 

which has only a slight effect on metabolism. T4 is converted to T3. The 

concentration of THs (T3 and T4) in the blood regulates the pituitary release of 

TSH; when T3 and T4 concentrations are low, the production of TSH is 

increased, and, conversely, when T3 and T4 concentrations are high, TSH 

production is decreased. (Estrada et al., 2014) (Fig. 2.4). 

 

2.10 Thyroid hormones effects on target tissues  

TH has important tissue effects, which are classified into three major aspects: 

general thermogenesis, mediated by increase the basal metabolic rate; general 

metabolic effects, mediated by stimulates protein and lipid turnover, and 

carbohydrate metabolism; and effects on growth and developmental (Hernando 

and Eliana, 2015). All cells in the body are targets for THs. While not strictly 

necessary for life, THs have marked effects on the growth, development, and 

metabolism, and deficiency in TH is not compatible with normal health (Cheng 

et al., 2010 and Gregory, 2012). THs also regulates important functions in 

specific tissues such as:  
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1- Bone:  

THs is required for skeletal development and establishment of peak bone mass. 

Hypothyroidism in children results in growth retardation with delayed skeletal 

development, whereas thyrotoxicosis accelerates bone maturation. In adults, T3 

regulates bone turnover and bone mineral density, and normal euthyroid status is 

essential to maintain optimal bone strength. Population studies indicated that 

hypothyroidism and hyperthyroidism are both associated with an increased risk 

of fracture. Nevertheless, the mechanism of T3 action in bone is incompletely 

understood (Graham, 2009). 

 

2- Heart:  The effects of THs on the cardiovascular system are the most 

clinically useful and sensitive signs of thyroid dysfunction. Regarding 

pathophysiology, thyroid dysfunction has essential cardiovascular consequences 

in myocardial contractility, peripheral hemodynamics, and heart rate (Fig.2.6) 

(Danzi and Klein, 2012). THs enhances overall total protein synthesis in the 

heart (Dillmann, 1996). Hyperthyroid patients have a high output 

circulation state, whereas hypothyroid patients have low cardiac output, 

decreased stroke volume, decreased vascular volume, and increased 

systemic vascular resistance (Klein and Ojamaa, 1998).  THs, in addition to their 

direct effects on cardiovascular function, also have indirect effects mediated 

through the autonomic nervous system, renin-angiotensin-aldosterone system 

(RAAS), and renal function, and resultant changes in vasoreactivity, arterial 

stiffness, and atherosclerosis (Grais and Sowers, 2014). The importance of 

vascular function and especially aortic stiffness as assessed by pulse wave 

velocity is high, as arterial stiffness is an independent and strong predictor of 

cardiovascular prognosis and all-cause mortality (Vlachopoulos et al., 2010 and 

Vlachopoulos et al., 2012).  
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Fig.2.5 Effects of thyroid hormones on cardiovascular function. 

T3: triiodothyronine, T4: thyroxine. T3 affects tissue thermogenesis, systemic vascular 

resistance, blood volume, cardiac contractility, heart rate, and cardiac output as 

indicated by the arrows (Danzi and Klein, 2012). 

 

3- Liver: THs can cause chronic liver disease (Kano et al., 1987 and Carulli et 

al., 2013), when their levels in the body are out of balance. The liver is a 

typical target organ of THs. Equal amounts of THs receptor α1 and β1 (TRα1 

and TRβ1) proteins are expressed in human hepatocytes (Chamba et al., 1996). 

Earlier studies reported that treatment with T3 analogs prevents hepatic 

steatosis and hepatitis (Liangpunsakul and Chalasani, 2003 & Naehrlich et al., 

2013). Additionally, THs has potential therapeutic applications in hepatitis B 

and C (Itoh et al., 1990 and Ghanaei et al., 2012). The liver in turn metabolizes 

THs and regulates their systemic endocrine effects. Therefore thyroid 

dysfunction may disturb liver functions and liver diseases modulate THs 

metabolism )Malik and Hodgson, 2002). Increases in AST and ALT after 
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starting anti-thyroid treatment for grave‘s disease is not due to the side effects of 

anti-thyroid drug but may be induced by changes in thyroid function (Kubota et 

al., 2008). Liver has a key role in THs metabolism and their serum level is very 

important for normal hepatic function and bilirubin metabolism. Besides the 

associations between thyroid and liver diseases of an autoimmune nature, such 

as primary biliary cirrhosis and thyrotoxiosis, thyroid diseases are frequently 

associated with liver injuries and biochemical test abnormalities, i.e., elevation 

of ALT, AST. These thyroids liver associations may cause diagnostic confusions 

and neglect of these facts may result in over or under diagnosis of associated 

liver or thyroid diseases (Huang and Liaw, 1995). 

 

4- Hypothalamic - Pituitary - Thyroid Axis:  Low levels of THs in the blood 

are detected by the hypothalamus and the pituitary (Thyroid Foundation of 

Canada, TFC, 2015). THs can negatively regulate TRH at the 

transcriptional level, which in turn decreases transcription of TSH mRNA 

(Yamada et al., 1989). TRH is released, stimulating the pituitary to release TSH. 

Increased levels of TSH, in turn, stimulate the thyroid to produce more THs, 

thereby returning the level of THs in the blood back to normal (Shupnik et al., 

1989).  

 

5- Brain:  THs play a particularly crucial role in brain maturation during fetal 

development. Cells of the developing brain are a major target for the thyroid 

hormones T3 and T4 (Kester et al., 2004). Neonatal hypothyroidism  due to 

genetic causes and iodine deficiency in humans can cause mental 

retardation and neurological defects (Ares et al., 2005 and Delange, 2005). 
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Chapter 3 

Materials and methods 

 

3.1 Study design 

The present study is a case - control type. 

 

3.2 Study population 

The study population comprised two groups, the cases (obese women with BMI 

>30 kg/m
2
), and control (non-obese women with BMI 18.5-24.9 kg/m

2
). Cases 

and control were aged matched (20-50) years reside in Gaza Governorates and 

collected from private nutritional centers and hospitals. 

 

3.3. Sampling and sample size 

The sample size estimated 188 samples based on evaluation of obesity among 

adult females in Gaza Governorates. Ninety four obese females were selected 

from Gaza governorates, considered as case and another 94 of normal weight 

females who have the same conditions were selected as a control group. The 

sample size calculations were based on the formula for case-control studies. 

EPI-INFO statistical package version 3.5.1 was used with 95% CI, 80% power 

and 50% proportion as conservative and OR>2. The sample size in case of 1:1 

ratio of case control was found to be 81:81. For a no-response expectation, the 

sample size was increased to 94 obese females and the control also consisted of 

94 normal weight females. 

 

3.4 Inclusion criteria 

A. Case group 

Obese females (BMI over 30 kg/m
2
) aged 20-50 years old. 

 

B. Control group 

Normal weight (BMI 18.5-24.9 kg/m
2
) aged 20-50 years.  
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3.5 Exclusion criteria 

Apparently not healthy or pregnant women were excluded. 

 

3.6 Anthropometric measurements (BMI) before and after weight loss 

BMI used for the evaluation of the obesity. The weighed and height of females 

without shoes were obtained using DETECTO DR400C, USA, digital floor 

scale at the base to measure weight height and BMI simultaneously. Body mass 

index is a statistical measurement used to indicate if individuals are overweight, 

obese, underweight or normal. 

BMI = Weight in Kilograms / (Height in Meters)
 2

 

BMI Categories: (WHO, 2015). 

 Underweight : < (18.5) kg/m
2
 

 Normal weight : (18.5-24.9) kg/m
2
 

 Overweight : (25-29.9) kg/m
2
 

 Obesity : BMI of (30) kg/m
2
 or greater 

o Obese class I: 30.0-34.9 

o Obese class II: 35.0-39.9 

o Obese class III: ≥40.0 

 

3.7 Questionnaire 

Study population for both cases and control was interviewed (Annex 1). All 

interviews were conducted face to face by the researcher himself and 

information obtained arranged in especial form, which included name, age, sex, 

marital status, education, employment, family income/month, governorates, 

smoking, obesity items, thyroid disorders, eating habits, and physical activity.  

 

3.8 Ethical considerations and permissions 

Helsinki committee approval and permission was obtained (Annex 2). Each 

patient has been given informed consent to get approval for her participation in 

this study and the objectives of the study have been explained to her.  
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3.9 Blood sample collection  

Five ml of venous blood was drawn from control, cases before and after weight 

loss, fasting females about twelve hours, 2ml in EDTA tube to perform CBC 

and 3m1 in serum tube. The blood samples were allowed to clot at room 

temperature for 20 minute. Serum were separated by centrifugation for 10 

minute at 2500 rpm, the separated samples were frozen at -20
o
C. The following 

parameters were assessed before weight loss using standard methods with most 

recent instruments such as, Mindray, immulite and cell-dyn 1800. 

 CBC. 

 Fasting blood glucose (FBG). 

 Lipid profiles; TC, TG, LDL- and HDL-cholesterol. 

 Protein profile; T protein, albumin and globulin. 

 Kidney Function; urea, creatinine and uric acid. 

 Liver Function; AST and ALT. 

 Free (ionized) calcium (Ca
2+

). 

 TSH, T3 and T4. 

 The following parameters were assessed after weight loss  

 Lipid profiles; TC, TG, LDL- and HDL-cholesterol. 

 TSH, T3 and T4. 

 

3.10 Physiological and biochemical parameters 

3.10.1 Hematological parameters 

CBC of cases and control was determined using Cell-Dyne 1800. A complete 

system of reagents of control and calibrator according to (Cell-Dyn System, 

2006). 

 

3.10.2 Determination of serum glucose 

Serum glucose was quantitatively determined by enzymatic colorimetric method 

using diagnostics system (Diasys) international kit, (Barham and Trinder, 1972).  
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Glucose is oxidized by glucose oxidase (GOD) into gluconic acid and hydrogen 

peroxide. In presence of peroxidase (POD), hydrogen peroxides react with 

phenol and 4-aminoantipirine to form Quinoneimine, whose intensity at 500 nm 

is proportional to the glucose concentration in the sample.  

 

Glucose + O2     GOD    Gluconic acid + H2O2 

2H2O2 + Phenol + 4-Aminoantipirine    POD       Quinoneimine + 4H2O  

 

Reagents  

Reagent 

 

Concentration 

 Phosphate buffer (pH 7.5) 

Phenol 

4-Aminoantipyrine 

Glucose oxidase (GOD) 

Peroxidase (POD) 

250 mmol/l 

5 mmol/l  

0.5 mmol/l 

≥ 15 ku/l  

  ≥ 1 ku/l 

Standard 

 

100 mg/dl 

  

Assay procedure 

 10 μl of standard (sample or standard) was added to 1ml of the 

reagent and mixed well. 

 The mixture was incubated for 10 min at 37 ºC. 

 The absorbance was measured within 60 min against reagent blank. 

Calculation 

 Glucose (mg/dl) = ∆A sample  X concentration of standard  

 

Reference value (fasting glucose)  

                   Adult 

 

        70 – 115 mg/dl 

  

  

∆A standard 
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3.10.3 Determination of serum total cholesterol (TC) 

Serum TC was quantitatively determined by enzymatic colorimetric method 

using Diasys diagnostics system international kit (Richmond, 1973). 

 

Principle 

Determination of cholesterol after enzymatic hydrolysis and oxidation. The 

colorimetric indicator is quinoneimine which is generated from 4-

aminoantipyrine and phenol by hydrogen peroxide under the catalytic action of 

peroxidase. 

The measurement is based on the following enzymatic reactions:  
 

Cholesterol esters + H2O   CHE       Cholesterol+ Fatty acids  
 

Cholesterol + O2   
    CHO       Cholesterol -3-one + H2O2  

 

2 H2O2 + phenol + 4-Aminoantipyrine     POD    Quinoneimine + 4 H2O  

 

Reagents  

Concentrations are those in the final test mixture. 

Reagent 

 

Concentration 

 Good‘s buffer (pH 6.7) 

Phenol 

4-Aminoantipyrine 

Cholesterol esterase (CHE) 

Cholesterol oxidase (CHO) 

Peroxidase (POD) 

 

50 mmol/l 

5 mmol/l 

0.3 mmol/l 

≥ 200 u/l 

≥ 100 u/l 

≥ 3 ku/l 

 Standard 

 

200 mg/dl 

  

Assay procedure 

 Ten μl of standard (sample or standard) was added to 1ml of 

working reagent and mixed well. 
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 The mixture was incubated for 5 min at 37 ºC.  

 The absorbance was measured within 60 min against reagent blank.            

  

Calculation    

Cholesterol (mg/dL) = ∆A sample X concentration of standard  

 

Reference value 

Adult (desirable) 

 

≤ 200 mg/dl 

  

 

3.10.4 Determination of serum triglycerides (TG) 

Serum TG was quantitatively determined by enzymatic colorimetric method 

using Diasys diagnostics system international kit (Fossati and Principe, 1982). 

  

Principle  

Determination of triglycerides after enzymatic splitting with lipoprotein lipase. 

Indicator is quinoneimine which is generated from 4-aminoantipyrine and 4-

chlorophenol by hydrogen peroxide under the catalytic action of peroxidase.  

                              

Triglycerides     LPL     Glycerol + fatty acid  
  

Glycerol + ATP                 Glycerol-3-phosphate + ADP  
 

Glycerol-3-phosphate + O2                  Dihydroxyaceton  phosphate + H2O2 
  

 

2H2O2 +Aminoantipyrine+4-Chlorophenol              Quinoneimine + HCl+ 4H2O 

 

  

GPO 

     POD 

GK 

∆A standard 
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Reagents  

Concentrations are those in the final test mixture. 

Reagent 

 

Concentration 

 Cood's buffer (pH 7.2) 

4-Chlorophenol 

ATP 

Mg
2+

 

Glycerokinase (GK) 

Peroxidase (POD) 

Lipoprotein lipase (LPL) 

4-Aminoantipyrine 

Glycerol-3-phosphate-oxidase (GPO) 

 

50 mmol/l 

4 mmol/l 

2 mmol/l 

15 mmol/l 

≥ 0.4 KU/I 

≥ 2 KU/I 

≥ 2 KU/I 

0.5 mmol/l 

≥ 0.5 KU/I 

 
Standard 

 

200 mg/dl 

  

 

Assay procedure 

 Ten μl of standard (sample or standard) was added to 1ml of 

working reagent and mixed well. 

 The mixture was incubated for 5 min at 37 ºC.  

 The absorbance was measured within 60 min against reagent blank.  

 

Calculation  

Triglycerides (mg/dL) =   ∆A sample   X concentration of standard 

 

Reference Value 

Adult (desirable)  < 200mg/dl 

 

 

∆A standard 
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3.10.5 Determination of serum high density lipoprotein cholesterol (HDL-c) 

Liquid HDL-C precipitant for the determination of HDL-C using Diasys 

Diagnostic Systems, Germany (Grove, 1979). 

 

Principle 

Chylomicrons, VLDL-C and LDL-C were precipitated by adding 

phosphotungstic acid and magnesium ions to the sample. Centrifugation leaves 

only the HDL-C in the supernatant, their cholesterol content is determined 

enzymatically using cholesterol reagent. 

 

Reagents  

Reagent 

 

Concentration 

 Monoreagent contain: Magnesium chloride 

                                   Phosphotungstic acid 

 

1.4 mmol/l 

8.6 mmol/l 

 Cholesterol standard 

 

200 mg/dl 

  

Assay procedure 

1- Precipitation 

 Two hundred μl of standard (sample) were added to 500 μl of the 

precipitation reagent and mixed well. 

 The mixture was allowed to stand for 15 min at room temperature, 

and then centrifuged for 20 min at 4000 rpm. 

 

2-Cholesterol determination 

  One hundred μl of the supernatant of standard (sample or standard) 

was added to 1ml of the cholesterol reagent and mixed well. 

 The mixture was incubated for 5min at 37 ºC.  

 The absorbance was measured within 45 min against reagent blank. 
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Calculation 

  HDL-C (mg/dL) =  ∆A sample   X concentration of standard 

 

Reference value 

Adult: Male 

Female 

 

35 – 65 mg/dl 

35 – 80 mg/dl 

  

  

3.10.6 Determination of serum low density lipoproteins cholesterol (LDL- c) 

LDL-C was calculated using the empirical relationship of Friedewald 

(Grove, 1979).  

 

Principle               

LDL-C is most commonly estimated from quantitative measurements of total 

and HDL-C and plasma TG using the empirical relationship of Friedewald. 

 

The Equation  

LDL-C = TC - HDL-C - TG/5  

 

Reference value 

Desirable                    130 mg/dl 

Borderline high risk   130–160 mg/dl 

High risk                     > 160 mg/dl  

 

 

3.10.7 Determination of serum total protein 

Total protein was determined by photometric test according to biuret method 

using Diasys diagnostics system international kit, Germany (Thomas, 1998).  

  

 

∆A standard 
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Principle 

Together with copper ions, proteins form a violet blue color complex in alkaline 

solution. The absorbance of the color is directly proportional to the 

concentration.                                     

 

Reagents 

Components and Concentrations 

Reagent  Concentration 

R1: Sodium hydroxide                                  

       Potassium sodium tartrate 

100 mmol/L 

17 mmol/L 

R2: Sodium hydroxide 

       Potassium sodium tartrate 

       Potassium iodide 

       Copper sulphate 

500 mmol/L 

80 mmol/L 

75 mmol/L 

30 mmol/L 

Standard 5g/dL 

 

 

Assay procedure 

 Twenty microliters of standard (sample or control) was added to 

1ml of working reagent and mixed well. 

 The mixture was incubated for 1 - 5 minute then absorbance 

(A1) was recorded. 

 After exactly further 60 min the absorbance (A2) was measured 

against reagent blank. 

 

Calculation 

∆A = (A2 –A1) sample or standard 

 

Total protein (g/dl) = ∆A sample   X concentration of standard 
                                    ∆A standard 
 

Reference Range                                                

Adults:  6.6 - 8.8 g/dl 
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3.10.8 Determination of serum albumin 

           Albumin was determined by photometric test according to bromocresol green 

method using Diasys diagnostics system international kit, Germany            

(Thomas, 1998).  

 

Principle  

Serum albumin in the presence of bromocresol green at a slightly acid pH 

produces a color change of the indicator from yellow-green to green-blue.  

                               

Reagents 

Components and concentrations in the test 

Reagent  Concentration 

Citrate buffer  pH 4.2 30 mmol/L 

Bromocresol green                                         0.26 mmol/L 

Standard 5g/dL 

 

 

Assay Procedure 

 Ten μl of standard (sample or control) was added to 1ml of 

working reagent and mixed well. 

 The mixture was incubated for 10 min at 37 ºC.  

 The absorbance was measured within 60 min against reagent blank.  

 

Calculation 

Albumin (g/dl) = ∆A sample   X concentration of standard 
                             ∆A standard 
 

Reference Range 

Adults:  3.5 – 5.2 g/dl 
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3.10.9 Determination of serum globulin 

Globulin was calculated using the empirical according to Equation:  

Globulin (g/dl) = total protein – albumin. 

 

3.10.10 Determination of serum urea 

Serum urea was quantitatively determined by colorimetric method using Diasys 

diagnostics system international kit (Fawcett and Scott, 1960). 

 

Principle 
  
Urea+ 2H2O                       2NH4

+
 + 2HCO3

-
 

  
2-Oxoglutarate + NH4

+ 
+ NADH                        L-Glutamate + NAD

+
 + H2O

 
 

 

Reagents  

Concentrations are those in the final test mixture. 

Reagent 

 

Concentration 

 
R1: TRIS       PH 7.8 

 

2- Oxoglutarate 

ADP 

Urease 

GLDH 

 

120 mmol/l 

7 mmol/l 

0.6 mmol/l 

6 ku/l 

≥ 1 ku/l 

 
R2: NADH 

 

0.25 mmol/l 

 
Standard 

 

50 mg/dl 

 
 

Assay procedure 

 Ten microliters of standard (sample or standard) was added to 

1ml of working reagent and mixed well. 

 The mixture was incubated for 30 sec then absorbance (A1) 

was recorded. 

 After exactly further 60 sec the absorbance (A2) was measured 

against distilled water. 

Urease     

TT 

GLDH 
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Calculation 
 

∆A = (A1 –A2) sample or standard 

 

 Urea (mg/dl) = ∆A sample   X concentration of standard 
                          ∆A standard 
 

Adult 

 

13 - 43 mg/dl 

   

 

  3.10.11 Determination of serum creatinine 

Serum creatinine was determined by using kinetic test without deproteinization 

according to Newman and Price method (Newman and Price, 1999) using 

DiaSys reagent kits. 

 

Principle 

Creatinine forms a colored orange-red complex in an alkaline picrate solution. 

The difference in absorbance at fixed times during conversion is proportional to 

the concentration of creatinine in the sample. 

 

 Creatinine + Picric acid                       Creatinine picrate complex   
 

Reagents 

Concentrations are those in the final test mixture. 

Reagent 

 

Concentration 

 R1: Sodume hydroxide (pH approx. 13) 

 

0.16 mol/l 

 R2: Picric acid (pH approx. 1.2) 

 

4.0 mmol/l 

 Standard 

 

2.0 mg/dl 

  

Assay procedure 

 Fifty microlitters of standard (sample or control) was added to 1ml of 

working reagent add and mixed well. 

 The Mixture was incubated for 60 sec then absorbance (A1) was recorded. 
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 After exactly further 120 sec the absorbance (A2) was measured against 

distilled water. 

 

Calculation 

∆A = (A1 – A2) sample or standard 

Creatinine (mg/dl) = ∆A sample   X concentration of standard 
                                   ∆A standard 
 

Reference value (in serum) (Palestinian clinical laboratory tests guide, 

PCLTG, 2005) 
 

Adult: Male 
 

Female 

 

0.6 - 1.2 mg/dl 
 

0.5 -1.1 mg/dl 

  

 

3.10.12 Determination of serum uric acid 

Serum uric acid was determined by Enzymatic photometric test TOOS (N-ethyl-

N-(hydroxy-3-sulfopropyl)-m-toluidin), using Diasys diagnostics kit (Newman 

and Price, 1999).   

 

Principle 

Uric acid is oxidized to allantoin by uricase. The generated hydrogen peroxide 

reacts with 4-aminoantipyrine and N-ethyl-N-(hydroxy-3-sulfopropyl)-m-

toluidin (TOOS) to a blue violet dye. Ascorbate oxidase avoids interference by 

ascorbic acid and other reducing substances.  

 

 Uric acid + H2O + O2                      Allantoin + CO2     + H2O2 
 

 TOOS + 4-Aminoantipyrine + 2 H2O2                        Indamine + 3 H2O 

 

  

Uricase     

TT 

POD 
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Reagents 

Concentrations are those in the final test mixture. 

Reagents Concentration  

R1:   Phosphate buffer                pH 7.0  

         TOOS   

         Ascorbate oxidase 

   100 mmol/L 

   1.25 mmol/L 

   1.2KU/L 

R2:   Phosphate buffer               pH 7.0 

         4-Aminoantipyrine 

         K4[Fe(CN)6] 

         Peroxidase (POD) 

         Uricase 

   100 mmol/L 

   1.5 mmol/L 

    50 µmol/L 

    5 kU/L 

    250 U/L 

Standard:     6 mg/dL  

 

 

Assay Procedure 

Sample 

 

20μl 

 Reagent 1 

 

1000μl 

 Mix, incubate for 5 min., then add: 

 Reagent 2 

 

250μl 

 Mix, incubate 5 min. at 37 °C or 10 min. at 20 – 25 °C. Read the 

absorbance against the reagent blank within 30 min at wavelength 550 nm. 

  

 

Calculation 

 Uric acid (mg/dL) = A Sample     X concentration of standard 

 

Reference value  

Adult:  Male 

Female 

 

3.5 – 7.2 mg/dl 

2.6 -6.0 mg/dl 

 

A Standard 
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3.10.13 Determination of serum aspartate aminotransferase (AST) 

Serum AST activity is measured by using optimized ultraviolet-test according to 

International Federation of Clinical Chemistry and Laboratory Medicine 

(Thomas, 1998) using DiaSys reagent kit. 

 

Principle  

L-Aspartate + 2-Oxoglutarate                         L-Glutamate +  Oxalacetate 
 

Oxalacetate + NADH + H
+
                         L-Malate + NAD

+
 

 

Reagents 

 

Reagent 

 

Components 

 

Concentrations 

  
 
 

Reagent 1 
 

TRIS pH 7.65 
 

L- Aspartate 
 

MDH (Malate dehydrogenase) 

LDH (lactate dehydrogenase) 

 

80 mmol/l 
 

240 mmol/l 

≥ 600 U/l 

≥ 900 U/l 

  

Reagent 2 
 

2-Oxoglutarate 
 

NADH 

 

12 mmol/l 
 

0.18 mmol/l 

 
 
 

Assay Procedure 

 

Sample 

 

100μl 

 
Monoreagent 

 

1000μl 

 
Mix, read absorbance after 1 min. and start stopwatch. Read 

 

absorbance again 1, 2 and 3 min thereafter, at wavelength 340 nm. 

 
 
 

Calculation 

From absorbance readings calculate ∆A/min and multiply by the corresponding 

factor from table below: 

∆A/min x factor = ASAT activity (U/L) 

ASAT 

MDH 
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 Reference Range  

Women                                                          < 31 U/l 

 Men                                                               < 35 U/l 

 

 

3.10.14 Determination of serum alanine aminotransferase (ALT) 

Serum ALT activity is measured by using optimized ultraviolet-test according to 

International Federation of Clinical Chemistry and Laboratory Medicine 

(Thomas, 1998) using DiaSys reagent kit. 

 

Principle 

Addition of pyridoxal-5-phosphate (P-5-P) stabilizes the activity of 

transaminases and avoids falsely low values in samples containing insufficient 

endogenous P-5-P, e.g. from patients with myocardial infarction, liver disease 

and intensive care patients. 

 

L-Alanine + 2-Oxoglutarate                            L-Glutamate + Pyruvate 

 

 Pyruvate + NADH + H
+
                              D-Lactate + NAD

+
 

 

Reagents 

 

Reagent 

 

Components 

 

Concentrations 

  
 

Reagent 1 
 

TRIS pH 7.5 
 

L- Alanine 
 

LDH (lactate dehydrogenase) 

 

100 mmol/l 
 

500 mmol/l  

≥ 1700 U/l 

 
 

Reagent 2 
 

2-Oxoglutarate 
 

NADH 

 

15 mmol/l 
 

0.18 mmol/l 

  

 

 

ALAT

TT 

LDH 



38 
 

Assay Procedure 

Substrate Start 

Sample 

 

100μl 

 Reagent 1 

 

1000μl 

 Mix, incubate for 5 min., then add: 

 Reagent 2 

 

250μl 

 Mix, read absorbance after 1 min. and start stopwatch. Read 

absorbance again 1, 2 and 3 min thereafter, at wavelength 340 nm. 

  

 

Calculation 

From absorbance readings calculate ∆A/min and multiply by the corresponding 

factor from table below: 

∆A/min x factor = ALT activity [U/L] 

 

Reference Range 

Women                          < 31 U/L 

Men                                < 41 U/L 

 

 

3.10.15 Determination of serum free (ionized) calcium (Ca
2+

) 

Serum Ca
2+

 is measured by Electrolyte Analyzer using Diamond SmartLyte 

Electrolyte Analyzer.   

The Diamond SmartLyte Electrolyte Analyzer is a completely automated system 

measuring Ca
2+

 in whole blood serum Utilizing Ion Selective Electrode (ISE) 

technology. 

 

Reference Range 

4.2 - 5.4 mg/dl  
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3.10.16 Determination of serum thyroid stimulating hormone (TSH) 

Quantitative determination of TSH concentration in serum was done using 

ELISA Micro wells (Enzyme Linked Immuno Sorbent Assay) test kit (USA) 

(Hopton and Harrap, 1986).  

 

Principle  

Immunoenzymometric assay (TYPE 3): 

The essential reagents required for an immunoenzymometric assay include high 

affinity and specificity antibodies (enzyme conjugated and immobilized), with 

different and distinct epitope recognition, in excess, and native antigen. In this 

procedure, the immobilization takes place during the assay at the surface of a 

microplate well through the interaction of streptavidin coated on the well and 

exogenously added biotinylated monoclonal anti-TSH antibody. Upon mixing 

monoclonal biotinylated antibody, the enzyme-labeled antibody and a serum 

containing the native antigen, reaction results between the native antigen and the 

antibodies, without competition or steric hindrance, to form a soluble sandwich 

complex. The interaction is illustrated by the following equation: 

EnzAb (p) + AgTSH + 
Btn

Ab (m)  ↔
ka EnzAb (p)-AgTSH-

Btn
Ab (m)  

                                k-a 

Btn
Ab (m) = Biotinylated Monoclonal Antibody (Excess Quantity) 

AgTSH = Native Antigen (Variable Quantity) 

EnzAb (p) = Enzyme -Polyclonal Antibody (Excess Quantity) 

 EnzAb (p)-AgTSH-
Btn

Ab (m) = Antigen-Antibodies Sandwich Complex 

 ka  = Rate Constant of Association 

 k-a = Rate Constant of Disassociation  

Simultaneously, the complex is deposited to the well through the high affinity 

reaction of streptavidin and biotinylated antibody. This interaction is illustrated 

below: 
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EnzAb (p)-AgTSH- 
Btn

Ab (m) +StreptavidinCW immobilized complex 

StreptavidinCW = Streptavidin immobilized on well 

Immobilized complex = sandwich complex bound to the solid surface.  

 

After equilibrium is attained, the antibody-bound fraction is separated from 

unbound antigen by decantation or aspiration. The enzyme activity in the 

antibody-bound fraction is directly proportional to the native antigen 

concentration.      

 

Reagents 

Materials Provided: 

A. Thyrotropin Calibrators – 1ml/vial  

Seven (7) vials of references for TSH Antigen at levels of 0(A), 0.5(B), 2.5(C), 

5.0(D), 10(E), 20(F) and 40(G) µIU/ml. Store at 2-8
o
C. A preservative has been 

added. 

B. TSH Enzyme Reagent – 13ml/vial  

One (1) vial containing enzyme labeled affinity purified polyclonal goat 

antibody, biotinylated monoclonal mouse IgG in buffer, dye, and preservative. 

Store at 2-8
o
C. 

C. Streptavidin Coated Plate – 96 wells  

One 96-well microplate coated with streptavidin and packaged in an aluminum 

bag with a drying agent. Store at 2-8
o
C.  

D. Wash Solution Concentrate – 20 ml  

One (1) vial containing a surfactant in buffered saline. A preservative has been 

added. Store at 2- 8
o
C.  

E. Substrate A – 7ml/vial   

One (1) bottle containing tetramethylbenzidine (TMB) in buffer. Store at 2-8
o
C.   

F. Substrate B – 7ml/vial  

One (1) bottle containing hydrogen peroxide (H2O2) in buffer. Store at 2-8
o
C.  
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G. Stop Solution – 8ml/vial 
 

One (1) bottle containing a strong acid (1N HCl). Store at 2-8
o
C.  

 

Reagent preparation 

1. Wash Buffer 

Dilute contents of wash concentrate to 1000 ml with distilled or de-ionized water 

in a suitable storage container. Store at 2-30
o
C for up to 60 days. 

2. Working Substrate Solution 

Pour the contents of the amber vial labeled Solution ‗A‘ into the clear vial 

labeled Solution ‗B‘. Place the yellow cap on the clear vial for easy 

identification. Mix and label accordingly. Store at 2 – 8
o
C.  

 

Assay procedure 

Before proceeding with the assay, all reagents were brought, serum references 

and controls to room temperature (20 - 27°C). 

1. The microplates were formatted‘ wells for each serum reference, control and 

patient specimen to be assayed in duplicate. Any unused microwell strips were 

replaced back into the aluminum bag, sealed and stored at 2-8
o
C. 

2. 0.050 ml (50µl) of the appropriate serum reference were pipetted, control or 

specimen into the assigned well.  

3. 0.100 ml (100µl) of the TSH enzyme reagent were added to each well. It is 

very important to dispense all reagents close to the bottom of the coated well.  

4. The microplate was swirled gently for 20-30 seconds to mix and cover.  

5. Incubated 60 minutes at room temperature.   

6. The contents of the microplate were discarded by decantation or aspiration. If 

decanting, tap and blot the plate dry with absorbent paper. 

7. 350µl of wash buffer were added (see Reagent Preparation Section) decant 

(tap and blot) or aspirate. Two (2) additional times was repeated for a total of 

three (3) washes. An automatic or manual plate washer was used. the 
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manufacturer‘s instruction for proper usage were followed . If a squeeze bottle is 

employed, each well were filled by depressing the container (avoiding air 

bubbles) to dispense the wash. The wash were decanted and repeated two (2) 

additional times.  

8. 0.100 ml (100µl) of working substrate solution were added to all wells. 

reagents always added in the same order to minimize reaction time differences 

between wells. The plate did not shake after substrate addition.  

9. Incubated at room temperature for fifteen (15) minutes.  

10. 0.050ml (50µl) of stop solution were added to each well and mixed gently 

for 15-20 seconds. Always reagents were added in the same order to minimize 

reaction time differences between wells.  

11. The absorbance were readied in each well at 450 nm (using Elisa reader). 

 

Expected Values  

Low Range      0.50 µIU/ml 

High Range      5.60 µIU/ml 

 

 3.10.17 Determination of serum total triiodothyronine (T3) 

 Quantitative determination of T3 concentration in serum was done using ELISA 

Microwells (Enzyme Linked ImmunoSorbent Assay) test kit (USA) ( Gharib et 

al., 1971). 

 

Principle  

Competitive Enzyme Immunoassay (Total T3) – Type 7 

The essential reagents required for an enzyme immunoassay include antibody, 

enzyme-antigen conjugate, native antigen and a substrate that produces color. 

Upon mixing biotinylated antibody, enzyme-antigen conjugate and a serum 

containing the native antigen, a competition reaction results between the native 
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antigen and the enzyme-antigen conjugate for a limited number of antibody 

binding sites. The interaction is illustrated by the followed equation:  

                                      
                                    ka  
 EnzAg + Ag + AbBtn ↔AgAbBtn + EnzAgAbBtn  

            k-a 
 

AbBtn = Anti-T3-IgG labeled with biotin (Constant Quantity) 

Ag = Native Antigen (Variable Quantity) 

EnzAg = Enzyme-antigen Conjugate (Constant Quantity) 

AgAbBtn = Antigen-Antibody Complex 

EnzAgAbBtn = Enzyme-antigen Conjugate -Antibody Complex 

ka = Rate Constant of Association 

k-a = Rate Constant of Disassociation 

K = ka / k-a = Equilibrium Constant 

 

A simultaneous reaction between the biotin attached to the antibody and the 

streptavidin immobilized on the microwell occurs. This effects the separation of 

the antibody bound fraction after decantation or aspiration. 

 

AgAbBtn + EnzAgAbBtn+ StreptavidinCW immobilized complex 
 
 StreptavidinCW = Streptavidin immobilized on well  
 
Immobilized complex = sandwich complex bound to the solid surface 
 

The enzyme activity in the antibody bound fraction is measured by reaction with 

a suitable substrate to produce color, which is inversely proportional to the 

native antigen concentration. 

      

Reagents 

Materials Provided:  

A. Total T3 Calibrators – 1ml/vial  

Six (6) vials of serum reference for triiodothyronine at concentrations of 0 (A), 
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0.5 (B), 1.0 (C), 2.5 (D), 5.0(E) and 7.5(F) ng/ml. A preservative has been 

added. Store at 2-8
o
C. For SI units: ng/ml x 1.536 = nmol/L 

B. Total T3 SBS Enzyme Reagent – 1ml/vial   

One (1) vial of tT3 Analog-horseradish peroxidase (HRP) conjugate in an 

albumin-stabilizing matrix. A preservative has been added. Store at 2-8
o
C 

C. sT3/T4 Buffer – 13ml/vial  

One (1) bottle reagent contains buffer, red dye, preservative, and binding protein 

inhibitors. Store at 2-8
o
C. 

D. Total T3 SBS Biotin Reagent – 7ml/vial  

One (1) vial contains biotinylated anti-triiothyronine (sheep) reagent in a 

protein-stabilized matrix. A preservative has been added. Store at 2-8
o
C.  

E. Streptavidin Coated Plate – 96 wells  

One 96-well microplate coated with Streptavidin and packaged in an aluminum 

bag with a drying agent. Store at 2-8
o
C.  

F. Wash Solution Concentrate – 20ml/vial  

One (1) vial contains a surfactant in buffered saline. A preservative has been 

added. Store at 2-8
o
C.  

G. Substrate A – 7 ml/vial  

One (1) vial contains tetramethylbenzidine (TMB) in buffer. Store at 2-8
o
C.  

H. Substrate B – 7 ml/vial  

One (1) vial contains hydrogen peroxide (H2O2) in buffer. Store at 2-8
o
C.  

I. Stop Solution – 8ml/vial  

One (1) vial of stop solution contains a strong acid (1N HCL). Store at 2-8
o
C. 

 

Reagent preparation 

1. Working Enzyme Reagent – (Total T3 SBS) 

Dilute the Total T3 SBS Enzyme Reagent 1:11 with sT3/T4 buffer in a suitable 

container. For example, dilute 0.080ml (80µl) of conjugate with 0.800ml (800µl) 

of buffer for 16 wells (a slight excess of solution is made). This reagent should 
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be used within twenty-four hours for maximum performance of the assay. Store 

at 2-8
o
C. 

General Formula: 

Amount of Buffer required = Number of wells ∗0.05 

Quantity of tT3 Enzyme necessary = Number of wells ∗0.005 i.e. = 16 x 0.05 = 

0.8ml (800µl) (sT3/T4 Buffer) and 16 x 0.005 = 0.08ml (80µl) (tT3 Enzyme 

Reagent).  

2. Wash Buffer 

Dilute contents of Wash Concentrate to 1000ml with distilled or deionized water 

in a suitable storage container. Store the diluted solution at 2-30
o
C for up to 60 

days. 

3. Working Substrate Solution – Stable for one (1) year 

Pour the contents of the vial labeled Solution ‗A‘ into the vial labeled Solution 

‗B‘. Mix and store at 2-8
o
C. Use within 60 days. Or for longer periods of usage 

determine the amount of reagent needed and prepare by mixing equal portions of 

Substrate A and Substrate B in a suitable container. For example, add 1ml of A 

and 1ml of B per two (2) eight well strips (a slight excess of solution is made. 

Discard the unused portion).  

 

Assay procedure 

Before proceeding with the assay, all reagents were brought, serum references 

and controls to room temperature (20 - 27°C). 

1. The microplates were formatted‘ wells for each serum reference, control and 

patient specimen to be assayed in duplicate. Any unused microwell strips were 

replaced back into the aluminum bag, sealed and stored at 2-8
o
C. 

2. 0.050 ml (50µl) of the appropriate serum reference were pipetted, control or 

specimen into the assigned well.  

3. 0.050 ml (50µl) of Working Enzyme Reagent solution were added to the 

appropriate wells (see Reagent Preparation Section). 
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4. The microplate was swirled gently for 20-30 seconds to mix and cover. 

5. 0.050 ml (50µl) of biotinylated Total T3 specific antibody conjugate solution 

were added to the appropriate wells. 

6. The microplate was swirled gently for 20-30 seconds to mix and cover. 

7. Incubated 60 minutes at room temperature. 

8. The contents of the microplate were discarded by decantation or aspiration. If 

decanting, blot the plate dry with absorbent paper. 

9. 0.300ml (300µl) of wash buffer were added, decant (tap and blot) or aspirate. 

Two (2) additional times was repeated for a total of three (3) washes. An 

automatic or manual plate washer was used. the manufacturer‘s instruction for 

proper usage were followed . If a squeeze bottle is employed, each well were 

filled by depressing the container (avoiding air bubbles) to dispense the wash. 

The wash were decanted and repeated two (2) additional times.  

10. 0.100 ml (100µl) of working substrate solution were added to all wells. 

Always reagents were added in the same order to minimize reaction time 

differences between wells. The plate did not shake after substrate addition.  

11. Incubated at room temperature for fifteen (15) minutes. 

12. 0.050 ml (50µl) of stop solution were added to each well and gently mixed 

for 15-20 seconds. Always reagents were added in the same order to minimize 

reaction time differences between wells. 

13. The absorbance were readied in each well at 450 nm (using Elisa reader). 

 

Expected Values  

0.50 - 2.00 ng/ml 

 

3.10.18 Determination of serum total thyroxine (T4) 

Quantitative determination of T4 concentration in serum was done using ELISA 

Microwells (Enzyme Linked ImmunoSorbent Assay) test kit (USA) (Chopra et 

al., 1971).  
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Principle  

Competitive Enzyme Immunoassay (Total T4) – Type 7 

The essential reagents required for an enzyme immunoassay include antibody, 

enzyme-antigen derivative, native antigen and a substrate that produces color. 

Upon mixing biotinylated antibody, enzyme-antigen conjugate and a serum 

containing the native antigen, a competition reaction results between the native 

antigen and the enzyme-antigen conjugate for a limited number of antibody 

binding sites. The interaction is illustrated by the followed equation:  

                                       ka  
 EnzAg + Ag + AbBtn ↔AgAbBtn + EnzAgAbBtn  

              k-a 
 

AbBtn = Anti-T4-IgG labeled with biotin (Constant Quantity) 

Ag = Native Antigen (Variable Quantity) 

EnzAg = Enzyme-antigen Conjugate (Constant Quantity) 

AgAbBtn = Antigen-Antibody Complex 

EnzAgAbBtn = Enzyme-antigen Conjugate -Antibody Complex 

ka = Rate Constant of Association 

k-a = Rate Constant of Disassociation 

K = ka / k-a = Equilibrium Constant 

 

A simultaneous reaction between the biotin attached to the antibody and the 

streptavidin immobilized on the microwell occurs. This effects the separation of 

the antibody bound fraction after decantation or aspiration.  

 

AgAbBtn + EnzAgAbBtn+ StreptavidinCW immobilized complex 
 
 StreptavidinCW = Streptavidin immobilized on well  
 
Immobilized complex = sandwich complex bound to the solid surface.  
  

The enzyme activity in the antibody-bound fraction, measured by reaction with 

luminol, is inversely proportional to the native antigen concentration. 
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Reagents  

Materials Provided:  

A. Total T4 Calibrators – 1ml/vial  

Six (6) vials of serum reference for Thyroxine at concentrations of 0 (A), 2.0 

(B), 5.0 (C), 10.0 (D), 15.0(E) and 25.0(F)µg/dl. A preservative has been added. 

Store at 2-8
o
C. For SI units: µg/dl x 12.9 = nmol/L 

B. Total T4 SBS Enzyme Reagent – 1ml/vial  

One (1) vial of tT4 Analog-horseradish peroxidase (HRP) conjugate in an 

albumin-stabilizing matrix. A preservative has been added. Store at 2-8
o
C 

C. sT3/T4 Buffer – 13ml/vial  

One (1) vial reagent contains buffer, red dye, preservative, and binding protein 

inhibitors. Store at 2-8
o
C. 

D. Total T4 SBS Biotin Reagent – 7 ml/vial  

One (1) vial contains biotinylated anti-thyroxine (sheep) reagent in a protein-

stabilized matrix. A preservative has been added. Store at 2-8
o
C.  

E. Streptavidin Coated Plate – 96 wells  

One 96-well microplate coated with Streptavidin and packaged in an aluminum 

bag with a drying agent. Store at 2-8
o
C.  

F. Wash Solution Concentrate – 20ml/vial  

One (1) vial contains a surfactant in buffered saline. A preservative has been 

added. Store at 2-8
o
C.  

G. Substrate A – 7 ml/vial  

One (1) vial contains tetramethylbenzidine (TMB) in buffer. Store at 2-8
o
C.  

H. Substrate B – 7 ml/vial  

One (1) vial contains hydrogen peroxide (H2O2) in buffer. Store at 2-8
o
C.  

I. Stop Solution – 8ml/vial  

One (1) vial of stop solution contains a strong acid (1N HCL). Store at 2-8
o
C. 
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Reagent preparation 

1. Working Enzyme Reagent (Total T4 SBS) 

Dilute the Total T4 SBS Enzyme Reagent 1:11 with sT3/T4 buffer in a suitable 

container. For example, dilute 0.080ml (80µl) of conjugate with 0.8ml (800µl) 

of buffer for 16 wells (a slight excess of solution is made). This reagent should 

be used within twenty-four hours for maximum performance of the assay. Store 

at 2-8
o
C. 

General Formula: 

Amount of Buffer required = Number of wells ∗0.05 

Quantity of tT4 Enzyme necessary = Number of wells ∗0.005 i.e. = 16 x 0.05 = 

0.8ml (sT3/T4 Buffer) and 16 x 0.005 = 0.08ml (80µl) (tT4 Enzyme Reagent).  

2. Wash Buffer 

Dilute contents of Wash Concentrate to 1000ml with distilled or deionized water 

in a suitable storage container. Store the diluted solution at 2-30
o
C for up to 60 

days. 

3. Working Substrate Solution – Stable for one (1) year 

Pour the contents of the vial labeled Solution ‗A‘ into the vial labeled Solution 

‗B‘. Mix and store at 2-8
o
C. Use within 60 days. Or for longer periods of usage 

determine the amount of reagent needed and prepare by mixing equal portions 

of Substrate A and Substrate B in a suitable container. For example, add 1ml of 

A and 1ml of B per two (2) eight well strips (a slight excess of solution is made. 

Discard the unused portion).  

 

Assay procedure  

Before proceeding with the assay, all reagents were brought, serum references 

and controls to room temperature (20 - 27°C). 

1. The microplates were formatted‘ wells for each serum reference, control and 

patient specimen to be assayed in duplicate. Any unused microwell strips were 

replaced back into the aluminum bag, sealed and stored at 2-8
o
C. 
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2. 0.025 ml (25µl) of the appropriate serum reference were pipetted, control or 

specimen into the assigned well for total T4. 

3. 0.050 ml (50µl) of Working Enzyme Reagent solution were added to the 

appropriate wells. 

4. The microplate was swirled gently for 20-30 seconds to mix and cover. 

5. 0.050 ml (50µl) of biotinylated Total T4 specific antibody conjugate solution 

were added to the appropriate wells. 

6. The microplate was swirled gently for 20-30 seconds to mix and cover. 

7. Incubated 60 minutes at room temperature. 

8. The contents of the microplate were discarded by decantation or aspiration. If 

decanting, blot the plate dry with absorbent paper. 

9. 0.300 ml (300µl) of wash buffer were added, decant (tap and blot) or aspirate. 

Two (2) additional times was repeated for a total of three (3) washes. An 

automatic or manual plate washer was used. the manufacturer‘s instruction for 

proper usage were followed . If a squeeze bottle is employed, each well were 

filled by depressing the container (avoiding air bubbles) to dispense the wash. 

The wash were decanted and repeated two (2) additional times.  

10. 0.100 ml (100µl) of working substrate solution were added to all wells. 

Always reagents were added in the same order to minimize reaction time 

differences between wells. The plate did not shake after substrate addition.  

11. Incubated at room temperature for fifteen (15) minutes. 

12. 0.050 ml (50µl) of stop solution were added to each well and gently mixed 

for 15-20 seconds. Always reagents were added in the same order to minimize 

reaction time differences between wells. 

13. The absorbance were readied in each well at 450 nm (using Elisa reader). 

 

Expected Values  

4.80 - 11.60 µg/dl 

    



51 
 

3.11 Statistical analysis 

Data obtained was arranged and entered to computer to be statistically 

analyzed using Statistical Package for the Social Sciences (SPSS) program 

(version 20) . Data analysis was carried out as follows: 

 

1. Data cleaning 
 

2. Frequency table for all the study variables.  

3. Defining and recording of certain variables. 

  4. Cross tabulation and advanced statistical analysis.  
 
 
 

The following tests were applied  

1. ANOVA test 

2. Chi-square test  

3. T- test 

4. Spearman correlation coefficient  

5. Graphs were plotted 

6. The results in all the above mentioned procedures were accepted as 

statistical significant when the p-value was less than 5 % (p<0.05). 

 

7. Percentage change was calculated according to the formula:  
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Chapter 4       

 Results 

 

4.1 Anthropometric measurements of the study population  

The study population comprised 94 obese females (case group), and 94 

control. As indicated in table 4.1, the mean weight of cases was 87.7±12.8 kg 

compared to 73.1±5.2 kg of control (% change =19.9%, t=10.223 and 

P=0.001). There was also a significant decrease in the mean height of cases 

compared to control (1.53±0.08 Vs 1.56±0.07 m, % change =-1.7, t=- 2.323 

and P=0.021). Therefore, BMI of cases was significantly higher than that of 

control (37.2±4.7 Vs 23.4±1.0, % change = 59.2, t= 27.7 and P=0.001).    

 

Table 4.1. Anthropometric measurements of the study population 
 

Anthropometric 

   measurement 

Control (n=94) 

   mean± SD 

   Case (n=94) 

  mean± SD 

%     

Change 
t  P-value 

   Weight (kg)* 

     (min-max) 

73.1±5.2 

63-83 

87.7±12.8 

    61.3-117.8 
19.9 10.223 0.001 

    Height (m)** 

     (min-max) 

1.56±0.07 

1.36-1.68 

1.53±0.08 

1.41-1.73 
-1.7 -2.323 0.021 

         BMI*** 

      (min-max) 

23.4±1.0 

20.1-24.9 

37.2±4.7 

30.2-52.4 

 

59.2 27.7 0.001 

 

*Kg:  kilogram, ** m:  meter, ***BMI:  Body mass index:  People with BMI=18.5.24.9 

were considered to    have normal weight and people with BMI ≥ 30.0 were classified obese 

(WHO, 2000). All values are expressed as mean ±SD. P>0.05: not significant, P<0.05: 

significant. 

 

4.2 Socio-demographic characteristics of the study population 

Table 4.2 shows the general Socio-demographic characteristics of the study 

population. The age of the study population ranged from 20-50 years with 

mean of (31.3±24) years for cases and (31.1±8.1) years for control (χ
2
= 0.366 

and p=0.833). Thirty four (36.2%) and 18 (19.1%) of cases and control were 

single whereas 60 (63.8%) and 76 (80.9%) were married with χ
2
= 6.805 and 

p=0.009. Analysis of the educational status showed that 19 (20.2%) cases and 
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6 (6.4%) control were had Primary school, 45 (47.9%) and 30 (31.9%) had 

finished secondary school and 30 (31.9%) and 58 (61.7%) had a university 

degree or diploma with χ
2
= 18.7 and p=0.001.  A total of 7 (7.4) and 24 

(25.5%) of cases and control were employed whereas 87 (92.6%) and 70 

(74.5%) were unemployed with χ
2
= 11.163 and p=0.001. In addition, 12 

(12.8%) cases and 3 (3.2%) control were smokers with χ
2
= 5.868 and p=0.015.  

The family income of the study population were less than 1000 NIS with 55 

(58.5%) for cases and 43 (45.7%) for control, while the moderate income 

were 30 (31.9%) for cases and 26 (27.7%) for control and the high income 

were 9 (9.6%) for cases and 25 (26.6%) for control (χ
2
= 9.3 and p=0.010).  

 

Table 4.2. Socio-demographic characteristics of the study population 
 

Character 
Control (n=94) Cases (n=94) 


2

 P-

value No. % No. % 

Age (Year) 

0.366 0.833 
20-30 35 37.2 39 62.8 

31-40 37 39.4 34 20.2 

41-50 22 23.4 21 17.0 

mean±SD ( 31.1±8.1 )  (31.3±24 )  

Marital status  

6.805 

 

0.009 Single 18 19.1 34 36.2 

Married 76 80.9 60 63.8 

Education 

18.7 0.001 Primary 6 6.4 19 20.2 

Secondary 30 31.9 45 47.9 

University or Diploma 58 61.7 30 31.9 

Occupation 

11.163 0.001 Employment 24 25.5 7 7.4 

Unemployment 70 74.5 87 92.6 

Smoking  

 

5.868 

 

 

0.015 
Yes 3 3.2 12 12.8 

No 91 96.8 82 87.2 

Family income/month  (NIS)
**

 

9.3 0.010 Low (<1000 ) 43 45.7 55 58.5 

Moderate (1000-2000 ) 26 27.7 30 31.9 

High (>2000) 25 26.6 9 9.6 
 
 

 

** NIS: new Israeli Shekels, P<0.05: significant. 
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4.3 Thyroid disorders and other selected items among the study population 

Table 4.3 summarizes thyroid disorders among the study population. The 

cases and control who reported treatment of thyroid gland problems were 6 

(6.4%) and 0 (0.0%) respectively compared to 88 (93.6%) and 94 (100%) 

who did not get treatment (χ
2
=6.2, p=0.013).  The cases and control who 

reported getting fatigue quickly were 30 (31.9%) and 10 (10.6%) respectively 

compared to 64 (68.1%) and 84 (89.4%) who did not get fatigue (χ
2
=12.7, 

p=0.001). Muscle weakness was higher in cases 35 (37.2%) than in control 5 

(5.3%) with χ
2
=28.58 and p=0.001. In addition, consumption of suitable 

quantities of marine food was lower in cases 30 (31.9%) compared to control 

44 (46.8) with χ
2
=4.368 and p=0.037. Sleep problems was higher in cases 54 

(57.4%) than in control 18 (19.1%) with χ
2
= 29.172 and p=0.001. This 

indicates that previous factors are more likely to be associated with thyroid 

gland disorders and may be to obesity. The remaining disorders including 

decreased sweating, slow heart rate, difficulty in concentrating or 

remembering things, and feeling lazy when waking up showed no significant 

change between cases and control (p>0.05).  
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Table 4.3.Thyroid disorders and other selected items among the study population 
 

Item 
Control (n=94) Cases (n=94) 

χ
2

 
P-

value No. % No. % 

Treatment of thyroid gland problems 

6.2 0.013 
Yes 0 0.0 6 6.4 

No 94 100 88 93.6 

Getting fatigue quickly 

12.7 0.001 
Yes 10 10.6 30 31.9 

No 84 89.4 64 68.1 

Decreased sweating 

0.065 0.799 
Yes 8 8.5 9 9.6 

No 86 91.5 85 90.4 

Suffer from muscle weakness 

28.58 0.001 
Yes 5 5.3 35 37.2 

No 89 94.7 59 62.8 

Slow heart rate 

0.689 0.407 
Yes 2 2.1 4 4.3 

No 92 97.9 90 95.7 

Consumption of suitable quantities of fishes 

4.368 0.037 
Yes 44 46.8 30 31.9 

No 50 53.2 64 68.1 

Difficulty in concentrating or remembering things 

1.259 0.262 
Yes 24 25.5 31 33 

No 70 74.5 63 67 

Sleep problems 

29.172 0.001 
Yes 18 19.1 54 57.4 

No 76 80.9 40 42.6 

Feeling lazy when waking up 

0.021 0.883 
Yes 42 44.7 43 45.7 

No 52 55.3 51 54.3 
       

P>0.05: not significant, P<0.05: significant. 
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4.4 Various obesity related items as reported by the study population 

Table 4.4 provides various obesity related items as reported by the study 

population. A total number of 15 (16.5%) cases had history of hyperlipidemia 

compared to only one control (1.1%). The difference was significant with 

χ
2
=13.390 and p=0.001. The number of cases who reported suddenly weight 

gain 37 (39.4%) or trying to lose weight but failed 52 (55.3%) were 

significantly higher than control 2 (2.1%) and 0 (0.0%), respectively 

(χ
2
=39.632, p=0.001 and χ

2
=71.882, p=0.001). Fifty one (54.3%) cases 

indicated family history of obesity in comparison to 33 (35.1%) control who 

did (χ
2
=6.973, p=0.008), indicating that family history is a risk factor for 

obesity.  

 

Table 4.4. Various obesity related items as reported by the study population 
 

    Obesity Item 
Control (n=94)   Cases (n=94) 

χ
2

 
   P-

value    No.    %   No.    % 

History of hyperlipidemia 
 

13.390 

 

0.001 Yes 1 1.1 15 16.5 

No 93 98.9 79 83.5 

Suddenly weight gain 
 

39.632 

 

0.001 
Yes 2 2.1 37 39.4 

No 92 97.9 57 60.6 

Trying to lose weight but failed 
 

71.882 

 

0.001 
Yes 0 0.0 52 55.3 

No 94 100 42 44.7 

Family history of obesity 
 

6.973 

 

0.008 
Yes 33 35.1 51 54.3 

No 61 64.9 43 45.7 
    

P>0.05: not significant, P<0.05: significant.  
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4.5 Eating habits among the study population 

Table 4.5 illustrates eating habits among the study population. A total number 

of 52 (55.3%) cases mentioned that they eating just before bed time in 

comparison to their counterparts of 36 (38.3%). The difference between the 

two groups was significant (χ
2
=5.469 and p=0.019) implying that eating just 

before bed time are associated with obesity. However, no significant 

differences were observed between cases and control in terms of eating large 

quantities of carbohydrate and lipid and snacking between meals (p>0.05). 

 

Table 4.5. Eating habits among the study population 
 

          Item 
 Control (n=94)   Cases (n=94) 

χ
2

 
  P-

value     No.     %    No. % 

Eating large quantities of carbohydrate and lipid 

0.379 0.538 
Yes 30 31.9 34 36.2 

No 64 68.1 60 63.8 

Eating just before bed time 

5.469 0.019 
Yes 36 38.3 52 55.3 

No 58 71.6 42 44.7 

Snacking between meals 

1.757 0.185 
Yes 49 52.1 58 61.7 

No 45 47.9 36 38.3 
       

  P>0.05: not significant, P<0.05: significant. 

 

4.6 Physical activity among the study population 

The physical activity among the study population is illustrated in table 4.6. 

The number of cases who had regular exercise 46 (48.9%) and having active 

job 47 (50%), were more than their counterparts of control 17 (18.1%) and 42 

(44.7%), respectively. However, the difference was significant for regular 

exercise and walking regularly (χ
2
=20.077, p=0.001 and χ

2
=18.243, p=0.001, 

respectively). 
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Table 4.6. Physical activity among the study population 
 

   Physical activity 
Control (n=94)   Cases (n=94) 

χ
2

 P-value 
No.     % No.     % 

Regular exercise 

20.077 0.001 
Yes 17 18.1 46 48.9 

No 77 81.9 48 51.1 

Walking regularly 

18.243 0.001 
Yes 55 58.5 26 27.7 

No 39 41.5 68 72.3 

Having active job 

0.533 0.465 
Yes 42 44.7 47 50 

No 52 55.3 47 50 
 

P>0.05: not significant, P<0.05: significant. 

 

 

4.7 Chronic diseases and medicines among the study population 

Table 4.7 provides various obesity related items as reported by the study 

population. A total number of 5 (5.3%) cases had diabetes. The difference 

was significant with χ
2
=5.137 and p=0.023. The number of cases who 

reported hypertension 7 (7.4%) or compliance of medication 21 (22.3%) were 

significantly higher than control (χ
2
=7.271, p=0.007 and χ

2
=17.884, p=0.001). 

Eleven (11.7%) cases take supplements or Vitamins 11(11.7%) were 

significantly higher in comparison to control who did respectively 

(χ
2
=11.684, p=0.001and χ

2
=8.902, p=0.003), indicating that obesity is a risk 

factor for chronic diseases and medicines.  
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Table 4.7. Diabetes, hypertension, compliance of medication and supplements or vitamins 

of the study population 
 

          Item 
Control (n=94) Cases (n=94) 

χ
2

 
P-

value No.     % No.     % 

Diabetes 

5.137 0.023 Yes 0 0.0 5 5.3 

No 94 100 89 94.7 

Hypertension 

7.271 0.007 
Yes 0 0.0 7 7.4 

No 94 100 87 92.6 

Compliance of medication 

17.884 0.001 
Yes 2 2.1 21 22.3 

No 92 97.9 73 77.7 

Supplements 

11.684 0.001 
Yes 0 0.0 11 11.7 

No 94 100 83 88.3 

Vitamins 

8.902 0.003 
Yes 1 1.1 11 11.7 

No 93 98.9 83 88.3 
 

P>0.05: not significant, P<0.05: significant. 

  

 4.8 Physiological and biochemical parameters 

 4.8.1 Blood parameters of the study population 

Table 4.8 showed WBC count and blood PLT in cases and control. WBC 

count showed non-significant increase in cases compared to control 

(7.22±1.79 Vs 6.79±1.99×10
3
 cell/uL, % change =6.3, t=1.559 and p=0.121). 

On the other hand, blood PLT were significantly increased in the cases 

compared to the control (287±72.7 and 265.5±64.3 % change =8.2, t=2.18 

and P=0.030).  
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Table 4.8. Blood parameters of the study population 
 

Blood 

parameters 

Control (n=94) 

   mean±SD 

 Cases (n=94) 

  mean±SD 

       % 

  change 
t 

P- 

  value 

    WBC×10
3
/uL 

     (min –max) 

      6.79±1.99 

 

  3.5-15.98 

    7.22±1.79 

 

  3.5-11.81 

6.3 1.559 0.121 

    PLT×10
3
/uL 

     (min –max) 

265.5±64.3 

 

115-414 

   287.4±72.7 

 

170-556 

8.2 2.18 0.030 

 

WBC: White blood cell, PLT: Platelet. All values are expected as mean ±SD. P>0.05: Not 

significant, P<0.05: Significant.  

 
 

 

4.8.2 Primary and secondary blood indices of the study population 

Primary and secondary blood indices of the cases and the control are 

demonstrated in table 4.9. For the primary blood indices, the mean RBC 

count was non-significant in cases compared to control (4.38±0.43 Vs 

4.41±0.41×10
6
 cell/uL, % change =-0.6, t=-0.429 and p=0.669). There were 

significantly decreased in HGB and HCT in cases compared to control, 

recording % changes of -7.8 and -8.5, respectively. (t=-6.072, P=0.001, 

respectively). Secondary blood indices including MCV, MCH and MCHC 

were also found to be lower in cases compared to control registering % 

changes of -4, -6.1 and -0.9, respectively (80.5±7.8 fl, 1.69±0.53 pg, 33.5±2.3 

g/dl Vs 83.9±3.9 fl, 1.95±0.3 pg, 33.8±1.4 g/dl). Such changes were 

significant for MCV and MCH, not significant for MCHC (t=-3.737, 

p=0.001; t=-4.169, p=0.001 and t=-1.168, P=0.244, respectively). The mean 

of RDW were found higher and significant in cases compared to control 

(14.0±1.9 Vs 12.6±1.3 g/dl, t=5.90 and p=0.001).  
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 Table 4.9. Primary and secondary blood indices of the study population 
 

Blood 

parameters 

Control   (n=94) 

Mean ± SD 

Cases (n=94) 

Mean ± SD 

        % 

    change 
t 

P- 

value 

RBCs count 

(×10
6
cell/uL) 

(min-max) 

4.41±0.41 

 

2.4-5.4 

4.38±0.43 

 

2.9-5.4 

      -0.6   -0.429 0.669 

HGB (g/dl) 

 

(min-max) 

13.0±1.2 
 
 

7.2-14.9 

 

12.1±1.5 

 

7.7-15.1 

      -7.8   -5.212 0.001 

Hct (%) 
 

(min-max) 

39.1 ±3.7 
 

22.6-44.7 

35.7±3.8 
 

25.9-44.7 
      -8.5 

 

  -6.072 

 

0.001 

MCV (fl) 
 

(min-max) 

83.9±3.9 
 

70.5-94 

 

80.5±7.8 
 

58.2-98.2 

 

 

      -4.0   -3.737 0.001 

MCH (pg) 
 

(min-max) 

19.5±0.3 
 

22.3-31.9 

 

16.9±0.53 
 
 

18.3-31.8 

 

      -6.1   -4.169 0.001 

MCHC (g/dl) 
 

(min-max) 

33.8±1.4 
 

29-36.8 

33.5±2.3 
 

28-39 
      -0.9   -1.168 0.244 

RDW (%) 
 

     (min-max) 

12.6±1.3 
 

10.4-18.3 

14.0±1.9 
 

10.4-21.2 
      11.3   5.908 0.001 

 

RBC=Red blood cell; HGB=hemoglobin; Hct=Hematocrit; MCV=mean corpuscular volume; MCH=mean 

corpuscular hemoglobin; MCHC=mean corpuscular hemoglobin concentration; RDW=red cell distribution 

width. P<0.05: significant, P>0.05 not significant. All values are expressed as mean ±SD.  

 

4.8.3 Glucose and lipid profile of the study population 

Glucose and lipid profile including, TC, TG, HDL-C and LDL-C are listed in 

table 4.10. The mean levels of TC, TG and LDL-C (189.4±42.3 mg/dl, 

156.6±63.5 mg/dl and 117.7±35.0 mg/dl) were increased in cases compared to 

control (170.4±16.6 mg/dl, 138.7±23.6 mg/dl and 102.5±17.6 mg/dl), % 

change =10.0, 15.2 and 13.3, respectively. The change was significant 

(P=0.001). In contrast, the mean level of HDL-C showed no significant 

decrease in cases compared to control. There was no significant in the mean 

level of glucose between cases and control (93.5±21.73 Vs 90.0±9.9, 

P=0.158). 
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 Table 4.10. Glucose and lipid profile of the study population  

Glucose               

and lipid 

parameters 

 Control (n=94) 

mean±SD 

     Case (n=94) 

   mean±SD 

        % 

    change 
 t 

P- 

value 

    Cholesterol 

         (mg/dl) 
      (min-max) 

170.4±16.6 

 

   139-245 

 

189.4±42.3 

 

    107-453 

10.0 4.053   0.001 

Triglycerides 

(mg/dl) 

(min-max) 

138.7±23.6 

 

    66-234 

156.6±63.5 

 

      48-508 

15.2 2.554   0.011 

LDL-C    

(mg/dl) * 

(min-max) 

102.5±17.6 

 

   66-155 

117.7±35.0 

 

      52-303 

13.3 3.773   0.001 

HDL-C              

(mg/dl) ** 

(min-max) 

41.2±4.4 

 

   33-52 

40.3±4.8 

 

     32-54 

-2.4 -1.371   0.172 

Glucose (mg/dl) 
 

 

     (min-max) 

 

90.0±9.9 
 

 

79-130 

93.5±21.73 
 

 

    67-195 

3.8 1.419 0.158 

 

*LDL-C: Low density lipoprotein cholesterol, **HDL-C: High density lipoprotein cholesterol. 

    P>0.05:not significant, P<0.05:significant. 

 

  
 

4.8.4 Protein profile of the study population  

Table 4.11 illustrates protein profile including, T protein, albumin and 

globulin in cases and control. The mean levels of T protein, albumin and 

globulin increased in cases compared to control (mean=7.17±0.27 gm/dl, 

4.19±0.27 gm/dl and 2.97±0.27 gm/dl Vs 7.14±0.27 gm/dl, 4.18±0.26 gm/dl 

and 2.95±0.27 gm/dl, % change =0.5, 0.4 and 0.6, respectively). However, this 

increase was non-significant. 
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Table 4.11. Protein profile of the study population 
 

   Protein 

parameter 

Control (n=94) 

  mean±SD 

  Case (n=94) 

 mean±SD 

      % 

   change 
 t 

P- 

value 

T protein (gm/dl)* 

(min-max) 

7.14±0.27 

    6.2-7.6 

 

 

 

7.17±0.27 

  6.2-7.8 
0.5   0.855   0.394 

Albumin (gm/dl) 

         (min-max) 

4.18±0.26 

      3.5-5 

4.19±0.27 

   3.7-4.8 
0.4 0.410   0.682 

  Globulin (gm/dl) 

         (min-max) 

2.95±0.27 

   2.1-3.77 

2.97±0.27 

 2.3-3.57 
0.6 0.503   0.615 

 

* T protein: Total protein. P>0.05:not significant, P<0.05:significant. 

 

 

4.8.5 Kidney function of the study population  

Table 4.12 demonstrates kidney function including, urea, creatinine and uric 

acid in cases and control. The mean levels of urea and creatinine decreased in 

cases compared to control (31.7±6.2 mg/dl and 0.8±0.1 mg/dl Vs 32.0±6.5 

mg/dl and 0.8±0.1 mg/dl, % change =-1.0 and -2.7, respectively). However, 

this decrease was non-significant. In contrast, the mean level of uric acid 

showed non-significant increase in cases compared to control (4.7±1.0 mg/dl 

Vs 4.6±0.9, % change =1.4). 

 

Table 4.12. Kidney function of the study population 
 

   Kidney         

parameter 

Control (n=94) 

  mean±SD 

  Case (n=94) 

 mean±SD 

% 

   change 
 t 

P- 

value 

   Urea (mg/dl) 

     (min-max) 

32.0±6.5 

     17-57 

31.7±6.2 

   19-55 
-1.0   -0.345 0.731 

 Creatinine (mg/dl) 

      (min-max) 

0.8±0.1 

   0.6-1.36 

0.8±0.1 

   0.5-1.4 
-2.7 -1.122 0.263 

  Uric Acid (mg/dl) 

      (min-max) 

4.6±0.9 

    2.7-8.6 

4.7±1.0 

   2.5-8.8 
1.4 0.434 0.665 

P>0.05: not significant, P<0.05: significant. 
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4.8.6 Liver function of the study population 

Liver function including AST and ALT of the cases and the control are 

provided in table 4.13. The mean of AST and ALT were found lower and non-

significant in cases compared to control (p>0.05).  

 

Table 4.13. Liver function of the study population 
 

Liver 

   parameter 

 Control (n=94) 

   mean±SD 

    Case (n=94) 

    mean±SD 

       % 

   change 
 t 

P- 

  value 

AST (U/L)* 

    (min-max) 

25.4±13.8 

  8.2-130.4 

25.4±13.9 

     7.6-131 
     -0.02   -0.003   0.997 

ALT (U/L)** 

    (min-max) 

21.4±13.3 

     6-100 

21.3±13.4 

       4-102 
     -0.39 -0.044   0.965 

*AST: Aspartate Transaminase, **ALT: Alanine Transaminase. P>0.05: not significant, 

P<0.05: significant. 

 
 

 

4.8.7 Free (ionized) calcium (Ca
2+

) of the study population 

Table 4.14 shows the levels of Ca
2+

 in control and cases. The mean levels of 

Ca
2+ 

were lower and not significant among cases compared to control 

(4.34±0.65 mg/dl Vs 4.45±0.43 mg/dl, % change =-2.3, P=0.194).  

 

Table 4.14. Free Ca
2+

 (Ionized) parameter of the study population 
 

    Calcium parameter 
 Control (n=94) 

   mean±SD 

Case (n=94) 

  mean±SD 

       % 

    change 
     t 

    P- 

 value 

Free Ca
2+

 (mg/dl) 
 

 (min-max) 

4.45±0.43 
 

    1.1-5.2 

4.34±0.65 
 

1.02-4.9 
     -2.3  -1.302  0.194 

P>0.05: not significant, P<0.05: significant. 

 

4.8.8 TSH and thyroid hormones levels of the study population  

Table 4.15 and figures 4.1, 4.2 and 4.3 show the levels of TSH, T3 and T4 in 

control and cases. The mean levels of TSH were significantly decrease in 

cases compared to control (2.16±1.23 Vs 3.23±1.18 µIU/ml, % change =-
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32.9, t=-6.067, and P=0.001 respectively). In contrast, the mean levels of T3 

and T4 were significantly increased in cases compared to control (1.31±0.40 

ng/ml and 8.83±1.83 µg/dl Vs 1.20±0.29 ng/ml and 8.31±1.49 µg/dl, % 

change =9.5 and 6.3, t=2.205 and 2.153, P=0.029 and 0.033, respectively). 

 

Table 4.15. TSH and thyroid hormones levels of the study population 
 

Hormones 
 Control (n=94) 

   mean±SD 

   Case (n=94) 

  mean±SD 

% 

   change 
 t 

P- 

value 

TSH* (µIU/ml) 

(min-max) 

3.23±1.18 

1.1-6.2 

2.16±1.23 

0.2-6.8 
-32.9 -6.067 0.001 

T3** (ng/ml) 

(min-max) 

1.20±0.29 

0.4-1.8 

1.31±0.40 

0.4-2.8 
9.5 2.205 0.029 

T4*** (µg/dl) 

(min-max) 

8.31±1.49 

4.1-11 

8.83±1.83 

4.1-13.4 
6.3 2.153 0.033 

*TSH: Thyroid stimulating hormone, **T3: Triiodothyronine hormone, ***T4: Thyroxin     

hormone. P>0.05: not   significant, P<0.05: significant. 
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Fig. (4.1). TSH level of the study population 
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4.9 Follow-up for physiological and biochemical parameters  

Follow-up of the physiological and biochemical parameters among cases who 

used normal energy diet accompanied with regular  exercise during six months. 

 

4.9.1 Anthropometric measurements before and after weight loss  

Table 4.16 showed that the mean weight before weight loss was 85.6±12.2 kg 

and after six months of follow-up cases who was regular  exercise with 

normal energy diet  leading to weight loss was 75.1±5.1 with percentage of 

change =-12.3%, t=2.52 and P=0.021. Therefore, BMI was significantly 

lower after weight loss than that before (23.5±1.0 Vs 38.5±7.2 respectively, 

% change = -39, t= 6.53 and P=0.001). 

0.4

0.6

0.8

1

1.2

1.4

Case Control

1.31 
1.2 

T
3
 (

n
g
/m

l)
 

Fig. (4.2). T3 level of the study population 
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Fig. (4.3). T4 level of the study population 
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Table 4.16. Anthropometric measurements before and after weight loss  

*Kg:  kilogram, ** m:  meter, ***BMI:  Body mass index:  People with BMI=18.5.24.9 were 

considered to have normal weight and people with BMI ≥ 30.0 were classified obese (WHO, 

2000). All values are expressed as mean ±SD. P>0.05: not significant, P<0.05: significant. 

 

 4.9.2 Lipid profile before and after weight loss  

Lipid profile including, TC, TG, HDL-C and LDL-C are listed in table 4.17. 

The mean levels of TC, TG and LDL-C (163.5±14.81 mg/dl, 124.9±25.4 

mg/dl and 96.9±10.7 mg/dl) were decreased significantly after weight loss 

compared to the mean before weight loss (186.4±29.78 mg/dl, 153.4±34.8 

mg/dl and 124.3±28.23 mg/dl) and percentage of change =-12.3, -18 and -22, 

respectively. In contrast, the mean level of HDL-C showed non-significant 

change before and after weight loss. 

 

Table 4.17. Lipid profile before and after weight loss  

Lipid                             

parameter        

Before weight 

loss  (n=50) 

   mean± SD 

After weight 

 loss (n=50) 

     mean± SD 

        % 

    change 
 t 

P- 

value 

  Cholesterol 

         (mg/dl) 
186.4±29.78    163.5±14.81 -12.3 2.17   0.043 

Triglycerides 

(mg/dl) 
153.4±34.8 124.9±25.4 -18 2.09   0.050 

LDL-C    

(mg/dl) * 
124.3±28.23 96.9±10.7 -22 2.87   0.010 

HDL-C                  

(mg/dl) ** 
42.7±6.33   42.6±4.93 -0.23 0.39   0.969 

*LDL-C: Low density lipoprotein cholesterol, **HDL-C: High density lipoprotein cholesterol. 

    P>0.05:not significant, P<0.05:significant. 

 

  

Anthropometric 

   measurement 

Before weight 

loss  (n=50) 

   mean± SD 

After weight 

 loss (n=50) 

    mean± SD 

%     

Change 
t  P-value 

    Weight (kg)* 85.6±12.2   75.1±5.1 -12.3 2.52 0.021 

    Height (m)** 1.6±0.06       1.6±0.06 -  -0.56 0.581 

    BMI*** 38.5±7.2 23.5±1.0 -39 6.53 0.001 
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4.9.3 TSH and thyroid hormones levels before and after weight loss  

Table 4.18 showed the levels of TSH, T3 and T4 before and after weight loss. 

The mean levels of TSH were significantly increased after weight loss 

compared to the mean before weight loss (3.2±1.7 Vs 2.05±0.6 µIU/ml, % 

change 56.1, t=-2.04, and P=0.050 respectively). The mean levels of T3 and 

T4 were significantly decreased after weight loss compared to the mean before 

(1.03±0.33 ng/ml and 7.4±1.30 µg/dl Vs 1.36±0.24 ng/ml and 8.77±1.67 µg/dl, 

% change =-24.3 and -15.6, t=2.55 and 2.03, P=0.020 and 0.050, respectively). 

 

Table 4.18. TSH and thyroid hormones levels before and after weight loss  

Hormones 

Before weight 

loss  (n=50) 

   mean± SD 

After weight 

 loss (n=50) 

   mean± SD 

% 

   change 
 t 

P- 

value 

TSH* (µIU/ml) 2.05±0.6 3.2±1.7 56.1 -2.04 0.050 

T3** (ng/ml) 1.36±0.24 1.03±0.33 -24.3 2.55 0.020 

T4*** (µg/dl) 8.77±1.67 7.4±1.30 -15.6 2.03 0.050 

*TSH: Thyroid stimulating hormone, **T3: Triiodothyronine hormone, ***T4: Thyroxin     

hormone. P>0.05: not   significant, P<0.05: significant. 

 

 

4.10 The correlation of BMI with study parameters 

Tables 4.19, 4.20 and 4.21 shows the correlation between BMI with THs, lipid 

profile, primary and secondary blood indices of study parameters respectively. 

BMI showed a weak positive and significant correlations with T3, T4, TC, 

TG, LDL-C, RDW and PLT levels (r=0.124, 0.120, 0.318, 0.178, 0.270, 

0.354 and 0.202 respectively, P<0.05) (Fig 4.4(b), 4.4(c and d), 4.4(e and f) 

and 4.4(k and l). However, a negative significant correlations were found 

with TSH, HGB, HCT, MCV and MCH levels (r=-0.323, -0.359, -0.377, -

0.258 and -0.313 respectively, P<0.05) (Fig 4.4(a), 4.4(g and h), and Fig 4.4 

(i and j). 
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        Table 4.19. The correlation of BMI with thyroid hormones of study parameters 
 

Parameters 
BMI (Kg/m

2
) 

Pearson correlation (r) P 

TSH -0.323 0.001 

T3 0.124 0.046 

T4 0.120 0.050 

                    P>0.05: not significant, P<0.05: significant. 

                        

        Table 4.20. The correlation of BMI with lipid profile of study parameters 
 

Parameters 
BMI (Kg/m

2
) 

Pearson correlation (r) P 

TC 0.318 0.001 

TG 0.178 0.007 

LDL-C 0.270 0.001 

                    P>0.05: not significant, P<0.05: significant. 

 

      Table 4.21. The correlation of BMI with primary and secondary blood indices of study 

parameters 
 

Parameters 
BMI (Kg/m

2
) 

Pearson correlation (r) P 

HGB -0.359 0.001 

HCT -0.377 0.001 

MCV -0.258 0.001 

MCH -0.313 0.001 

RDW 0.354 0.001 

PLT 0.202 0.003 

                    P>0.05: not significant, P<0.05: significant.  
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Fig. (4.4). Correlation between BMI with TSH (a), T3 (b), T4 (c), total cholesterol (d), 

triglycerides (e), LDL-C (f), HGB (g), HCT (h), MCV (i), MCH (j), RDW (k) and PLT (l) 

of the study population 

g h 
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4.11 The correlation of TSH with study parameters 

Table 4.22 represents the correlation between TSH with T3, T4, TC, LDL-C, 

urea, T protein, HGB and HCT of study parameters. TSH showed a positive 

significant correlations with urea, HGB and HCT levels (r=0.154, 0.145 and 

0.174 respectively, P<0.05) (Fig 4.5(e) and 4.5(g and h). In addition, a 

significant negative correlations were found with T3, T4, TC, LDL-C and T 

protein levels (r=-0.509, -0.456, -0.186, -0.219 and -0.171 respectively, 

P=0.001) (Fig 4.5 a and b), 4.5(c and d), and Fig 4.5(f). 

 

       Table 4.22. The correlation of TSH with study parameters 
 

Parameters 
TSH 

Pearson correlation (r) P 

T3 -0.509 0.001 

T4 -0.456 0.001 

TC -0.186 0.005 

LDL-C -0.219 0.001 

UREA 0.154 0.017 

Total protein -0.171 0.010 

HGB 0.145 0.023 

HCT 0.174 0.008 

                         P>0.05: not significant, P<0.05: significant.  

 

 

 

b 

b 

a 
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Fig. (4.5). Correlation between TSH with T3 (a), T4 (b), total cholesterol (c), LDL-C (d), 

urea (e), total protein (f), HGB (g) and HCT (h) of the study population 
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4.12 The correlation of T3 with study parameters 

Table 4.23 shows the correlation between T3 with T4, TC, TG, LDL-C and 

WBC. T3 showed a strong positive and significant correlations with T4 level 

(r=0.815, P=0.001) Fig 4.6 (a). Furthermore, a significant positive correlations 

were found with TC, TG, LDL-C, and WBC levels (r= 0.126, 0.144, 0.147 and 

0.125 respectively, P<0.05) Fig 4.6 (b), 4.6(c and d), and Fig 4.6(e).   

 

       Table 4.23. The correlation of T3 with study parameters 
  

Parameters 

T3 

Pearson correlation 

(r) 
P 

T4 0.815 0.001 

TC 0.126 0.042 

TG 0.144 0.024 

LDL-C 0.147 0.022 

WBC 0.125 0.044 

                    P>0.05: not significant, P<0.05: significant. 

 

 

 

 

a b b 
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Fig. (4.6). Correlation between T3 with T4 (a), total cholesterol (b), triglycerides (c), LDL 

(d) and WBC (e) of the study population 

 

 

4.13 The correlation of T4 with study parameters 

Table 4.24 represents the correlation between T4 with TG and Ca
2+

. T4 showed 

a positive significant correlations with TG level (r=0.144, P=0.024) Fig 4.7(a). 

Also, a negative correlations were found with Ca
2+

 level (r=-0.152). This 

correlation was significant (P=0.019) Fig 4.7(b).   
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       Table 4.24. The correlation of T4 with study parameters 
  

Parameters 
T4 

Pearson correlation (r) P 

TG 0.144 0.024 

Free 

calcium
2+

(Ionized) 
-0.152 0.019 

                         P>0.05: not significant, P<0.05: significant. 

 

 

Fig. (4.7). Correlation between T4 with triglycerides (a) and free calcium
2+

 (b) of the study 

population 
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Chapter 5 

Discussion 

 

Obesity is the fifth leading cause of death, globally reaching unprecedented 

levels. Obesity is associated with significant health complications and 

morbidity, including diabetes, cancer and heart disease (WHO, 2012). The 

thyroid is one of the largest endocrine glands of the body. TSH, T4 and T3, 

together referred to as thyroid metabolic hormones, play an important role in 

basal metabolism and the functioning of almost all tissues and systems in the 

body. The present study is a case control investigation included 94 obese 

females (BMI >30 kg/m
2
) and 94 control non obese females (BMI=18.5-24.9 

kg/m
2
) with matched age. The main objective was to asses physiological 

changes associated with thyroid hormones and obesity among adult females in 

Gaza governorates. 

 

5.1 Anthropometric measurements of the study population 

BMI were significantly higher in cases than control. Further studies support for 

this finding which has been shown when accounting for the way men and 

women distribute fat, thus eliminating the limitations of using BMI (Kitahara et 

al., 2012). The accumulation of visceral adipose tissue is related to dyslipidemia 

and insulin resistance. In other words, BMI as a measure of overall adiposity is 

strongly associated with increased prevalence of higher risk for many serious 

diseases and health conditions (NHLBI, 2013 and Bhaskaran et al., 2014). 

 

5.2 Socio-demographic characteristics of the study population 

The age of the study population was ranged from 20-50 years with a mean 

value of 31.3±24 for cases and 31.31±8.1 for control. Most of cases were in the 

age group 20-30 with percentage 62.8%, indicating that women have more fat 

because of physiological differences such as hormones, breasts, and sexual 
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organs. In addition, women need a higher amount of body fat for ovulation 

(Norgan, 1997).   

More than 60 % of cases and control were married. In general married women 

have a higher BMI and are more likely to be overweight and/or obese than 

those not married. Umberson, (1992) reported similar results among 

individuals aged 24 years and older in the United States. However, the 

relationship between marital status and overweight/obesity is not as clearly 

established. The results showed that a low level of illiteracy was recorded 

among cases and control which reflected a sophisticated community. More 

than two thirds of the study population were found to be unemployed 

reflecting poverty and unemployment crisis in Gaza strip. The unemployment 

rate is 41.6% in the Gaza strip while the poverty rate is 65%, according to 

Palestinian Central Bureau of Statistics data from the first quarter of 2015 

(PCBS, 2015), as a result of the continuous siege on economic conditions in 

Gaza strip. Chi square test showed that, the number of cases with low income 

was significantly higher than that of control, implying that, family income is 

associated with obesity. This result is in agreement with Kim and Leigh 

(2010). The inability of low income families to afford healthy food may be a 

major contributor to the increase prevalence of obesity (Akil and Ahmad, 

2011).  

In addition, the number of cases who are smoking was significantly higher 

than control. The relationship between smoking and obesity is complex and not 

completely understood and published studies have produced conflicting results. 

While some studies have shown no significant association between smoking 

status and BMI (Zbikowski et al., 2011), others have suggested that smoking 

may be associated with lower BMI (Klesges et al., 1989) and smoking cessation 

with increased BMI (Munafo et al., 2009).  
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5.3 Thyroid disorders and other selected items among the study population 

The present finding showed that the number of treated from thyroid gland 

problems were significantly higher in cases than control. This result is in 

agreement with other studies (Asvold et al., 2009, Margaret et al., 2014 and 

American Thyroid Association ATA, 2014). Our results showed that higher 

percentage of cases was getting fatigue quickly and suffer from muscle 

weakness than control. Getting fatigue quickly among obese females may be 

due to hormonal and enzymatic disturbances which affect many 

biochemical processes in the body (Lerner et al., 2014).  

Also lipid accumulation in liver and muscles may play a critical role in the 

physiology of these organs, and may causes fatigue. In addition, lower 

number of cases consumed suitable amount of marine food, which is a 

healthy diet and may promote the synthesis of thyroid hormones. This indicates 

that previous factors are more likely to be associated with thyroid disorders 

that may contribute to obesity (Delange, 2004, WHO, 2007, Zimmermann, 

2009 and Azizi, 2009).  

Sleep problems was significantly higher in cases (57.4%) than control (19.1%). 

This result is in agreement with other studies (Akiko et al., 2010 and de Araújo 

et al., 2015). The other disorders including decreased sweating, slow heart rate, 

difficulty in concentrating or remembering things, and feeling lazy when 

waking up showed no significant differences between cases and control 

(p>0.05).  

 

5.4 Various obesity related items as reported by the study population  

The number of cases having a history of hyperlipidemia, reporting suddenly 

weight gain and trying to lose weight but failed was significantly higher 

than control. This result indicated that the above items associated with 

obesity. In addition, the present finding showed that most cases having more 

family history of obesity compared to control implying that obesity is related 
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to genetic factors.  The relative contributions of genetics and environment to the 

etiology of obesity have been evaluated in many studies (Kushner and Bessesen, 

2007 and Albuquerque et al., 2015).  

 

5.5 Eating habits among the study population 

The results showed that number of cases eat large quantities of carbohydrate, 

lipid and just before bed time was more than control. This result was supported 

by the finding o f  Colles et al. (2007). It is common in our society that most 

people like to eat traditional sweets after meals. Such high calories food is a risk 

factor for obesity. It is well documented that consumption of carbohydrates and 

lipid-rich diet contributes largely to obesity (Merchant et al., 2009, Erik et al., 

2011and International Federation of Medical Students Associations IFMSA, 

2015). Snacking between meals showed no significant differences between 

cases and control. They explained by the idea that the basal metabolic rate 

(BMR) is low at bed time as the metabolic processes and energy expenditure. 

 

5.6 Physical activity among the study population 

The physical activity among the study population showed that the number of 

cases who are doing regular exercise was significantly higher than control. This 

indicating that diet was demonstrated to be significantly more effective at 

facilitating weight loss than exercise which reflected regular exercise as a 

confounder factor of obesity. This result is in agreement with other studies 

(Donnelly et al., 1991, Johnson et al., 2009 and Donnelly et al., 2009). In 

addition, the number of cases who are walking regularly was significantly less 

than control. A possible explanation for the observed findings is that the 

increased energy expenditure required by walking regularly contributes to lower 

rates of obesity. Such result was consistent with a previous study (David et 

al., 2008). 
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5.7 Chronic diseases and medicines among the study population 

Obesity is heavily associated with negative health implications and is often 

linked to several chronic diseases. The present study showed that the 

number of cases having diabetes, hypertension, compliance of medication, 

and take supplements or vitamins were significantly higher than control. 

Obesity (≥30% BMI), excess accumulation of body fat, is a sign of abnormal 

lipid metabolism, and is an important predictor for hypertension, coronary heart 

disease, diabetes mellitus, hepato biliary disease (Guimaraes et al., 2008). 

Although our findings including supplements or vitamins were in agreement 

with (Baron et al., 1986 and Thompson et al., 2005), some contradictory 

results have been published by Mushtaq et al (2009). This reflects that the 

above items are associated with obesity (Van et al., 2010, Larry et al., 2013, 

Prosecky et al., 2015 and Samingan et al., 2015).  

 

5.8 Blood parameters of the study population 

This study demonstrates that non-significant increase in WBC counts in obese 

compared to non-obese female. This result is disagreeing with Farhangi et al 

(2013).  This suggested that there is no correlation between WBC count and 

obesity. However, PLT count in obese females was significantly higher than in 

non-obese. This finding is consistent with the findings of Kutluturk et al (2009).  

There is an ongoing debate on whether obesity is accompanied with platelet 

activation. Higher concentrations of adipose tissue originating inflammatory 

markers may contribute to atherogenesis and thrombosis through its effects on 

PLT activation (Samocha et al., 2008). RBC count and MCHC showed non-

significant decrease whereas HGB, HCT, MCV and MCH were significantly 

decreased in obese females. Our findings are in agreement with Patel (2008) and 

Jafarzadeh et al (2010). The association between increase in BMI and decrease 

in HGB level may be due to the increase of inflammatory activity in the adipose 

tissue of obese individuals, which would lead to a higher production of hepcidin, 
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a key hormone for the regulation of intestinal absorption and iron homeostasis 

(Ganz & Nemeth, 2006, Fleming 2008 and Mena et al., 2008).  On the other 

hand, data showed that RDW significantly increased in obese females compared 

to control (P=0.001). Our findings is in agreement with Vayá et al (2015) who 

mentioned a significant strong correlation between RDW and BMI. Obesity is 

associated with a low-grade inflammatory process in the white adipose tissue so 

its association with RDW can be considered reasonable (Fuentes et al., 2013 and 

Rodríguez et al., 2013). 

   

5.9 Glucose and  lipid profile of the study population 

The mean levels of glucose were slightly higher in cases than in control. These 

findings were in agreement with other studies (Plourde, 2002, Cao et al., 2008 

and Oluwayemi & Oluwayemi, 2015). Excess weight has been shown to be 

associated with an increased prevalence of type II diabetes, (Colditz et al., 1990, 

Manson et al., 1992 and Ninh et al., 2011). According to our findings there were 

no correlation between glucose and BMI. Our results showed that the mean 

levels of TC, TG and LDL-C were significantly increased in cases compared 

to control. These results were in consistent with previous studies (Huang et 

al., 2007, Nagila et al., 2008 and Marcelo et al., 2014). In contrast, the mean 

level of HDL-C exhibited non-significant decrease in cases than in control. 

Lipid abnormalities had been reported in obese adults, who had 

elevated TG and LDL-C and low levels of HDL-C (Krotkiewski et al., 

1983, Evans et al., 1984 and Canaris et al., 2000). Obesity, excess accumulation 

of body fat, is a sign of abnormal lipid metabolism, and is an important predictor 

for hypertension, coronary heart disease, diabetes mellitus, hepato biliary 

disease and frequently is associated with arterial hypertension and dyslipidemia 

‟ high serum TG and low serum HDL-C rather than high serum TC and LDL-Cˮ 

(Caraccio et al., 2002). The  higher concentrations of  serum  lipids  in  cases  is  

mainly  due  to  insulin  resistance that developed  in  obese  individuals. 
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Resistance to the action of  insulin on LPL in  peripheral  tissues  may  also  

contribute to  the elevated  TG and LDL-C levels  (Kahn et al., 2000 and Un & 

Myung, 2014). 

 

5.10 Liver and kidney functions of the study population   

The present results revealed that the mean levels of T protein, albumin 

and globulin were increased non significantly in cases compared to control. 

These results were in agreement with (Samreen, 2014). The mean levels 

of urea and creatinine were decreased non significantly in cases compared to 

control. Similar results were observed by Jaime et al (2015). Conversely, uric 

acid was increased non significantly in obese females. These results were in 

consistent with Honggang et al (2014) and Essa (2015). There was non-

significant decrease in AST and ALT activities among obese females. Such 

result was observed by Das et al (2015).  Our findings disagree with a study 

done by Strauss et al., (2000)  who found sixty percent of adolescents with 

elevated ALT levels were either overweight or obese. In addition, approximately 

1% obese adolescents demonstrated ALT levels over twice normal.  

 

5.11 Free calcium (Ca
2+

) of the study population  

The results showed that the mean levels of Ca
2+

 were lower non significantly in 

cases than in control. These findings disagreed with that of Yanoffet et al 

(2006). An increased calcium intake may be beneficial for weight loss because a 

high calcium intake can reduce lipogenesis and stimulate lipolysis, probably via 

the suppressing formation of 1,25-dihydroxyvitamin D and secretion of 

parathyroid hormone or calciotropic hormones (Zemel, 2005). Also, calcium has 

been shown to combine with fatty acids in the intestine to form insoluble soaps, 

which leads to reduced absorption of fat (Christensen et al., 2009).  

 

5.12 Hormonal levels of the study population 

The mean levels of TSH were significantly lower while T3 and T4 were 
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significantly higher in cases than in control. These findings were in agreement 

with other studies (Milionis and Charalampos, 2013). It is known that obesity is 

a risk factor of thyroid disorder (Silvia and Giorgio, 2013). The reported high 

conversion rate of T4 to T3 in obese patients has been also interpreted as a 

defense mechanism, capable of counteracting the accumulation of fat by 

increasing the energy expenditure (De Pergola et al., 2007 and Reinehr et al., 

2008), basal metabolic rate and the total energy expenditure, being in fact 

positively related to the levels of total T3. Leptin, a hormone produced by 

adipocytes (Feldt, 2007), also alters the activity of deiodinases, thus promoting 

the conversion of T4 to T3 (Zimmermann et al., 2003). Another mechanism 

claimed to explain the high values of T3 and T4 has been related to the fact that 

the expressions of both TSH and THs are reduced in adipocytes of obese 

subjects as compared to individuals of normal weight. This would prompt 

decreased tissue responsiveness to circulating THs and would also explain the 

consequent increased compensatory secretion of TSH and T3 in an attempt to 

force the state of peripheral resistance (Nannipieri et al., 2009). 

 

5.13 Follow-up for physiological and biochemical parameters  

The mean levels of weight, BMI, TC, TG, LDL-C, T3 and T4 were significantly 

decreased, whereas, the mean level of TSH was significantly increased after 

weight loss compared to their means before weight loss. Our findings are in 

accordance with Balliett and Burke (2013). This suggests that BMI, lipids and 

hormones returned to normal levels during six months of follow-up among cases 

who used normal energy diet accompanied with regular exercise leading to 

weight loss, thus to normal weight. The improvement observed in physiological 

and biochemical parameters in response to energy diet and exercise is in 

agreement with other previous studies (Rolls, 2010 and CDC, 2015). In this                       

continuous diet and doing exercise are recommended to maintain healthier 

status.  



85 
 

5.14 The correlation of BMI with study parameters 

BMI was a major criterion in the selection of study population: case group 

was selected to be over 30 kg/m2 and control group between 18.5-24.9 kg/m
2
 

(WHO, 2015). There was a weak positive significant correlation of BMI with 

TC, LDL-C, TG, T3, T4, RDW and PLT levels. BMI is often directly associated 

with total and LDL-cholesterol plasma concentrations which is in agreement 

with Schroder et al (2003), Weinbrenner et al (2006) and Natah et al (2013). A 

positive correlation between TC and BMI were found by Faheem et al (2010). 

Moreover, Yildiran et al (2011) showed that low HDL-C, high LDL-C and high 

TG levels are positively associated with an increase in BMI. High T3, T4 and 

low TSH concentrations has been associated with a high BMI (Tarcin et al. 

2012, Anastasios & Charalampos, 2013 and Roef et al., 2014), which may be 

related to the promotion of adipocyte differentiation (Flores et al., 1987). A 

positive correlation was found of BMI with RDW and PLT (Farhangi et al., 

2013 and Yilmaz et al., 2015).  However, our result showed negative significant 

correlations between BMI with MCV, MCH, HCT and HGB. This result was in 

agreement with Eftekhari et al (2009), Siam (2011) and Bagni et al (2013).  

 

5.15 The correlation of TSH with study parameters  

There was a positive significant correlation between TSH with urea, HGB and 

HCT and negative correlation between TSH and T3, T4. Similar results were 

reported (Dorgalaleh et al., 2013). The hypothalamus senses low circulating 

levels of thyroid hormones T3 and T4 and responds by releasing TRH. The 

TRH stimulates the pituitary to produce TSH. The TSH, in turn, stimulates the 

thyroid to produce THs until levels in the blood return to normal. THs exerts 

negative feedback control over the hypothalamus as well as anterior pituitary, 

thus controlling the release of both TRH from hypothalamus and TSH from 

anterior pituitary gland (Dietrich et al., 2012). Furthermore, a significant 

weakly negative correlation was found between TSH with TC and LDL. 
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Similar results were obtained in obese individuals (Krotkiewski, 2000, 

Rosenbaum et al., 2000 and Ritz et al., 2002). This negative correlation may be 

explained on the basis that increase in TSH may be due to decrease in THs 

which consequently increase the concentrations of TC, phospholipids and TG 

in plasma (Gyton, 2006).  

 

5.16 The correlation of T3 and T4 with study parameters 

Our result showed strong positive and significant correlations between T3 and 

T4 level. While, T4 showed a positive significant correlation with TG level and 

a negative correlation with Ca
2+

 level. This showed a definite relationship 

between these two hormones (T3 and T4) as T4 is transformed to T3 within the 

target cells with the help of deiodinases (types of deiodinases, D1, D2, D3) 

(Bianco
 

and Kim, 2006). Furthermore, T3 showed significant positive 

correlations with LDL-C, TC and TG. Similar results were previously 

documented by (Hari et al., 2009 and Suhad & Salman, 2013). T3 is the 

biologically active hormone in the tissues. THs, especially T3, induce LDL-C 

receptor gene expression in the liver, enhancing LDL-C clearance and 

explaining the decreased or increased LDL-C levels observed in 

hyperthyroidism and hypothyroidism, respectively (Zhu and Cheng, 2010). As 

far as, T3 showed significant positive correlations with WBC levels. This may 

be due to the bone marrow was depressed and that THs play an important role in 

the regulation of the human hematopoiesis in the bone marrow. 
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5.17 Summary of the correlation among  study parameters 
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Chapter 6 

Conclusions and Recommendations 

 

6.1 Conclusions  

1. Obesity is a multifactorial disease associated with treatment of thyroid gland 

problems, history of hyperlipidemia, weight gain and family history.  

2. Getting fatigue quickly, muscle weakness and consumption of marine food, 

eating just before bed time and sleep problems were significantly related to 

obesity.  

3. Physical activity particularly regular exercise and walking regularly protect 

against the development of obesity.  

4. The mean WBC  and  PLT  were  increased  in  obese  females  compared  to  

control. However, the increase in blood PLT was significant. RBC and MCHC 

were non significantly decreased whereas HGB and HCT were significantly 

decreased in obese females. MCV and MCH were also found to be lower in 

cases compared to control. RDW was significantly higher in cases compared to 

control.  

5. The mean levels of glucose were not significantly different in cases 

compared to control.  

6. The mean levels of TC, TG and LDL-C were significantly increased in cases 

compared to control, whereas HDL-C level was significantly decreased in cases 

compared to control.  

7. The mean levels of T protein, albumin and globulin showed no significant 

increase in cases compared to control.  

8. The mean levels of urea and creatinine showed no significant decrease in 

cases compared to control.  In contrast, uric acid was non-significantly 

increased in cases.  

9. The activities of AST and ALT were lower but not significant in cases 

compared to control 
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10. The mean levels of Ca
2+

 were not significantly decreased in cases compared 

to control. 

11. The mean levels of TSH were significantly decrease in cases compared to 

control. In contrast, the mean levels of T3 and T4 were significantly increased 

in cases compared to control. 

12. BMI was significantly lower after weight loss than that before. 

13. The mean levels of TC, TG and LDL-C were decrease after weight loss 

compared to before weight loss. 

14. The mean levels of TSH were significantly increase after weight loss 

compared to before. In contrast, the mean levels of T3 and T4 were 

significantly decrease after weight loss compared to before. 

15. BMI, showed a weak positive and significant correlations with T3, T4, TC, 

TG, LDL-C, RDW and PLT levels. However, negative significant correlations 

were found with TSH, HGB, HCT, MCV and MCH levels. 

16. TSH showed positive significant correlations with urea, HGB and HCT 

levels. In addition, significant negative correlations were found with T3, T4, TC, 

LDL-C and T. protein levels. 

17. T3 showed a strong positive and significant correlation with T4 level. 

Furthermore, significant positive correlations were found with TC, TG, LDL-C, 

and WBC levels. 

18. T4 showed positive significant correlations with TG level. Also, negative 

significant correlations were found with Ca
2+

 level. 

 

Finally, few drugs are available for weight loss and they cause side effects. 

Normal energy diet accompanied with exercise induces a long term decrease in 

T3 & T4 and enhances TSH level. Exercise is very effective, and an 

individualized diet program help prevent complications of obesity. Physiological 

alterations seem to be improve after weight loss and therefore no treatment is 

needed.  
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6.2 Recommendations 

1. Obese people are advisable to change their dietary lifestyle and habits. 

2. Obese women must continuously  follow diet, do exercise to reduce weight in 

order to avoid dangerous diseases. 

3. Thyroid stimulating hormone, T3 and T4 are very important test for obese 

individuals and frequent monitoring of lipid profile is necessary for obese 

females.  

4. Health educational programs focusing on risk factors of obesity and its 

dangerous consequences are highly appreciated. 

5. further research studies about role of thyroid hormones in obesity and weight 

loss are recommended. 
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Annex 1 
 

Questionnaire NO (      ) 

Questionnaire about, thyroid hormones and obesity among adult females 

 in Gaza Governorate  

 

 

 

Annex 2 

 

Question Yes No 

1-have you been treated for thyroid problems in the past   

2-Do you get fatigued   

3-Do you have decreased sweating   

4-Do you suffer from muscle weakness   

5-Do you have slow heart rate   

6-Do you consume suitable quantities of any of the marine foods   

7-Do you have difficulty in concentrating or remembering Things    

8-Do you sleep easily   

9-When you wake up do you feel lazy   

10-Is any of your relatives obese   

11-Do you eat carbohydrate or lipid (pie, cake, candy &ice cream) 

more than other food 
  

12- Do you eat just before bed time   

13- Do you snack between meals   

14-Do you have hyperlipidemia (high cholesterol or triglyceride)   

15-Do you gain weight inappropriately   

16-Do you try to lose weight but you fail   

17-Do you make exercise(any kind of games) regularly   

18-Do you walk regularly   

19-Does your job involve tasks that routinely keep you physically 

active 
  

20-Are you smoker   

21- Do you suffer from diabetes   

22- Do you suffer from high blood pressure   

23- Do you take supplements or vitamins   

24- Do you taking any drugs   

Demographic information:                           Age: ............ 

Occupation: .......................... Address................................. 

Marital status: single (       ) married (      ) others (      ) 

Weight: .......       height: ........              BMI: ....... 

Education level: ..................     Monthly household income: ………………   
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 استبانة رقم )     (

 استبانة حول السمنة ومشاكل الغدة الدرقية

 

 

 

 

 

 

 السؤال
 
 نعم

 
 ال

   هل تعالجت لمشاكل بسبب الغدة الدرقية في الماضي -1
   هل تعانين من االرهاق بشكل اسرع من المعتاد -2
   هل تشعرين بنقص في االفرازات العرقية -3

   هل تعانين من تعب عام في العضالت -4

   هل تشعرين ببطئ في نبضات القلب -5

   البحريةهل تتناولين كميات كافية من الماكوالت  -6

   هل تعانين من صعوبة في التركيزاوتذكر اشياء من الماضي  -7
   هل تنامين بسهولة عندما تذهبين للفراش -8

   هل تشعرين بالكسل بعد النوم جيدا -9
   هل لديك احد من عائلتك يعاني من السمنة -11

   هل تقومين بتناول وجبة طعام قبل النوم مباشرة -11
تتناولين النشويات والدهون بكميات عالية مثل الكيك والمعجنات هل  -12

 والفطائر والمكسرات والبوظة والشيكوالتة
  

   هل تتناولين وجبات خفيفة بين الوجبات الرئيسية -13
هل تعانين من مشكلة ارتفاع نسبة الدهون في الدم مثل الكوليسترول  -14

 او الدهون الثالثية
  

   بان وزنك يزداد بشكل ملفت للنظرهل تالحظين  -15

   هل حاولت عمل حمية غذائية النقاص وزنك وفشلت -16

   هل تمارسين الرياضة -17

   هل طبيعة عملك تتطلب منك الحركة باستمرار -18
   هل تمشين بشكل منتظم يوميا  -19

   هل انت مدخنة -21
   هل تعانين من مرض السكري -21
   من مرض ارتفاع ضغط الدمهل تعانين  -22

   هل تتناولين مكمالت غذائية او فيتامينات -23

   هل تتناولين أي نوع من االدوية -24

 ..................العمل...........................العنوان........ العمر...................

 الحالة االجتماعية   )عزباء(       )متزوجة(      )شيء اخر(

 الدخل الشهري لألسرة.............كتلة الجسم..............الوزن.............الطول...............

 المستوى التعليمي.....................
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