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"To eat is a necessity, but to eat intelligently is an art" 
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Abstract  
 

Objectives: To assess the association of serum zinc, magnesium, iron, copper and dietary habit 

among Type 2 diabetes mellitus (T2DM) patients and correlation with diabetes control. Methods 

&  Subjects: A case-control study conducted in UNRWA operated Sabra & Beach primary health 

centers, Gaza City. The cases represented by 60 T2DM patients while the controls were 60 healthy 

subjects. Semi-quantitative food frequency questionnaire was used to assess the intake of zinc, 

magnesium, iron and copper  rich food. Serum zinc, magnesium, iron and copper were analysed 

using a calometric absorbance method. Results: The study revealed that normal controls were 

significantly more educated (38.8%) than T2DM patients (21.9%); T2DM patients were poorer 

(61.7%) than normal controls (36.7%) with statistical significance.T2DM patients were 

significantly heavier (average weight, 88.95 kg ±18.68) than normal controls (average weight, 

83.62 kg ±17.11). There are significant differences in diet behavior; 76.7% of T2DM patients used 

to eat trimmed meat compared to 96.7% of normal controls and 93.3% of T2DM patients used to 

eat skinless chicken compared to 100% of normal controls ; 21.7% of T2DM patients used to eat 

whole grain bread compared to 8.3% of normal controls. Also, 40%, 13.3% of T2DM patients used 

to eat watermelon seeds and almonds respectively compared to 65% and 21.7% of normal controls. 

Significant physical activity differences showed that 4.8% of T2DM patients are physically active 

on daily basis compared to 14.8% of normal controls. The average dietary intake of zinc, 

magnesium,  iron and copper rich food showed no significant differences between T2DM patients 

and normal controls. There are significant differences of average serum zinc betweenT2DM 

patients and normal controls ; the average serum of zinc is lower in T2DM patients (82.1ug/dl 

±8.58) than normal controls (85.3 ug/dl ±7.85). Regarding serum magnesium level, T2DM patients 

have average serum level of magnesium (2.0 mg/dl ±0.11) lower than in normal controls (2.04 mg 

±0.11). However, the average serum iron was higher among T2DM (89.53 ug/dl ±11.74) than 

normal controls (87.83ug/dl ±12.14). Also, the average serum copper level was lower in T2DM 

patients (92.32 ug/dl±12.69) than normal controls (94.20 ug/dl ±17.11). Control of diabetes 

measured by FBS show that 58.3% was poor controlled. According to HbA1c; the poor control 

was 71.7%. Poor controlled T2DM patients have lower average serum of magnesium(1.98 

mg±0.11) than acceptable normal controls (2.03 mg±0.11) . Conclusion: The study concluded that 

average of serum zinc, magnesium and copper were lower in T2DM patients than normal controls. 

T2DM  patients are less physically active, more obese, more than two thirds of them are 

uncontrolled, less frequently removing fat from meat and chicken, consume nuts less frequently. 

Poor controlled T2DM patients consume magnesium and copper rich food more than the 

acceptable diabetic control. The average magnesium level is lower in poorly controlled T2DM 
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patients than in the acceptable controlled T2DM patients. Also the average iron level is higher in 

poorly controlled T2DM patients than in the acceptable controlled T2DM patients. 

 

Key Words: Type 2 diabetes mellitus, FBS, HbA1c, zinc, magnesium, copper, iron 
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сϠϽЛЮϜ ЉϷЯгЮϜ 

 

АϝϠϦϼϜ ̪ШжϾЮϜ ̪амтЂтжПвЮϜ ϸтϸϲЮϜ ЀϝϲжЮϜм  сТаϸЮϜ   дтϠсжϝϪЮϜ ИмжЮϜ ϼЪЂЮϜ пЎϼв 

РϹлϦ иϻк ϹЮϜϣЦыЛЮϜ бууЧϦ пЮϜ ϣЂϜϼ еуϠ ЩжϿЮϜ ϤϝтнϧЃв ануЃузПгЮϜм ϹтϹϳЮϜм аϹЮϜ сТ ЀϝϳзЮϜм ϤϜϸϝЛЮϜм ϣуϚϜϻПЮϜ сТ 

пЎϽв рϽЫЃЮϜ (сжϝϫЮϜ ИнзЮϜ) .ϽЫЃЮϜ БϡЎ Йв ϝлϧЦыК м 

:ϣуϯлзгЮϜ  ЭуПЇϧЮ ϢϹϳϧгЮϜ бвцϜ ϣЮϝЪнЮ ϣЛϠϝϧЮϜ ϙАϝЇЮϜ ϢϸϝуКм иϽϡЋЮϜ ϢϸϝуК сТ ϹкϜнЇЮϜм ϤъϝϳЮϜ ϣЂϜϼϸ ϥтϽϮϒ

ЮϜ еуϛϮыуузуГЃЯУЮϜе сТ ϣзтϹв ϢϿО ϩуϲ ϤъϝϳЮϜ ϹтϹϳϦ бϦ скм ̷̽ рϽЫЂ ЍтϽв ев  м сжϝϫЮϜ ИнзЮϜ̷̽  ев

̭ϝϳЊцϜ ϹкϜнЇЮϜ бууЧϧЮ аϝЛГЮϜ ϸϸϽϦ ϣжϝϡϧЂϜ аϜϹϷϧЂϜ бϦ . ЩжϿЮϝϠ сзПЮϜ аϝЛГЮϜануЃузПгЮϜм ϹтϹϳЮϜм ϝϳзЮϜм.Ѐ ϤϝтнϧЃв 

ЩжϿЮϜ ануЃузПгЮϜм ϹтϹϳЮϜм ЀϝϳзЮϜм сТ аϹЮϜ ϹтϹϳϦ бϦ.сϚнЏЮϜ СуГЮϜ ЈϝЋϧвϜ ϣЧтϽА аϜϹϷϧЂϝϠ и 

:ϭϚϝϧзЮϜ ϥУЇЪ ϣЂϜϼϹЮϜ  йЮъϹϠϣуϚϝЋϲϖ дϒ ϣвϝк ̭ϝϳЊцϜ ϹкϜнЇЮϜ ϽϫЪϒ ϝгуЯЛϦ )̺̿.̿ (́ев пЎϽв рϽЫЃЮϜ ) ИнзЮϜ

сжϝϫЮϜ( )̸̹.̀(̪́ пЎϽвм рϽЫЃЮϜ )ИнзЮϜ сжϝϫЮϜ( ϽϫЪϒ ϜϽЧТ )̸̽.̾ (́ев ̭ϝϳЊцϜ ϹкϜнЇЮϜ )̺̽.̾(́пЎϽвм . 

рϽЫЃЮϜ )ИнзЮϜ ϝϫЮϜсж( ϝжϾм ϽϫЪϒ )БЂнϧв ̪дϾнЮϜ ̿̿.̼̀  Ñ̸̿.̽̿ (ев ϹкϜнЇЮϜ ̭ϝϳЊцϜ )̺̿.̹̽ Ñ̸̾.̸̸ .(

Шϝзк ϤϝТыϧ϶Ϝ ϣуϚϝЋϲϜ ϣЮъϸ ϤϜϺ сТ ШнЯЂ аϝЗзЮϜ ̫сϚϜϻПЮϜ ̾̽.̾ ́ев пЎϽв рϽЫЃЮϜ )ИнзЮϜ сжϝϫЮϜ(  ϜмϸϝϧКϜ

 ϹкϜнЇЮϝϠ ϣжϼϝЧв екϹЮϜ ϣКмϿзв бϳЯЮϜ ЬмϝзϦ̭ϝϳЊцϜ )̀̽.̾ дϒм .(%̺̀.̺ ́ев пЎϽв ϽЫЃЮϜр )ИнзЮϜ сжϝϫЮϜ( 

ЬмϝзϦ ϬϝϮϹЮϜ дмϹϠ ϹЯϮ ϣжϼϝЧв Йв ̸̷̷ ́ев ϹкϜнЇЮϜ ̭ϝϳЊцϜ ̫ ̸̹.̾ ́ев пЎϽв рϽЫЃЮϜ )ИнзЮϜ сжϝϫЮϜ( ЭЪϓϦ 

ϿϡϷЮϜ ϞнϡϳЮϜ ев ϣЯвϝЫЮϜ ϣжϼϝЧв Йв ̿.̺ ́ев ϹкϜнЇЮϜ ̭ϝϳЊцϜ ϝЏтϒ . ̷̻ ̪%̸̺.̺ %ев пЎϽв рϽЫЃЮϜ )ИнзЮϜ 

сжϝϫЮϜ( ЬмϝзϦ уГϡЮϜ ϼмϻϠϵ ЯК ϾнЯЮϜмп сЮϜнϧЮϜ ϣжϼϝЧв Йв ̼̽ м %̸̹.̾ев% ϹкϜнЇЮϜ ̭ϝϳЊцϜ . дϒ ϝгЪ̻.̿ ев %

рϽЫЃЮϜ пЎϽв )ИнзЮϜ сжϝϫЮϜ(  ϣжϼϝЧв ϝувнт ϣЎϝтϽЮϜ днЂϼϝгт Йв̸̻.̿ϹкϜнЇЯЮ % ̭ϝϳЊцϜ. БЂнϧв ЬмϝзϦ Ϝ ̭ϜϻПЮ

рнϧϳгЮϜ ЩжϿЮϜ пЯК ЀϝϳзЮϜм ануЃузПгЮϜм ϹтϹϳЮϜм ъ ϽлЗϦ рϒ ФмϽТ ϤϜϺ ϣЮъϸ ϣуϚϝЋϲϖ еуϠ КнгϯвϤϝ рϽЫЃЮϜ 

)ИнзЮϜ сжϝϫЮϜ( м ϹкϜнЇЮϜ ̭ϝϳЊцϜ .Шϝзк ФмϽТ ϤϜϺ ϣЮъϸ ϣуϚϝЋϲϖ ϣϡЃзЮϝϠ ЮБЂнϧг  ЭЋвЩжϿЮϜ ϹзК пЎϽв рϽЫЃЮϜ 

)сжϝϫЮϜ ИнзЮϜ( м ϹкϜнЇЮϜ ̭ϝϳЊцϜ  дϒ ϩуϲпЎϽв рϽЫЃЮϜ )сжϝϫЮϜ ИнзЮϜ(  ЩжϿЮϜ ЭЋв БЂнϧв блтϹЮ)85.3  НЯв

7.85±( ϹЮ ЭЦϒо ϹкϜнЇЮϜ ̭ϝϳЊцϜ )82.1  НЯв 8.58± .( ϝгуТм ХЯЛϧт ануЃузПгЮϝϠ сТ ЭЋгЮϜ ̪ дϒ еуϡϦ пЎϽв

 рϽЫЃЮϜ)сжϝϫЮϜ ИнзЮϜ( блтϹЮ БЂнϧв )̹.̷ НЯв  Ñ̷.̸̸(  ЭЦϒЮϝϠϣжϼϝЧг Йв ϹкϜнЇЮϜ  ̭ϝϳЊцϜ)̹.̷̻ НЯв Ñ̷.̸̸(. 

БЂнϧв ϹтϹϳЮϜ сТ ЭЋв аϹЮϜ пЎϽгЮ рϽЫЃЮϜ )сжϝϫЮϜ ИнзЮϜ( )̿̀.̼̺ НЯв  Ñ̸̸.̻̾(  ев ϽϫЪϒБЂнϧв ϹтϹϳЮϜ сТ 

ЭЋв аϹЮϜ  оϹЮϹкϜнЇЮϜ  ̭ϝϳЊцϜ)̿̾.̺̿ НЯв  Ñ̸̹.̸̻( .  аϹЮϜ ЭЋв сТ ЀϝϳзЮϜ БЂнϧв ϝЏтϒ)92.32  НЯв

12.69±( рϽЫЃЮϜ пЎϽгЮ )сжϝϫЮϜ ИнзЮϜ(  аϹЮϜ ЭЋв сТ ЀϝϳзЮϜ БЂнϧв Йв ϣжϼϝЧгЮϝϠ ЭЦϒ)94.20  НЯв17.11± ( 

оϹЮ ϹкϜнЇЮϜ ̭ϝϳЊцϜ. ϽЫЃЮϜ пЎϽв сТ ϽЫЃЮϜ рнϧЃв дϒ ϣЂϜϼϹЮϜ ϤϽлДϜр  ( сжϝϫЮϜ ИнзЮϜ) сТ АнϡЏв ϽуО

̼̿.̺ дϒ еуϡϦ ϹЧТ рϽЫЃЮϜ еуϠнЯϮнгулЮϜ онϧЃв пЯК ̭ϝзϠ ϝвϒ ̪бϚϝЋЮϜ ϽЫЃЮϜ онϧЃв пЯК ̭ϝзϠ %̸̾.̾ ев %

ϽЫЃЮϜ пЎϽвр АнϡЏв ϽуО ϽЫЃЮϜ онϧЃв блтϹЮ . рϽЫЃЮϜ пЎϽв)ИнзЮϜ сжϝϫЮϜ(  онϧЃв блтϹЮ АнϡЏгЮϜ ϽуО

ануЃзОϝгЮϜ ЭЋгЮϜ сТ )̸.̀̿НЯв Ñ ̷.̸̸ (ϒ ЭЦ рϽЫЃЮϜ пЎϽв Йв ϣжϼϝЧгЮϝϠ)ИнзЮϜ сжϝϫЮϜ( ϣЊыϷЮϜ:  сϫЯϪ ев ϽϫЪϜ

Ѓв блтϹЮ ϽЫЃЮϜ пЎϽвблТ ̪ϣАнϡЏв ϽуО ϽЫЂ Ϥϝтнϧ  ̪ϝАϝЇж ЭЦϒм ϣжϜϹϠ ϽϫЪϜмднкϹЮϜ ϣЮϜϾϜ дмϹϠ анϳЯЮϜ днЮмϝзϧт 

ϹЯϯЮϜ ϣЮϜϾϜ дмϹϠ ϬϝϮϹЮϜ днЮмϝзϧтм .пЎϽв ЩЯлϧЃт  рϽЫЃЮϜ)ИнзЮϜ сжϝϫЮϜ (ϹК ев днжϝЛт етϻЯЮϜϽЫЃЮϜ БϡЎ а 

ануЃузПгЮϝϠ ϣузПЮϜ ϣтϻОцϜ ЀϝϳзЮϜм ϽϫЪϒ ев блтϹЮ ϽЫЃЮϜ ϤϝтнϧЃв ϣАнϡЏгЮϜ пЎϽгЮϜ .БЂнϧв ЩжϿЮϜ ануЃузПгЮϜм 
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сТ аϹЮϜ ск ЭЦϒ оϹЮ пЎϽв рϽЫЃЮϜ )ИнзЮϜ сжϝϫЮϜ ( ев ̭ϝϳЊцϜ ϹкϜнЇЮϜ рϽЫЃЮϜ пЎϽв .)ИнзЮϜ сжϝϫЮϜ ( ϽуПЮϜ

 ЭЦϒ блтϹЮ АнϡЏвБЂнϧв онϧЃв ануЃзОϝгЮϜ   ϹтϹϳЮϜ онϧЃв БЂнϧв ϽϫЪϒ м Йв ϣжϼϝЧгЮϝϠпЎϽв рϽЫЃЮϜ )ИнзЮϜ 

сжϝϫЮϜ( АнϡЏгЮϜ.  
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Chapter 1 

Introduction  

Background 

Diabetes Mellitus Definition 

Diabetes Mellitus (DM) is a metabolic disorder with heterogenous aetiologies which is 

characterized by chronic hyperglycaemia and disturbances of carbohydrate, fat and protein 

metabolism resulting from defects in insulin secretion, insulin action or both. (Amod et 

al., 2012). 

Classification of Diabetes Mellitus 

1. Insulin Dependent Diabetes Mellitus (IDDM): Known as Type 1 diabetes (T1DM) 

results from ɓ cell destruction, usually leading to absolute insulin deficiency 

(American Diabetic Association [ADA], 2013). 

2. Non Insulin Dependent Diabetes Mellitus (NIDDM): Known as Type 2 diabetes 

(T2DM), a disorder of metabolism, usually involving excess weight and insulin 

resistance. In these patients, the pancreas makes insulin initially, but the body has 

trouble using this glucose-controlling hormone. Eventually the pancreas cannot 

produce enough insulin to respond to the bodyôs need for it (Riaz, 2009). 

3. Gestational Diabetes Mellitus (GDM) refers to the onset or initial recognition of 

glucose intolerance during pregnancy, usually in the second or third trimester. It 

occurs in about 4% of all pregnancies. Patients with GDM have a 30% to 50% 

chance of developing DM, usually T2DM (Bastaki, 2005). 

4. Other specific types of diabetes due to other causes, such as genetic defects in ɓ cell 

function, genetic defects in insulin action, diseases of the exocrine pancreas (such as 

cystic fibrosis) and drug- or chemical-induced (such as in the treatment of Human 

Immunodeficiency Virus/Acquired Immunodeficiency Syndrome (HIV/AIDS) or 

after organ transplantation) (ADA, 2013). 

The International Diabetes Federation (IDF) estimated that, in 2011, 366 million people 

worldwide were living with diabetes, and that 80% of these individuals live in low and 

middle income countries. It is projected that, by 2030, the number would have risen to 552 

million (Amod et al., 2012).  
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T2DM is a major public health problem, and accounts for more than 90% of all diabetes 

cases. The insidious and initially asymptomatic nature of the disease results in patients not 

seeking early medical attention, so that 30-85% of cases of type 2 diabetes remain 

undiagnosed. At the time of eventual diagnosis, approximately 20% of patients will 

already have complications of the disease (Amod et al., 2012).Genetic and environmental 

factors contribute to the pathogenesis of diabetes and acts as trigger for the disease among 

subjects at high-risk because of inherited susceptibility (Masood et al., 2009). 

 

Diabetes Mellitus and Alterations in Metabolism of Trace Elements 

A relationship between DM and minerals is frequently reported and alteration in the 

metabolism of trace elements like copper (Cu), magnesium (Mg) is associated with 

T2DM. Trace elements are accepted as essential for optimum health, because of their 

diverse metabolic characteristic and functions. Trace elements participate in production of 

reactive oxygen species (ROS), which contribute to oxidative stress. Oxidative stress 

contributes to the pathogenesis of many diseases including DM (Shrabani et al., 2013). 

Certain molecules containing ROS, such as the superoxide radical and hydrogen peroxide, 

have been shown to inactivate key enzymes of glucose metabolism in both the glycolytic 

pathway and the electron transport chain coupled to oxidative phosphorylation (Emmanuel 

et al., 2000).Metabolism of several trace elements is altered in DM and that these nutrients 

might have specific roles in the pathogenesis and progress of this disease (Kazi et al., 

2007). 

 

Zinc and Diabetes Mellitus 

Zinc (Zn) is involved in the synthesis, storage, secretion, and conformational integrity of 

insulin monomers and that Zn assembles to a dimeric form for storage and secretion as 

crystalline insulin. Lower levels of Zn may affect the ability of pancreatic islet cells 

responsible for the production and secretion of insulin, such as in type-2 diabetes (Kazi et 

al., 2007). The predominant effect on zinc homeostasis of diabetes is hypozincemia which 

may be the result of hyperzincuria or decreased gastrointestinal absorption of zinc or both 

(Al -Timimy & Mahmoud, 2011). 
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Magnesium and Diabetes Mellitus 

Magnesium (Mg) is one of the most abundant intracellular ions with an essential role in 

fundamental biological reactions, whose deficiency provokes biochemical and 

symptomatic alterations in the human organism (Sales & Pedrosa, 2006).Magnesium plays 

an important role in carbohydrate metabolism. It may influence the release and activity of 

insulin, the hormone that helps to control blood glucose levels. Low blood levels of 

magnesium are frequently seen in individuals with type-2 diabetes. Hypomagnesaemia 

may worsen insulin resistance. The kidneys possibly lose their ability to retain magnesium 

during periods of severe hyperglycemia (significantly elevated blood glucose). The 

increased loss of magnesium in urine may then result in lower blood levels of magnesium 

(Mishra, 2012). 

Iron and Diabetes Mellitus 

The central importance of iron (Fe) in the pathophysiology of disease is derived from the 

ease with which iron is reversibly oxidized and reduced. This property, while essential for 

its metabolic functions, makes iron potentially hazardous because of its ability to 

participate in the generation of powerful oxidant species such as hydroxyl radical(Swami 

& Alam, 2007).Excess iron has been implicated in the pathogenesis of diabetes and its 

complications. Free iron serves as a catalyst or lipid and protein oxidation and the 

formation of reactive oxygen species. In addition, iron indices are correlated with obesity 

and insulin sensitivity (Thomas, 2003). 

 

Copper and Diabetes Mellitus 

An increase in copper (Cu) concentration has been linked to disorders in the structure of 

the arterial walls, stress, infection, and diabetes mellitus (Kazi, 2007).Copper acts as a pro 

oxidant and may participate in metal catalyzed formation of free radicals. The increased 

production of free radicals is likely to be associated with development of T2DM (Shrabani 

et al, 2013). 

Both increased and decreased Cu levels were found in diabetic patients, a deficiency of 

copper has been shown to result in glucose intolerance, decreased insulin response; 

increased glucose response, which lead to depression the activity of Cu-Zn Super Oxide 

Dismutase (SOD), this leads to increase in the amount of free radicals which result in the 

increase in the oxidative damage, another study found patients with diabetes mellitus have 

an increase level of copper that may stimulate glycation and release of copper ions and this 

accelerates the oxidative stress (El-Zebda, 2006). 
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Research Problem 

Diabetes is an epidemic disease in most countries and in Palestine, DM trend is increasing and of 

public health concern. MOH reported that prevalence rate of DM in Palestine is about 9% in 2000, 

DM caused 3.1% of deaths in the total population (8.5 per 100 000 population), according 

to 2005 data from the Ministry of Health (MOH, 2005). Diabetic patientsô morbidity and 

mortality are usually associated with diabetes control and complications. Trace elements 

(Cu, Zn, Iron) and Mg metabolisms are altered in T2DM and affect the diabetes control 

where this is an ambiguous area and needs to be clarified. 

 

Justification of the Study 

This study is designed to investigate the association of Zn, Mg, Fe and Cu among type 2 

diabetic patients. Despite the large numbers of researches on the role of dietary 

composition in control of DM, there are relatively few studies on the association between 

trace elements levels & diabetes control.  

According to our knowledge of the researcher, this is the first study to assess dietary and 

serum levels of Zn, Mg, Fe and Cu among T2DM patients in Palestine. Supplementing 

certain minerals or limiting others could contribute in management of diabetes and 

controlling its complications. Minerals play a considerable role in the prolongation of all 

biological and psychological processes in the body.  

 

Goal 

To investigate the association of dietary and serum levels of zinc, magnesium, iron and 

copper on T2DM patients. 

Objectives 

1. To determine the association of diet and dietary habit among T2DM patients. 

2. To determine differences in serum levels of copper, zinc, magnesium and iron for 

diabetic patients. 

3. To determine the association between the serum levels of copper, zinc, magnesium 

and iron on diabetic control. 

4. To raise recommendations for health care providers concerning diabetes control. 
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Hypotheses 

1. There is an association between serum, Zn, Mg, Fe and Cu and diabetic control. 

2. There is a relationship between socio-demographic factors and study participants.  

Context of the Study 

Geo-Demographic Context  

The total area of Palestinian territories is 6,257 Km², which comprise West Bank and Gaza 

Strip. Gaza Strip is a narrow piece of land located on the coast of the Mediterranean Sea 

(UNEP, 2003). The Gaza Strip is the most populated area on Earth with 1.6 million people 

living on an area 365 Km
2
, with a population density 4,395 people/km

2
(UNRWA, 2010).  

Out of the total population in the Gaza Strip with  about 1 million  68% of them are, 

United Nation registered refugees, mainly concentrated in the cities, small village, and 

eight camps that contain two thirds of population of Gaza (UNRWA, 2007).Currently, 

Gaza Strip is composed of five provinces: North Gaza, Gaza City, Mid-zone, Khan-

Younis and Rafah.  There are five towns in Gaza Strip, eight refugee camps and fourteen 

villages (MOH, 2005). Around 35% of the population resides in Gaza the total number is 

484,771 individual. Moreover, age structure of Palestinian population is similar to that in 

many developing countries, where nearly half of the total population is under 15 years 

48.8% and only 2.6% above 65 years (PCBS, 2010).  

 

Health Care Context 

Health care services in Palestine are provided by five sectors: Ministry of Health (MOH), 

Non-governmental organizations (NGOs), United Nations Relief and Work Agency 

(UNRWA), military medical services, and Private sector. The number of primary health 

centers in Gaza reaches 654 centers (MOH 63.6%, UNRWA 8.1% and 28.3% NGOs) 

(MOH, 2005).  

UNRWA plays an important role in health service delivery, providing free of charge 

primary health care through 63 centers in Gaza and West Bank (21 primary health centers 

in Gaza Strip and 42 in West Bank), and purchasing secondary and tertiary health care for 

the registered Palestinian refugees (UNRWA, 2011). Two of them are Sabra and Beach 

primary health centers which are included in this study.  The aim of UNRWA health 

programs is to protect, preserve, and promote the health status of Palestinian refugees, 

consistent with WHO concepts. 
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Changes in lifestyle have resulted in increases in the prevalence of non-communicable 

diseases (NCD) among Palestine refugees, in keeping with similar trends observed 

globally. NCD include diabetes, cardiovascular diseases, cancer and chronic lung diseases. 

These diseases are now the leading causes of death among Middle East populations, 

including Palestine refugees (UNRWA, 2011). 

The total number of NCD patients in Gaza Strip is 60,431. Among these NCD patients, 

31,338 are diabetic. Around 10,852 patients are diagnosed as diabetes mellitus type 2 

which represents 18% of total NCD patients (UNRWA, 2011). 

 

Sabra Health Center 

The catchment area of Sabra Health center is Sabra, Al-Zaiton, Tal-Elhawa, Part of 

Shejaeia and Part of South Rimal. It serves about 72406 of population. 

The number of registered NCD including diabetes type 1, diabetes type 2, hypertension 

and both diabetes and hypertension is 3266 patients (44 DM type 1, 336DM type 2, 1587 

HTN, and 1229 both DM & HTN) (Sabra clinic, 2012). 

 

Beach Health Center 

It serves about 87.000 of population. The number of registered NCD including diabetes 

type 1,diabetes type 2, hypertension and both diabetes and hypertension is 2802 patients 

(51 DM type 1, 449 DM type 2, 1478 hypertension, 824 both DM &hypertension) (Beach 

clinic, 2012). 
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Chapter 2 

Literature Review 

 

Diabetes Mellitus is a metabolic disorder of multiple etiology characterized by chronic 

hyperglycemia with disturbances of carbohydrates, fat and protein metabolism resulting 

from defects of insulin secretion, insulin action or a combination of both (DeFronzo, 

2004). 

T1DM which is known as insulin-dependent diabetes mellitus, or juvenile diabetes 

accounts for only 5% to 10 % of cases, caused by immune destruction of the ɓ-cells of the 

pancreas. It may present at any age, but most common in childhood and adolescence. 

Genetic predisposition and environmental triggers (infection or other stress) are 

contributing factors (Loghmani, 2005). These patients are prone to ketoacidosis, coma and 

death (Amod et al., 2012). 

T2DM is the most common type (> 90% of cases) and is predominated by disorders of 

insulin action (insulin resistance), with insulin deficiency relative to a predominant 

secretory defect as disorders of insulin action and secretion (Amod et al.,2012). 

Contributing factors are obesity, age, lack of physical activity, genetic predisposition, 

racial/ethnic background (African American, Native American, Hispanic and 

Asian/Pacific Islander) and Conditions associated with insulin resistance as polycystic 

ovary syndrome (Loghmani, 2005). 

GDM is a form of glucose intolerance diagnosed in some women during pregnancy. It is 

more common among obese women and women with a family history of diabetes. During 

pregnancy, gestational diabetes requires treatment to normalize maternal blood glucose 

levels to avoid complications in the infant. After pregnancy, 5-10% of women with 

gestational diabetes are found to have type 2 diabetes. Women who have had gestational 

diabetes have a 20-50% chance of developing diabetes in the next 5-10 years (Center of 

Disease Control & Prevention [CDC], 2005). 

Other Specific Types of diabetes result from specific genetic conditions (such as maturity-

onset diabetes of youth), surgery, drugs, malnutrition, infections, and other illnesses. Such 

types of diabetes may account for 1% to 5% of all diagnosed cases of diabetes (CDC, 

2005). 

Pre-diabetic conditions including impaired fasting glucose and impaired glucose tolerance, 

being overweight or obese (Body mass index Ó 25 kg/m
2
), family history of diabetes, 
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gestational diabetes and negative lifestyle habits such as lack of exercise and smoking are 

considered the main risk factors for type 2 diabetes (Malkawi, 2012). 

 

Complications of Diabetes Mellitus 

Acute Complications of DM 

Acute complications include diabetic ketoacidosis, non-ketotic hyperosmolar coma and 

hypoglycemia. Generally, these states are reversible and but if not treated can lead to death 

(Becker, 2009). 

Chronic Complications of DM 

Chronic complications can be divided into vascular and nonvascular complications. The 

vascular complications are further subdivided into microvascular (retinopathy, neuropathy, 

and nephropathy) and macrovascular complications (coronary artery disease, peripheral 

vascular disease, and cerebrovascular disease). Nonvascular complications include 

problems such as sexual dysfunction, gastroporesis, and skin changes (Tripathi & 

Srivastava, 2006). 

Epidemiology of DM 

Worldwide, DM is now considered one of the main threats to human health in this century. 

The global epidemic of people with T2DM is largely due to population growth, aging, 

urbanization, and the scourge of obesity and physical inactivity (Badran & Laher, 2012). 

More than 371 million people have diabetes, half of people with diabetes are undiagnosed, 

4.8 million people died due to diabetes, more than 471 billion USD were spent on 

healthcare for diabetes (Diabetic in UK, 2012), and it is expected to affect 552 million 

people by 2030 (Badran & Laher, 2012). 

The International Diabetes Federation (IDF) estimated that in 2011 the five countries with 

the largest numbers of people with diabetes were China, India, the United States of 

America, Russia and Brazil (Diabetic in United Kingdom [UK], 2012). 

United Kingdom  

In 2011, there are 2.9 million people who have been diagnosed with diabetes in the UK. 

By 2025, it is estimated that five million people will have diabetes in the UK. It is 

equivalent to more than 400 people every day, over 17 people every hour, around three 

people every ten minutes (Diabetes in UK, 2012). 
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Middle East Area 

The prevalence of T2DM has increased dramatically in the Arabic-speaking countries over 

the last three decades, a trend that parallels increased industrial development. The wealth 

generated by oil-rich resources in countries of the Arabian Gulf has led to improve living 

standards, while there have also been accelerated urbanization, drastic changes in 

nutrition, reduced physical activity, and a greater reliance on mechanization and migrant 

workers. An estimated 9.1% of the populations from the Middle Eastern/North African 

region have type II diabetes (32.8 million) in 2011, and this is projected to reach 60 

million in 2030 (Badran & Laher, 2012). 

The prevalence rates among adults of the Arabic speaking countries as a whole range 

between 4%ï21%, with the lowest being in Somalia and the highest in Kuwait. As 

economic growth has accelerated, so has the movement of the populations to urban centers 

where people are more likely to adopt lifestyles that embrace increased high-calorie food 

consumption and sedentary lifestyles. These factors contribute to the increased prevalence 

of obesity and diabetes in the Arabic speaking countries (Badran & Laher, 2012). 

Egypt 

The crude prevalence rate of known diabetes in Egypt in 2008 was 4.07% (Arafa & El 

Din, 2010). 

Palestine 

Palestine is experiencing a rapid health transition, with a large and rising burden of 

chronic diseases, which are estimated to account for a large proportion of all deaths. There 

are no available data to suggest the overall prevalence or incidence of diseases like 

cardiovascular disease, hypertension or diabetes mellitus. In general, we depend on 

mortality data from the different health centers to estimate the impact of these diseases on 

society (Abdeen , 2006). 

DM caused 3.1% of deaths in the total population (8.5 per 100 000 population), according 

to 2005 data from the Ministry of Health (MOH, 2005). 

Non-communicable diseases (NCDs) continued to account for the vast majority of deaths 

occurring in UNRWAôs host country populations. NCDs also represent an increasing 

health challenge among Palestine refugees, with a steady increase in the number of 

diabetes and or hypertension patients treated at UNRWA health centers. At the end of 

2012, a total of 193,328 patients with diabetes and/or hypertension were registered for 

UNRWAôs NCD services across the four Fields excluding Syria. This represents an 
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increase of around 8,000 patients from 2011 for the four fields at 185,420 patients 

(UNRWA, 2012). 

The Agency-wide prevalence of diagnosed Diabetes Mellitus and hypertension among the 

served population at 40 years of age and above was 11.0% and 16.5% respectively during 

2012, the assessment found that 29.4% of hypertensive patients were at high risk, followed 

by 24.5% of patients with both diabetes and hypertension and 14.2% of type II diabetes 

patients. The prevalence of DM in Gaza Strip is 11.2% , at West Bank is 13.2% 

(UNRWA, 2012). 

By the end of 2010, the total number of Palestine refugees registered in the Agencyôs area 

of operation was 4,966,664. Around 1,167,360 individuals in Gaza Strip. 43.9% in Camps 

(UNRWA, 2010). 

Furthermore, changes in lifestyle have resulted in increases in the prevalence of non-

communicable diseases (NCD) among Palestine refugees, in keeping with similar trends 

observed globally. NCD include diabetes, cardiovascular diseases, cancer and chronic lung 

diseases. These diseases are now the leading causes of death among Middle East 

populations, including Palestine refugees (UNRWA, 2011). 

NCDs account for the vast majority of deaths occurring in UNRWA.s host country 

populations, causing approximately 80% of all mortality in these countries. NCDs also 

represent an increasing health challenge among Palestine refugees, with a steady increase 

in the number of NCD patients treated at UNRWA health centers. At the end of 2011, a 

total of 211,533 patients with diabetes and/or hypertension were registered for UNRWA 

NCD services across the five Fields (Gaza Strip, West Bank, Jordan, Lebanon and Syria). 

This represents an increase of more than 12,000 patients from 2010 and is more than twice 

the number registered in 2001 (UNRWA, 2011). 

According to UNRWA registrations, the total number of NCD patients in Gaza Strip 

is60.900; 1.050 (1.72%) diagnosed as T1DM,11.365 (18.66%) diagnosed as T2DM, 

30.786 (50.55%) diagnosed as hypertension and both DM and hypertension (HTN), 

29.07% (UNRWA, 2011).        
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Diagnosis of Diabetes Mellitus 

According to ADA (2012), the diagnosis of DM can be made in the following situations  

a) Occasional plasma glucose Ó200 mg/dl (11.1 mmol/L) (obtained at any time of day 

and without regard to when food was last ingested) and symptoms of DM (polyuria, 

polydypsia and inexplicable weight loss);  

b) Fasting plasma glucose (FPG) Ó126 mg/dl (7.0 mmol/L), fasting being a period of at 

least 8 hours without ingestion of food). 

c) Two-hour plasma glucose Ó200mg/dl (11.1mmol/L) during an OGTT. The test 

should be performed as described by the WHO, using a glucose load containing the 

equivalent of 75 g anhydrous glucose dissolved in water, or 

d) Hemoglobin A1c(HbA1c) Ó 6.5%  

 

Pre-diabetes: Pre diabetes is defined as hyperglycemia not sufficient to meet the 

diagnostic criteria for diabetes, but that which is associated with an increased risk of 

progression to type 2 diabetes mellitus (ICSI, 2012), including impaired fasting glucose 

and impaired glucose tolerance, being overweight or obese (Body Mass Index [BMI]  Ó 25 

kg/m
2
), family history of diabetes, gestational diabetes and negative lifestyle habits such 

as lack of exercise and smoking are considered the main risk factors for T2DM (Malkawi, 

2012). Diagnosis of pre-diabetes is made when an individual meets one or more of the 

following criteria:  

Á Hemoglobin A1c (HbA1c) equal 5.7-6.4%. 

Á Fasting plasma glucose of 100 mg/dl to 125 mg/dl 

Á Oral glucose tolerance test two-hour plasma glucose: 140 mg/dl to 199 mg/dl (ICSI, 

2012). 

Hemoglobin A1c (HbA1c) 

HbA1c levels are measured periodically to determine the average blood sugar level over 

the previous 2 to 3 months. HbA1c level should be obtained at least twice yearly in 

patients who are meeting treatment goals and who have stable glycemic control. But they 

should be done quarterly in patients whose therapy has changed or who are not meeting 

glycemic controls (Justad, 2009). 
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Risk Factors for Diabetes Mellitus 

The ADA Guide to Diabetes Medical Nutrition Therapy and Education  listed the major 

risk factors for type 2 diabetes mellitus as: age Ó45 years, ethnicity, family history, 

habitual physical inactivity, overweight (BMI Ó25 kg/m
2
), obesity (BMI Ó30 kg/m

2
), 

hypertension (ÓI40/90mm/Hg in adults), previously diagnosed impaired fasting glucose or 

impaired glucose tolerance, high density lipoprotein (HDL) cholesterol <35mg/dl) and/or 

triglyceride level (>250 mg/dl), polycystic ovary syndrome, and history of vascular 

disease (Christopherson, 2009). 

The role of lifestyle and behavioral factors in the development and management of this 

chronic illness is now widely acknowledged. Evidence from cross-sectional and 

prospective studies demonstrates the role of obesity and a sedentary lifestyle as major risk 

factors for the development of type 2 diabetes (Clark, 2002). 

The development of type 2 diabetes seems to be a product of the interaction between 

genetic susceptibility and environmental factors. The fact that sedentary lifestyle, obesity 

and type 2 diabetes have so recently increased which indicate that obesity and physical 

inactivity may constitute one of the main reasons for the increasing burden of diabetes in 

the developed world. (Kastorini & Panagiotakos, 2009). 

 

Obesity  

Diabetes is the most important disease burden associated with obesity (Pranita, 

2011).Evidence from several studies indicated that obesity and weight gain are associated 

with an increased risk of diabetes and that intentional weight loss reduces the risk that 

overweight people will develop diabetes (Mokdad et al., 2003).The most widely used 

index of obesity is BMI, calculated as weight (kg) divided by square height meter. BMI 

>30 kg/m
2
 is the most widely used epidemiological and clinical definition of obesity. 

Obesity, thus defined, is a powerful risk factor for type 2 diabetes (Pinkney, 2001).Even 

modest weight reduction is associated with a reduction in insulin resistance, a reduction in 

hepatic glucose production, and perhaps, an improved islet ß-cell function (Bastaki, 2005). 

A study of the association between diabetes and BMI showed that at a BMI of 35 kg/m
2
, 

the relative risk T2DM increased 40%. However, even thin people are at risk of diabetes if 

they lead a sedentary or unhealthy lifestyle, such as low physical activity, irregular eating, 

eating a poor diet, and emotional stress, because they increase the build-up of óinvisibleô 

visceral fat. (Price & Raffelsbauer, 2012) 
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Li G. et al.(2002) reported that Type 2 diabetes was four times as common if the BMI was 

>27.0. Increasing waist measurements predicted ten folds increases in hypertension and a 

three-to-five times increased risk of diabetes. Suitable waist cut-off points were 102 cm 

for men and 88 cm for women, with statistical analysis showing waist as the more 

dominant predictor of risk than age, waist-to-hip ratios or BMIs. Hence, small increases in 

BMI, and particularly in waist circumference, predict a substantial increase in the risk of 

diabetes. Even modest weight reduction is associated with a reduction in insulin 

resistance, reduction in hepatic glucose production, and perhaps, an improved islet ß-cell 

function (Bastaki, 2005). 

 

Physical Activity 

T2DMis caused by both genetic and life style factors. However, the predisposition of the 

genetic factor requires the presence of environmental and life style factors. Moreover, 

most of the dramatic increase in type 2 diabetes occurred within populations that 

witnessed rapid and major life style changes. Physical activity can be helpful in the 

primary and secondary prevention of diabetes (Malkawi, 2012).Exercise has a significant 

role in the regulation of blood glucose, improves insulin action, metabolism of proteins 

and fats, prevents complications of diabetes, improves muscle flexibility and strength, has 

beneficial effects on the cardiovascular system and increases life expectancy of the 

patients. In addition, physical activity is beneficial for the mental state of the individual, 

because it increases the energy of the human body, improves self-esteem and decreases 

depression (Polikandrioti & Dokoutsidou, 2009). 

Physical activity of moderate intensity for longer 225ï 420 minutes per week will result in 

5-7.5 kg weight loss. A dose-response relationship exists. To prevent weight gain of > 3% 

in adults, moderate exercise for 150-250 minutes per week is required. For weight 

maintenance after weight loss, 200-300 minutes of exercise per week is required (Amod et 

al., 2012). 
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Treatment of Diabetes Mellitus 

Goals of Therapy 

DM treatment goals include reducing long-term microvascular and macrovascular 

complications, preventing acute complications from high blood glucose levels, minimizing 

hypoglycemic episodes, and maintaining the patientôs overall quality of life. To achieve 

these goals, near-normal blood glucose levels are fundamental (Cook et al., 2008) 

Major Components of the Treatment of DM  

1 Diet, physical activity and weight reduction. 

2 Oral hypoglycemic therapy. 

3 Insulin treatment. 

Dietary Treatment 

Aim  

Dietary and lifestyle modifications are the mainstay of treatment and management for 

T2DM. The majority of people with T2DM are overweight and usually have other 

metabolic disorders of the insulin resistance syndrome, so the major aims of dietary and 

lifestyle changes are to reduce weight, improve glycemic control and reduce the risk of 

coronary heart disease (CHD), which accounts for 70% to 80% of deaths among those 

with diabetes (Bastaki, 2005), correcting any associated blood lipid abnormalities, 

ensuring consistency and compatibility with other forms of treatment if used, for example 

oral agents or insulin (Alwan, 1994).  

Dietary Behavior 

In most cases of T2DM, lifestyle modification, including dietary behaviors, become the 

first choice of diabetes management. Following dietary behaviors recommendations are 

important to control blood glucose levels, improve health status, and prevent 

complications (Primanda et al., 2011). Adherence to a healthy dietary pattern, like the 

Mediterranean diet, exerts a beneficial role regarding the development of diabetes. The 

Mediterranean dietary pattern emphasizes a consumption of fat primarily from foods high 

in monounsaturated fatty acids, and mainly olive oil, and encourages consumption of 

fruits, vegetables, tree nuts, legumes, whole grains, fish and poultry in low to moderate 

amounts, and a relatively low consumption of red meat ( Kastorini & Panagiotakos, 2009). 

The loss of traditional healthy dietary habits during the last years, the increased 

consumption of energy-dense foods and increased portion sizes, have been associated with 

the explosive increase of diabetes. Fortunately, lifestyle factors, such as diet and physical 
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activity, are modifiable and disease manifestation from these factors is largely preventable 

(Kastorini & Panagiotakos, 2009).Different randomized control trails and prospective studies 

and literatures have suggested a strong relationship between lifestyle modification and 

diabetes prevention. Lifestyle changes by dietary modification and increased physical activity 

reduced relative risk for development of type 2 diabetes rather than physical activity alone. 

Leisure time physical activity has shown to be inversely associated with T2DM (Biswas, 

2006). 

A healthy snack option (fruits, nuts, etc.) after a moderate meal can be introduced. The 

initial discomfort of ónot feeling fullô can be overcome by giving options of eating low or 

non-caloric food items such as vegetable salads and egg white. A major meal and a snack 

following that meal should have a calorie and carbohydrate distribution in a ratio of 2:1. 

While some people feel eating frequently is socially unacceptable, it is important to 

emphasize the benefits of small, frequent meals and ask people to ignore the discomfort 

which is usually short-lived. The system of split meals or snacks has many benefits as it 

improves postprandial glycaemic response, it improves insulin sensitivity, it helps match 

the pharmacokinetics of insulin or other insulin secreting drugs and hence provides 

optimum glycaemia (Patil, 2007). 

Macronutrients  

For diabetic patients, calories from carbohydrates, fat and protein should be taken in 

moderation within certain values.  

Carbohydrates 

Carbohydrates provide 50-60%of total caloric content of the diet (Alwan, 1994). Excess 

carbohydrate intake leads to reduction in high-density lipoprotein (HDL)-cholesterol and 

higher triglyceride levels, which have been shown to have an atherogenic affect that leads 

to cardiovascular disease (Malloy & Lardinoi, 2007).Most dietary recommendations have 

emphasized the use of complex carbohydrates or starches  and the avoidance of simple 

carbohydrates or sugars based on the belief that simple sugars will be digested and 

absorbed more quickly and thus would induce a more rapid postprandial glucose response. 

Numerous metabolic studies have challenges this view and it is now recognized that many 

starches food such as backed potatoes and white bread produce even higher glycemic 

responses than do simple sugars. To quantify different glycemic responded by different 

carbohydrate food, the concept of glycemic index is developed (Hu et al., 2001). 
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For individuals with diabetes, the use of glycemic index and glycemic load may provide a 

modest additional benefit for glycemic control over that observed when total carbohydrate 

is considered alone(ICSI, 2012). 

Protein 

According to ADA (2010) Protein intake can range between 15-20 % total energy (0.8-1 g/kg of 

desirable body weight) , the long-term effects of consuming more than 20% of energy as 

protein on the development of nephropathy have not been determined. High-protein diets 

are not recommended as a method of weight loss at this time (ICSI, 2012) 

It has been widely thought that protein, when ingested with carbohydrate, slows the 

absorption of carbohydrates. There have been a number of studies that have concluded that 

in mixed meals the addition of protein to carbohydrate may reduce circulating glucose 

concentrations in people withT2DM (Malloy & Lardinoi, 2007). 

Dietary Fibers 

Dietary fibers are a part of carbohydrates, but are considered nonnutritive as they do not 

provide any energy. Soluble or insoluble, they have been proven to be useful in various 

ways (Patil, 2007). Soluble viscous fiber plays an important role in controlling 

postprandial glycemic and insulin responses and satiety, which is attributable to its effect 

of slowing gastric emptying and intestinal nutrient absorption (Salvado et al., 2011). 

Fat 

Fat should provide less than or equal to 30% of total calories, less than 7% saturated fats 

and less than 200 mg cholesterol (ICSI, 2012). 

A high fat content in the diet may result in deterioration of glucose tolerance by several 

mechanisms including decreased binding of insulin to its receptors, impaired glucose 

transport, reduced proportion of glycogen synthase and accumulation of stored 

triglycerides in skeletal muscle. The fatty acid composition of the diet, in turn, affects 

tissue phospholipid composition, which may relate to insulin action by altering membrane 

fluidity and insulin signaling (Steyn et al., 2003). 

Fruits and Vegetables 

Increased intake of fruit and vegetables is generally recommended as part of a healthy diet 

because of an inverse association with obesity and cardiovascular diseases. However the 

results of a recent systematic review of 5 cohort studies did not suggest that fruit and 

vegetable consumption may lower the risk of diabetes (Salvado, 2011). 
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Salt Intake 

Because of the increased frequency of hypertension and cardiovascular risks in diabetes, 

diabetic patients should be advised to restrict sodium intake to 6 g/day or 3 g/day or less if 

suffering from moderately high blood pressure (Bastaki, 2005). 

Drug Therapy of NIDDM  

Drug therapy of NIDDM should be considered when diet, patientôs education, and 

increased physical activity have failed to achieve individual treatment goals. 

Oral Hypoglycemic Drugs 

For type 2 diabetes, it is clearly a priority to provide effective control of the 

hyperglycemia to reduce macro- and microvascular complications. The standard approach 

begins with diet, exercise, and healthy-living advice, particularly designed to facilitate 

weight loss in the obese. These measures are ineffective in 90% of newly diagnosed type 2 

diabetes patients, and the progressive nature of type 2 diabetes dictates that most patients 

require drug therapy (Tripathi & Srivastava, 2006). 

Types of Oral Hypoglycemic Agents 

1 Insulin secretagogues as Sulphonyluria, Meglitinide analogues 

2 Insulin sensitisers as Biguanides, Thiazolidinediones or glitazones 

3 Drugs delaying GI glucose absorption as Glucosidase inhibitors, Amylin analogues 

4 Inhibitors of intermediary metabolism,  

5 Insulinomimetic drugs (Reddyet al., 2000). 

Diabetes Mellitus and Trace Elements 

Dietary composition has a big role in control of diabetes mellitus, nowadays composition 

of our diet has changed considerably which causes greatly to increase incidence of many 

different disease such as diabetes mellitus. Trace elements form part of daily diet, which 

are well known to play vitally important roles in the maintenance of health (Hasan, 2013). 

Type 2 DM is an endocrinological disease associated with hyperglycemia characterized by 

both insulin resistance and defective insulin secretion.  

A relationship between DM and minerals is frequently reported. Alteration in the 

metabolism of copper and magnesium is associated with DM. Trace elements are accepted 

as essential for optimum health, because of their diverse metabolic characteristic and 

function. Trace elements participate in production of reactive oxygen species (ROS), 
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which contribute to oxidative stress. Oxidative stress contributes to the pathogenesis of 

many diseases including DM (Supriya et al., 2013). 

 

Trace elements and DM complication 

The importance of protein glycation is well known in the pathogenesis of diabetic vascular 

complications. Transition metals also play a role in protein glycation induced by 

hyperglycemia. It has been shown that glycated proteins have a substantial affinity for the 

transition metals, and the bound metal retains redox activity and participates in catalytic 

oxidation. Thus, should similar glycochelates form in vivo, reactions mediated by the 

chelates could be involved in the vascular complications of diabetes (Swaminathan et al., 

2007). 

Several studies have indicated that long-term hyperglycemia is a risk factor of diabetic 

complications and that there is some association between the status of several metal ions 

and diabetic complications. It remains unknown, however, whether the alteration of the 

metabolism of such metal ions is a consequence of hyperglycemia (Naka et al., 2013). 

Alterations in trace elements have been reported in a number of disease states. Deficiency 

of some trace elements has been correlated with the presence of diabetic complications. It 

is not known whether differences in trace elements status are a consequence of diabetes 

and hyperglycemia or alternatively whether their deficiencies contribute to the expression 

of the disease (Chinyere et al., 2005). Magnesium deficiencies have been implicated in  

insulin resistance, carbohydrate intolerance, dyslipidemia and complications of diabetes 

(Masood, 2009). 

 

Zinc 

The body contains between 1.5 and 2.5 g of zinc, so that it is the second most abundant 

trace minerals in the body, after iron. Turnover of body zinc measured by radioisotope 

studies is about 6 mg per day in adults. Balance studies show that 12.5 mg of dietary zinc 

is needed per day to maintain a positive balance. The Standing Committee on the 

Scientific Evaluation of Dietary References Intakes has set the recommended daily 

allowances (RDA) at 9 and 13 mg per day for adult women and men, respectively (Alpers 

et al., 2008).Normal serum zinc level 75-120ug/dl (Kratz et al., 2005). 

Zinc occurs in a wide variety of food sources, but is found in highest concentrations in 

animal-source foods, particularly in the organs and/or flesh of beef, pork, poultry, fish and 
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shellfish, and with lesser amounts in eggs and dairy products. Zinc content is relatively 

high in nuts, seeds, legumes, and whole-grain cereals, and is lower in tubers, refined 

cereals, fruits, and vegetables (Hotz & Brown,2002). 

Zinc deficiency is associated with a number of metabolic disturbances including impaired 

glucose tolerance, insulin degradation, and reduced pancreatic insulin content 

(Akhuemokhan et al., 2010).  

A study conducted in Duhok city revealed that zinc deficiencies were observed in the 

individuals studied with a higher prevalence in diabetic group. The measured zinc status is 

associated with the glycemic control of diabetes (Al-Timimi&  Mahmoud, 2011). 

In India, a study conducted in 40 type 2 diabetic subjects and 40 age- matched control 

subjects revealed that serum levels of zinc in the type 2 diabetic patients group were not 

found to be statistically different (Diwan et al., 2006). 

A study conducted by (Yahya et al., 2011) has indicated that serum zinc levels were 

significantly lower in diabetic subjects than non diabetics (p<0.05) attending Aziz Fatimah 

Hospital in Pakistan. Zinc levels ranged from 1.05-4.8 mg/dl in males and 1.7-3.5 mg/dl in 

females of middle socioeconomic group which was very low than normal non-diabetic 

population. 

 

Magnesium 

Magnesium (Mg) is an important intracellular cation that is distributed into three major 

compartments: mineral phase of bones (65%), intracellular space (34%) and extracellular 

fluid (1%). Magnesium is needed for more than 300 biochemical reactions in the body. 

Magnesium helps to regulate blood sugar levels, promotes normal blood pressure, and is 

known to be involved in energy metabolism and protein synthesis (Mishra et al., 2012). 

Normal magnesium level 1.7-2.2 mg/dl (Midline Plus, 2013).Mg is bound to protein and 

phosphate ions, and to porphyrin in green leafy plants and vegetables. Good dietary 

sources include whole grains, legumes, dark green leafy vegetables, nuts, fish, whole 

grains and cocoa. Dairy products, meats and eggs contain lesser amounts of Mg (Alperset 

al., 2008). 

In India, a study conducted in 40 type 2 diabetic subjects and 40 age- matched control 

subjects revealed that serum Mg levels were significantly lower in diabetic subjects 

(Diwan et al., 2006).A conducted comparative study in Pakistan included 116 type 2 

diabetic patients and 40 non-diabetic subjects resulted that mean (±SD) Mg and Zn levels 

were significantly reduced in blood samples of diabetic patients as compared to control 
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subjects (p<0.0001-<0.05) and concluded that deficiency and efficiency of some essential 

trace metals may play a role in the development of diabetes mellitus (Hussain, 2009). 

 

Iron  

Iron is the most abundant transitional metal in the body. The crucial role of iron in the 

pathophysiology of disease is derived from the easiness with which iron is reversibly 

oxidized and reduced. This property, while essential for its metabolic functions, makes 

iron potentially hazardous because of its ability to participate in the generation of powerful 

oxidant species such as hydroxyl radical (Mohammed, 2013; Swaminathan et al., 2007). 

Dietary iron is available in a variety of nuts, seeds, red meat and egg yolks. About 40% of 

the iron from these sources is heme iron, absorbed with about 15% to 45% efficiency. 

Vegetable iron content varies greatly according to the growing conditions of plants. Non-

heme iron is absorbed with only about 1% to 15% efficiency. The standing Committee on 

the Scientific Evaluation of Dietary Reference Intakes has now assigned an RDA for 

males of all age groups and for postmenopausal women of 8 mg per day, and for 

premenopausal women of 18 mg per day (Alpers et al., 2008). 

The role of iron in the pathogenesis of diabetes is suggested by 1) an increased incidence 

of type 2 diabetes in diverse causes of iron overload and 2) reversal or improvement in 

diabetes (glycemic control) with a reduction in iron load achieved using either phlebotomy 

or iron chelation therapy (Swaminathan et al., 2007). 

 

Copper  

Copper is an essential trace element, an important catalyst for heme synthesis and iron 

absorption. Following zinc and iron, copper is the third most abundant trace element in the 

body. Its role as a cofactor component of cytochrome oxidases, superoxide dismutase, 

tyrosinase, uricase, dopamine ß-hydroxylase, lysyl oxidase and ceruloplasmin make it a 

key micronutrient for oxidative pathways. The bioavailability of copper from the diet is 

about 65- 70% depending on a variety of factors including chemical form, interaction with 

other metals, and dietary components. The biological half-life of copper from the diet is 

13-33 days with biliary excretion being the major route of elimination (Siddiqui et al., 

2006). 

The richest sources of copper is crustaceans and shellfish (especially oysters and crabs) 

and also organ meats. The next riches sources are nuts and legumes, dried fruit and cocoa. 
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Recommended daily intake (RDI) for adults is 900 ug (Alpers et al., 2008) and normal 

copper level 70-140ug/dl (Kratz et al., 2005). 

Supriya et al. (2013) found a significantly increased level of copper and glycated 

haemoglobin and decreased level of magnesium in cases as compared to controls. The 

study also revealed a significant positive correlation between serum copper and glycated 

haemoglobin and a negative correlation between serum magnesium and glycated 

haemoglobin. 
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Chapter 3 

Methods and Subjects 

 

Study Design 

A case-control study is conducted in UNRWA primary health care centers in Gaza City 

(Sabra & Beach primary health centers). Case-control studies is a type of observational 

study in which two existing groups differing in outcome are identified and compared on 

the basis of some supposed causal attribute; it can yield an important scientific findings 

with relatively little time, money, and effort compared to other study designs (Schulz & 

Grimes, 2002). This study was chosen to investigate the association of dietary and serum 

levels of zinc, magnesium, iron and copper among type 2 diabetic patients. 

 

Setting of the Study 

The study was conducted at UNRWA Sabra and Beach camp primary health care centers 

in Gaza governorates. 

 

Study Population 

The target population isT2DM patients attending Sabra and Beach camp UNRWA primary 

health care centers and equal number of apparently healthy participants by clinical 

examination and with no history of any disease such as diabetes and hypertension. All 

participants age were more than 30 years. They were recruited according to the inclusion 

and exclusion criteria in the study.  

Sample Size and Sampling 

The present study has been conducted on 120 participants divided into 60 cases 

withT2DM, 60 non-diabetic participants as normal control. 

Diabetic patients on oral hypoglycemic agents were sorted out then probability 

randomized systemic sample were drawn. 

Period of Study 

 The study was started at the beginning of January, 2013 by studying the research problem 

and reviewing the literature. In March, 2013, setting up the administrative procedures and 
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seeking ethical approval were carried out; after pilot study had been conducted. Data 

collection was started at the 20
th
 of April 2013 and continued until 22

nd
of May 2013. Data 

analysis was finalized in June, 2013. Writing and revising the thesis started in July, 2013. 

Response Rate 

The entire selected subjects had positively responded, thus, the response rate was 100%. 

Selection Criteria 

Subjects who were eligible to participate in the study were those who met the following 

criteria.  

Inclusion Criteria  

Cases  

1. Patients diagnosed with type 2 diabetes mellitus with age more than 30 years old. 

2. Patients with type 2 diabetes mellitus who treated with oral hypoglycemic agents. 

Controls  

Non-diabetic individuals, apparently healthy and cross matched with age & sex. 

Exclusion Criteria  

Á Type 1 DM 

Á Gestational DM. 

Á Hypertension or Thyroid diseases. 

Á Gastrointestinal (GI), liver or kidney diseases. 

Á Patients currently taking nutritional supplements, Mg containing laxatives, diuretics. 

Ethical Consideration 

Approval letters from 

1. Dean of college of pharmacy in Al Azhar University. 

2. Dean of postgraduate studies & research affairs, Al Azhar University (annex 1). 

3. Chief Field Health Program of UNRWA (annex 2). 

4. Consent form from the study participants (annex 3). 

Confidentiality and privacy: Information obtained from clients was kept confidential.  

Identifying subjects with a code number rather than name protected the identity of study 

subjects.  The right of the clients to hear about the nature of the study, clients informed 

that they could receive all the services of health facility whether or not they participate in 

the study.  The consent form presented to the subject whom freely agreed to his/her 

inclusion in the study. 
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Data Collection Tools 

 Anthropometric M easurements 

Height was measured using standing measuring scale, weight was measured using 

weighing scale and waist circumference (WC) was measured  using tape measure. 

BMI was calculated using standard formula (weight in kg/height in m
2
). 

Standardization of measuring techniques 

Height measurement: Measuring techniques eliminating positional errors are readily 

practiced and learned to the interviewer.  The participantôs head was positioned with the 

external auditory meatus and outer canthus of the eye in the same horizontal plane.  Gentle 

upward pressure is applied under the mastoids and the participant is asked to breathe in 

and then out and relax the shoulders.  Care was taken to ensure that the participant is 

barefooted and doesn't lift his heals from ground.   

Weight measurement: The participantôs weight is measured by balance scale, which 

checked at zero level before measuring procedures.  The participants wore light cloths.  

Waste circumference: the tape measure is placed around the participant bare abdomen just 

above his/her hip bone. The tape is snug, but does not compress the skin, and is parallel to 

the floor. The participant relax, exhale, and his/her waist is measured. 

Measurement of height, weight and waist circumference take place at the end of interview. 

 

Biochemical Measurements 

CBC, Fasting Blood Sugar, HbA1c, serum Zn, serum Mg, serum Fe, serum Cu and 

creatinine level for study participants. 

Specimen Collection 

Blood samples were collected from cases and controls. 

Blood Sampling and Processing 

Fasting overnight venous blood sample (about 6 ml) was drawn by well trained laboratory 

technician into vacutainer tubes from each control and diabetic individual. About 2 ml 

blood was placed into Ethylene-Diamine Tetra-Acetate(EDTA)vacutainer tube to perform 

HbA1C and CBC tests. The remainder quantity of blood was left for a while without 

anticoagulant to allow blood to clot. Then serum sample was obtained by centrifugation at 

room temperature by Labofuge 200 HerausSepatech at 4000 rpm/10 minutes.  
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Biochemical Analysis 

Serum Glucose, Creatinine, Magnesium, Copper, Zinc and Iron were analysed using a 

calometric method by RaytoChemry 240 chemistry Autoanalyzer in Central Blood Bank 

Society Laboratories. Quality assurance program was carried out by analyzing normal and 

abnormal lyophilized multi control sera from Human, Germany on every run of analysis. 

Deionized water was made as 1
st
 calibrator and multicalibrator from Diasys, Germany was 

used as 2
nd

 calibrator for the determination of colorimetric tests.  

Calculation of colorimetric tests: Glucose, Creatinine, Magnesium, Copper, Zinc and 

Iron were performed by the autoanalyzer automatically according to beer's law after 

calibration and adjustment of the photometers against water blank . 

 

The concentration of colorimetric test =       

 

Supplies 

Reagent Source 

1. Glucose AMS, Italy 

2. Creatinine AMS, Italy 

3. HbA1c AMS, Italy 

4. Iron AMS, Italy 

5. Magnesium AMS, Italy 

6. Zinc AMS, Italy 

7. Copper AMS, Italy 

8. Multicalibrator Diasys, Germany 

9. Multicontrol sera  Human, Germany 

 

Instrument  Specification Source 

1. RaytoChemry 240  Chemistry Autoanalyzer China 

2. Labofuge 200 HerausSepatech Centrifuge Germany 

3. Jwan Spectrophtometer UK 

 

 

      A Test x C CALS 

A CALS 
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1. Determination of Serum Glucose 

Serum Glucose was determined by glucose oxidase (GOD)/glucose peroxidase (POD) 

method (Trinder P. Determination of glucose in blood using glucose oxidase. Ann Clin 

Bioch, 6: 241969) using AMS, Italy. 

Principle 

GOD catalyses the oxidation of glucose to gluconic acid. The formed hydrogen peroxide 

(H2O2) is detected by a chromogenic oxygen acceptor, phenol-aminophenazone in the 

presence of POD. 

ɓ-D-Glucose + 2H20 + O2             
GOD

         Gluconic acid + H202 

H2O2 + Phenol + 4-Aminophenazone (4-AP)    
POD             

Quinone +  H2O 

The intensity of the red color formed is proportional to glucose concentration in the 

sample. 

Reagents 

Reagent Component Concentration 

 

 

Reagent 1 

 

Phosphate pH 7.4 

Phenol 

GOD 

POD 

4-AP 

NaN3 

25 g/L 

< 0.9 g/L 

> 30 KU/L 

> 1 KU/L 

0.4 mmoVL 

0.95 g/ l 

Procedure 

About 0.5 ml of serum was transferred to the RaytoChemry 240  Chemistry Autoanalyzer, 

to perform the test according to these parameters: 

 

Parameter Value 

Reagent volume (ɛl) 300 

Serum volume (ɛl) 3.0 

Calibrator 1 (mg/dl) 0.0 

Calibrator 2  CALS (mg/dl) 100 

Incubation time (s) 360 

Wavelength (nm) 510 

Calibrator type One Point-Linear 

Measurement Type End point 
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2. Determination of Serum Creatinine 

Serum Creatinine was determined by Alkaline Picrate method (Larsen K. ClinChemActa, 

66:209 (1972) using AMS, Italy. 

Principle 

Creatinine in the sample reacts with picrate in alkaline medium forming a colored 

complex. The complex formation rate is measured in a short period to avoid interferences. 

Reagents 

Reagent Component Concentration 

Reagent 1 

 

Picric acid 

 

20.5 mmol/L 

 

Reagent 2 

 

Sodium hydroxide 

Detergent 

 

1.25 mmol/L 

Procedure 

About 0.5 ml of serum was transferred to the RaytoChemry 240 chemistry Autoanalyzer, 

to perform the test according to these parameters: 

 

Parameter Value 

Reagent volume (ɛl) 250 

Serum volume (ɛl) 25 

Calibrator 1 (mg/dl) 0.0 

Calibrator 2  CALS (mg/dl) 2.0 

Incubation time (s) 30 

Reading time (s) 120 

Wavelength (nm) 510 

Calibrator type One Point-Linear 

Measurement Type Kinetic 

 

3.Determination of Serum Iron 

Serum iron was determined by iron-ferrozine method (WEIPPL G., et al;Blut. 27, 261 

(1973) using AMS, Italy.  

Principle 

The Fe
3+

 react with Cromazurol B yielding at room Temperature a colored complex whose 
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intensity is proportional to the iron concentration present in the sample.  

Reagents 

 

Reagent Component Concentration 

 

Reagent 1 

 

CTMA bromide 

acetate buffer 

pH 

Cromazurol B 

0.2 mol/I 

0.2 mol/I 

4.7 

2.0 mm/l 

 

Procedure 

About 0.5 ml of serum was transferred to RaytoChemry 240 chemistry Autoanalyzer, to 

perform the test according to these parameters: 

 

Parameter Value 

Reagent volume (ɛl) 180 

Serum volume (ɛl) 8 

Calibrator 1 (mg/dl) 0.0 

Calibrator 2  CALS (mg/dl) 200 

Incubation time (s) 28 

Wavelength (nm) 600 

Calibrator type One Point-Linear 

Measurement Type End point 

 

Normal  iron level (56 -178 ug/dl) (Walker, 2010). 

 

4. Determination of serum magnesium 

Serum magnesium was determined by colorimetric calmagite method (Thomas L. Clinical 

Laboratory Diagnostics. 1
st
ed Frankfurt: TH- Books Verlagsgesellschaft; 1998. p. 231-41) 

using AMS, Italy. 

Principle 

Magnesium ions react in an alkaline medium with xylidylbue to form a Purple color. 

Calcium is excluded from the reaction by complexing with GEDTA. 
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Reagents 

Reagent Component Concentration 

 

Reagent  

 

Xylidylbue 

GEDTA 

Ethanolamine pH 11.0 

110 ɛmol/l 

60 ɛmol/l 

1mol/l 

 

Procedure  

About 0.5 ml of serum was transferred to RaytoChemry 240 chemistry Autoanalyzer, to 

perform the test according to these parameters: 

Parameter Value 

Reagent volume (ɛl) 250 

Serum volume (ɛl) 3 

Calibrator 1 (mg/dl) 0.0 

Calibrator 2  CALS (mg/dl) 2.43 

Incubation time (s) 300 

Wavelength (nm) 510 

Calibrator type One Point-Linear 

Measurement Type End point 

 

Normal magnesium level 1.7-2.2 mg/dl (Midline Plus, 2013). 

 

5. Determination of Serum Zinc 

Serum Zinc was determined by colorimetric NTRO-PAPS method (PASQUINELLI F., 

Diagnostica e Tecniche di Laboratorio, (pag.:1103-1104) Rossini Editrice (1984).) using 

AMS, Italy. 

Principle 

Zn
2+

 reacts with NTRO-PAPS yielding at room temperature a coloured complex which 

intensity is proportional to the Zinc concentration present in the sample. The method does 

not require sample deproteinization either sample blank. 
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Reagents 

Reagent Component Concentration 

 

Reagent A 

Borate buffer pH 8.2 

Salicylaldoxime 

Dimethylglioxime 

Surfactants and preservatives 

370 mmol/l 

12.5 mmol/l 

1.25 mmol/l 

 

 

REAGENT B 

NITRO-PAPS 

Preservatives 

0.4 mmol/l 

 

Procedure  

About 0.5 ml of serum was transferred to the RaytoChemry 240 chemistry Autoanalyzer, 

to perform the test according to these parameters: 

 

Parameter Value 

Reagent volume (ɛl) 180 

Serum volume (ɛl) 9 

Calibrator 1 (mg/dl) 0.0 

Calibrator 2  CALS (mg/dl) 200 

Incubation time (s) 330 

Wavelength (nm) 578 

Calibrator type One Point-Linear 

Measurement Type End point 

 

Normal zinc 75-120ug/dl (Kratz et al., 2005). 

 

6. Determination of Serum Copper 

Serum Cu was determined by colorimetric Di-Br-PAESA method (PASQUINELLI F., 

DiagnosticaeTecniche di Laboratorio, (pag.:1099-1102) Rossini Ed. (1984)) using AMS, 

Italy. 

Principle 

Copper (Cu
2+

) reacts with the chromogen Di-Br-PAESA at room temperature yielding a 

coloured complex which intensity is proportional to the Copper concentration present in 

the sample. 

The method does not require serum deproteinisation either sample blank. 
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Reagents 

Reagent Component Concentration 

 

Reagent A 

Acetate buffer, pH 4.9 

Reducing agents and preservatives 

100 mmol/l 

 

Reagent B 

3,5 Di-Br-PAESA 

Preservatives 

0.02 g/l 

 

 

Procedure  

About 0.5 ml of serum was transferred to the RaytoChemry 240 chemistry Autoanalyzer, 

to perform the test according to these parameters: 

 

Parameter Value 

Reagent volume (ɛl) 180 

Serum volume (ɛl) 12 

Calibrator 1 (mg/dl) 0.0 

Calibrator 2  CALS (mg/dl) 200 

Incubation time (s) 600 

Wavelength (nm) 578 

Calibrator type One Point-Linear 

Measurement Type End point 

 

Normal (70-140 ug/dl (Kratzet al., 2005). 

 

7. Determination of Glycatedhemoglobin(HbA1C) in Whole Blood 

HbA1C was determined by the Chromatographic determination in tube with preweighted 

resin of Hemoglobin A1c in blood using AMS, Italy. 

 

 

Principle  

The present procedure utilizes a weak binding cation exchange resin for the rapid 

separation of glycated hemoglobin A1c from all the other hemoglobin. A hemolyzed 

preparation of the whole blood is mixed continuously for 5 minutes with a weak binding 
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cation exchange resin. During this time, HbA0 binds to the resin. HbA0 consist of all the 

other hemoglobins except A1c which remains in solution. After the mixing period, a filter 

is used to separate the supernatant containing the A1c from the resin. The percent   

glycohemoglobin is determined by measuring the absorbance at 415 nm of the A1c 

fraction and the total hemoglobin fraction. The ratio of the two absorbances gives the 

percent of HbA1c. 

Reagents 

Reagent A Resin: Each tube contains 3.0 ml cation-exchange resin 8 mg/dl. pH 

6.9 Preweighted in tube, ready to use 

Reagent B Lysing Reagent: Contains potassium cyanide 10 mmol/l and 

surfactants.  

Standard: Glycohemoglobin Standard (Lyophilized) A1c 10%. 

Filter Separators  

 

Procedure  

Allow reagents to reach working temperature before using. 

Hemolysate Preparation  

1. Dispense 500 ɛl Lysing Reagent (Reagent B) into tubes labelled: Standard, Control, 

Sample 1, etc. 

2. Place 100 ɛl of the well-mixed blood sample, standard or control into the 

appropriately labelled tube. Mix well. 

3. Allow to stand for 5 minutes. 

Glycohemoglobin Preparation 

Add 70 ɛl of the hemolysate in the resin tube (RA). 

1. Position the Filter Separators in the tubes so that the rubber sleeve is approximately 1 

cm above the liquid level. 

2. Place the tubes on the rocker or rotator and mix continuously for 5 minutes. 

3. Remove the tubes from the rocker or rotator. 

4. Push the Filter Separator into the tubes until the resin is firmly packed. 

5. The supernatant may be poured into another tube or directly into a cuvette for 

absorbance measurement. 

6. Adjust the instrument to zero absorbance at 415 nm with deionized water as the 

blank. (Wavelength range: 390-420). 
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7. Read and record the absorbance values for Standard, Control, Sample 1, etc. These 

readings are for glycohemoglobin. 

Total Hemoglobin Fraction 

1. Dispense 5.0 ml deionized water into tubes labelled: Standard, Control, Sample 1, etc. 

2. Place 20 ɛl of the hemolysate into the appropriately labelled tube. Mix. 

3. Adjust the instrument to zero absorbance at 415 nm with deionized water as the blank. 

4. Read and record the absorbance values for Standard, Control, Sample 1, etc. These 

readings are for total hemoglobin. 

 

Calculation of Results  

Results should be determined as follows: 

 

                                                                    R (unknown) 

% HbA1c (unknown) =                                                            x standard conc 

                                                        R (standard) 

 

Where: 

                                                                 Abs of HbA1c 

                                                        (unknown) 

R (unknown) = Ratio (unknown) = 

                                                           Abs of Hb Tot 

                                                             (unknown) 

 

                                                                  Abs of HbA1c 

                                                          (standard) 

R (standard) = Ratio (standard) = 

                                                            Abs of Hb Tot 

                                                        (standard) 

 

8. Complete Blood Count 

A cell dyne apparatus was used to analyze blood indices, RBCôs WBCôs, platelet 

 

Medical History 

It included history of retinopathy or laser therapy, history of nephropathy, history of 

neuropathy (numbness, tingling, hotness, etc in limbs), history of foot problems or 

surgery, hypertension, history of cardiovascular diseases or cerebrovascular disease. 

 

4. R

e

s

u

l

t

s 

5. For each Standard and UnkllO\vll 

calculate the ratio (R) of the 

glycohcmoglohinahsorhance to the 

hemoglobin ahsorbance as follows: 

6.  R 

(Unknown) 

7. Glycohclnogloh

in (%) cc: _._,-

._,-" -~-- 

8.  R 

(Standard) 

9. Conc

entra

tion 

10. of 

Glyc

ohem

oglob

in 

Stan

dard 

(%) 

11. Example: A Standard containing 

10.0% HbA, gave an absorbance 

(A,,) of 0.480 for the 

glycohemoglobin fraction and 

0.575 for the total hemoglobin 

fraction (AI.)' An Unknown gave 

corresponding absorbance values 

of 0.962 and 0.746. 

12. R 

(Standard) 

~ ~:~~~ ~ 

0.R.15 

13. R 

(Unknown) 

~ 0.962 ~ 

01.290 

14.  0.746 

15. Therefore: 

Glycohemoglobin (%) ~ -

L£2Q x 10.0 ~ 15.4 

16.  0.835 

17. Results may also he reponed as 

Hemoglobin A 1(.. When 

compared to the reference A Ie 

method. the Stanbio method 

showed a 98% correlation with an 

equation of: 

18. Y(A I, value) ~ 0.!38 x 

(Stanbio value) - 0.732 

19. The value obtained by the Stanbio 

method may be converted to 

20. Calculated AI, value by use of this 

fonnula. 

21. For a direct calculated AI,. value. 

the value of the Standard may be 

changed to 7.6% in lieu of the 

10.0% and the results will be Ale 

values. 
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Structured Interview Questionnaire 

A face to face structured interview questionnaire (annex 4) has been designed; it was used 

to collect the following data from each participant: 

1. Personal information; including gender, age, employment status, education level, 

smoking and socioeconomic factors including marital status as well as income. 

2. Family history; including Diabetes mellitus. 

3. Present history for Diabetic Patients; including duration of DM, type of treatment, 

compliance of patients, frequency of blood sugar measurements, the presence of 

diabetic complication as retinopathy, neuropathy, nephropathy, foot and heart 

complications. 

4. Dietary Behavior; including number of meals per day, main meal, having snacks 

between meals, red meat intake behavior, poultry intake, fish intake, dairy products 

intake, type of bread intake. 

Semi-quantitative Food Frequency Questionnaire (FFQ) 

Semi-FFQ was used to assess dietary intake of carbohydrates, Zn, Mg, Fe and Cu rich 

food. 

Validity  

The instruments used were examined to ensure that it is highly valid and reliable. 

Instruments included stadiometer, weight scale, and equipment used for biochemical and 

hematological analysis. 

Content validity of the questionnaire was conducted before data collection by submission 

the questionnaire, which was attached to the title and the objectives of the study to a panel 

of experts including researchers, health professionals and experts in the field of nutrition 

and public health. The experts were asked to evaluate the relevance, clarity and 

completeness of each item as well as the suitability of the tool for measuring the study 

objectives. According to the feedback obtained, the questionnaire was modified. Further 

items were added by the researcher according to the issues raised during the proposal 

discussion and the final modification was made with the help of the supervisor. 
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Pilot Study 

A pilot study was carried out before starting the study. It served as a pre-test for the 

intervention, the detection and correction of any question that is not adequately clear for 

all participants. The participants explained about the pilot study scope and their informed 

consent will be obtained. 

Pilot study was conducted on 3 cases and 3 controls from each study area to test the 

response size of effect and provide evidence about health personnel working in the study 

areas.  Pilot also clarifies areas of ambiguity and the suitability of the questionnaire.  

These study subjects were excluded from the sample of study.  Postpiloting, the questions 

had been underwent refraiming and remodeling to be clearer and easier to be understood. 

 

Statistical Analysis 

IBM SPSS Statistics program version 21 used for data analysis which includes: 

1. Coding of variables,  

2. Data entry and then cleansing. 

3. Data analysis  

4. Frequencies of variables 

5. Cross tabulations of the results and Chi square test for categorical data, was the 

statistical tool used to assess the association between (family members, monthly 

income, physical inactivity, BMI, DM, family history etc. 

6. T-test for quantitative data was used to compare means of serum Zn, Mg, Fe and  Cu 

levels between cases and control 

7. Correlation coefficient was also determined between quantitative variables. 

8. P value of < 5% for measuring statistical difference between variables is significant. 
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Chapter 4 

Results 

 

In this chapter the researcher views the results of the study variables in a comparative way 

using the chi square, t-test and P value as statistical tool to answer the study questions. 

 

Study Participants Characteristics 

The study population consisted of 60 T2DM patients and 60 age matched healthy subjects 

within the age more than 30 years from Gaza City. The average duration of diabetes is 

3.67 (±3.95years), minimum 1 year and the maximum duration is 20 years. 

The results shown in table 1 including the distribution of participants according to health 

center they attend and their socioeconomic characteristics such as gender, age, marital 

status, education level, occupation and income. 

The study population was selected from the Sabra and Beach health centers, 30 T2DM 

patients and 30 normal controls from each center were enrolled in the study. 

Gender 

Equal number of 60 cases and controls distributed equally by gender were enrolled in the 

study. 

Age 

The overall average of study participants age was 49.2 (±8.404 year), the youngest was 30 

years and the oldest was 72 years old. The age of T2DM patients was cross matched with 

normal controls; so the average age of diabetic patients was 50.23 (±8.57) and 48.57 

(±8.21) for controls. Participantsô age was divided into three categories one of them is 

young adults (Ò44 years old), middle adults (45-64 years old), old adults (Ó65 years old). 

The majority of the participants were middle adults (63.3%) among 65% are T2DM 

patients, 63.3% are normal controls. No statistically significant difference was found 

between cases and controls regarding the age of participants. 

Marital Status 

The marital status of participants was divided into four categories as follows: single, 

married, divorced and widowed state. Most of the participants were married (90.8%) as 

shown in table 1.No statistically significant difference was found between T2DM patients 

and normal controls regarding the marital status of participants. 
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Education Level 

Education level of participants was categorized into four levels: illiterate, basic, secondary 

and University & Higher. According to the results obtained in table 1, more than one third 

of the participants (40.8%) have a basic education; the percent of normal controls having 

"University and higher" degree (38.8%) was higher than T2DM patients (21.7%) and this 

difference was found to be statistically significant (p value = 0.01). 

Occupation Status 

According to the results shown in table 1, 45.5% of the participants were unemployed. 

Among T2DM patients , the percent of unemployment (55%) was higher than normal 

controls (40%) however, the difference was statistically insignificant (p value= 0.20). 

Family Number 

Regarding the family number, more than fifth (21.7%) of study population families 

include 10 or more individuals. The families of T2DM patients were larger (25%) than 

normal controls (18.3%). 

Income 

Table 1shows that family income data was analyzed in a way to determine income per 

capita per day. Income per capita was grouped into two categories according to the 

poverty line endorsed by the World Bank: those with income of less than 2 USD per 

day/capita and those with Ó2 USD per day/capita or more (World Bank, 2011). 

The percentage of participants with two or more dollars per day was (50.8%) which is 

slightly higher than participants with less than 2 dollars per day/capita (49.2%). The 

percent of T2DM patients with less than two dollars daily (61.7%) were higher than 

normal controls (36.7%) and the percentage of normal controls with more than two dollars 

per day (63.3%) were higher than T2DM patients and these differences were statistically 

significant (p value = 0.006). 

Smoking  

Smokers represent 17.5% of study participants. T2DM patients smoker patients are two 

folds (23.3%) of normal controls smokers (11.7%). 
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Table 1: Characteristics of Study Participants 

Variables 
T2DM Patients Controls Total 

P value 
No (%) No (%) No (%) 

Health Center 

Sabra HC 30 (50) 30 (50) 60 (50) 

1.0 Beach HC 30 (50) 30 (50) 60(50) 

Total  60 (100) 60 (100) 120 (100) 

Gender 

Male 30 (50) 30 (50) 60 (50) 

1.0 Female  30 (50) 30 (50) 60 (50) 

Total  60 (100) 60(100) 120 (100) 

Age (years)* 

Young Age Adults  18 (30) 21 (35) 39 (32.5) 

0.78 
Middle Age Adults  39 (65) 37 (61.7) 76 (63.3) 

Old Age Adults  3 (5) 2 (3.3) 5 (4.2) 

Total  60 (100) 60(100) 120 (100) 

Marital Status 

Single  0 (0) 4 (6.7) 4 (3.3) 

0.23 

Married  56 (93.3) 53 (88.3) 109 (90.8) 

Divorced  1 (1.7) 1 (1.7) 2 (1.7) 

Widow 3 (5) 2 (3.3) 5 (4.2) 

Total  60 (100) 60(100) 120 (100) 

Educational Level  

Illiterate  1 (1.7) 4 (6.7) 5 (4.2) 

0.01 

Basic  33(55) 16 (26.7) 49 (40.8) 

Secondary  13 (21.7) 17(28.3) 30 (25) 

University & Higher 13 (21.7) 23 (38.8) 36 (30) 

Total  60 (100) 60(100) 120 (100) 

Occupation  

Employed  15 (25) 23 (38.3) 38 (31.7) 

0.20 

Unemployed  33 (55) 24 (40) 57 (45.5) 

Labor   2 (3.3) 5 (8.3) 7 (5.8) 

Retired  10 (16.7) 8 (13.3) 18 (15) 

Total  60 (100) 60(100) 120 (100) 

Family Number 

Less than six 16 (26.7) 22 (36.7) 38 (31.7) 

0.44 
6 to 9 29 (48.3) 27 (45) 56 (46.7) 

Ó 10 15 (25) 11 (18.3) 26 (21.7) 

Total  60 (100) 60 (100) 120 (100) 

Income  

< 2$/day/capita 36 (61.7) 22 (36.7) 59 (49.2) 

0.006 Ó 2$/day/capita 23 (38.3) 38 (63.3) 61 (50.8) 

Total  60 (100) 60(100) 120 (100) 

Smoking Status 

Smoker  14 (23.3) 7 (11.7) 21 (17.5) 

0.23 Non-smoker 44(73.3) 50 (83.3) 94 (78.3) 

Ex-smoker 2 (3.3) 3 (5) 5 (4.2) 

Total  60 (100) 60(100) 120 (100) 

*Young Adults (Ò44), Middle Adults (45-64), Old Adults (Ó65) 
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Anthropometric Measurements among Study Participants 

Anthropometrics measurements included the measurement of weight, height, BMI and 

WC of participants. 

Weight: 

The average body weight of all participants is 86.28 kg. Table 2 shows that the mean of 

body weight in T2DM patients (88.95 kg) is higher than normal controls (83.62 kg) and 

this difference was found to be statistically significant (p value=0.05). 

Height: 

The average height of all participants is 164.24 cm. Table 2 shows that the mean of T2DM 

patientsô height (164.52 cm) is slightly higher than normal controls (163.97 cm), however 

the difference was statistically insignificant (p value=0.78). 

Body Mass Index: 

The average BMI of the study participants is 32.33 kg/Ht. m
2
.Table 2 shows that the BMI 

of T2DM patients is higher (33.10 kg/Ht. m
2
) than BMI of normal controls (31.56 kg/Ht. 

m
2
), however the difference was statistically insignificant (p value=0.23). 

 

BMI of all participants was divided into three categories included normal weight, 

overweight and obese. More than half of participants were obese (58.3%); obese T2DM 

patients represent  63.3% while normal controls represent 53.3% however, the difference 

doesnôt reach statistical significance (table 3). 

 

Table 2: T test Comparing the Means of Anthropometric Measures among Study 

Participants 

Variable  Research Category No. Mean SD T P value  

Weight 

(kg) 

T2DM patients 60 88.95 18.68 1.63 
0.05 

Controls 60 83.62 17.11 1.63 

Height 

(cm) 

T2DM patients 60 164.52 10.84 0.27 
0.78 

Controls 60 163.97 10.90 0.27 

BMI  

Wt.kg/ht.m
2
 

T2DM patients 60 33.10 7.00 1.20 
0.23 

Controls 60 31.56 7.02 1.20 

WC 

(cm) 

T2DM patients 60 101.15 15.33 0.12 
0.90 

Controls 60 100.80 15.76 0.12 
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Waist Circumference 

Anthropometric measurements demonstrated that the average WC of study participants is 

100.98 cm. Table 2 shows that the WC of T2DM patients is slightly higher (101.15 cm) 

than WC of normal controls (100.80 cm), however the difference was statistically 

insignificant (p value = 0.90). 

66.7 % of male participants with normal WC. The percent of male T2DM patients with 

abdominal obesity (30%) is lower than the percent of normal controls with abdominal 

obesity (36.7%), however the association was statistically insignificant (p value = 0.58). 

Regarding females, about 90% of them have abdominal obesity. The percent of female 

T2DM patients with abdominal obesity (86.7%) is higher than the percent of normal 

controls with abdominal obesity (73.3%), however the association was statistically 

insignificant (p value = 0.19) (table 3). 

 

Table 3: Obesity and Abdominal Obesity among Study Participants 

Anthropometric 

Measurements  

Diabetic Patient Non-Diabetic Total 
P value 

No (%) No (%) No (%) 

BMI 

Normal  5 (8.3) 11 (18.3) 16 (13.3) 

0.25 
Overweight  17 (28.3) 17 (28.3) 34 (28.3) 

Obesity  38 (63.3) 32 (53.3) 70 (58.3) 

Total  60 (100) 60 (100) 120 (100) 

WC (Males)
1
 

Normal  21 (70) 19 (63.3) 40 (66.7) 

0.58 Abdominal Obesity 9 (30) 11 (36.7) 20 (33.3) 

Total  30(100) 30 (100) 60 (100) 

WC (Females)
2
 

Normal  4 (13.3) 8 (26.7) 12 (20) 

0.19 Abdominal Obesity  26 (86.7) 22 (73.3) 48 (80) 

Total  30(100) 30(100) 60 (100) 

1
A man with waist measurement over 102 cm.

2
A woman with waist measurement over 88 cm. 

(WebMD, 2013). 
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Blood Hemoglobin 

Hemoglobin values results divided into three categories: Anemia, Normal and High. 

Normal level of Hb for males is 13-18 gm/dl, while for females is 11.5-16.5gm/dl. 

Males: Among T2DM patients, the percentage of anemia (20%) is lower than the 

percentage of anemia in normal controls (23.3%), however the difference was statistically 

insignificant (p value =0.58). 

Females: No significant differences are found among T2DM patients and normal controls 

(p value=1). 

 

Table 4: Blood Hemoglobin in Study Participants 

Hemoglobin  
T2DM Patient  Controls Total 

P value 
No (%) No (%) No (%) 

Males
1
 

Anemia  6 (20) 7 (23.3) 13 (21.7) 

0.58 
Normal  23 (76.7) 23 (76.7) 46 (76.7) 

High  1 (3.3) 0(0) 1(1.7) 

Total  30 (100) 30 (100) 60 (100) 

Females
2
 

Anemia 6 (20) 6 (20) 12 (20) 

1.0 Normal  24 (80) 24 (80) 48 (80) 

Total  30 (100) 30 (100) 60 (100) 

  1
Normal level for males 13-18g/dl, 

 2
Normal level for females 11.5-16.5g/dl (Walker, 2010) 

Type of Treatment 

Type of treatment is divided into three categories:  

1 Diet  

2 Oral Hypoglycemic Agents (OHA) 

3 Diet & OHA.  

The results obtained show that 23.3% of T2DM patients are on diet alone. 38.3% are on 

OHA, the same percentage is on OHA and Diet. Biguanides & Sulphonylurea 

combinations percentage (73.9%) were the highest among the types of oral hypoglycemic 

agents (table 5). 
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Table 5: Type of Treatment for the Diabetic Group 

Type of Treatment No. % 

Diet alone 14 23.3 

OHA 23 38.3 

Diet & OHA 23 38.3 

Total  60 100 

Type of OHA 

Biguanides 6 13 

Sulphonylurea 6 13 

Biguanides&Sulphonylurea 34 73.9 

Total  46 100 

Complications of Diabetes Mellitus  

Complications of DM are classified into retinopathy, neuropathy, diabetic foot and 

cardiovascular complications. No proteinuria was detected among diabetic group, three 

cases have glucosuria, and the average of serum creatinine was 0.71 (±0.13) minimum 0.5 

& maximum 1.0 mg/dl. The collected data in table 6 showed that 25% of T2DM patients 

suffer from retinopathy, 31.7% have neuropathy, 11.7 % have diabetic foot and 5% have 

cardiovascular.  
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Table 6: Prevalence of Complication of Diabetes in Diabetic Patients 

Complication  No. % 

Retinopathy  

Yes  15 25 

No 45 75 

Neuropathy  

Yes  19 31.7 

No  41 68.3 

Foot Complication  

Yes  7 11.7 

No   53 88.3 

Cardiovascular Complication 

Yes  3 5 

No  57 95 

Nephropathy   

Yes 0 0 

No 60 100 

Dietary Intake Behavior 

Table 7 showed that there are different dietary intake behavior among T2DM patients and 

normal controls including number of daily meals, main meal, having snacks between 

meals, red meat intake behavior, poultry intake behavior, fish intake, dairy products 

intake, type of bread intake. 

Number of daily Meals 

According to the results shown in table 7, more than half of the participants have < 3 

meals per day (58.3%). Regarding less than 3 meals, among T2DM patients 55% was 

lower than among normal controls (61.7%). Regarding more than 3 meals, 1.7% of T2DM 

patients have > 3 meals daily while 5% of controls have more than 3 meals. However, the 

association was statistically insignificant (P value =0.75) 
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Main Meal 

According to the results shown in table 7, lunch is the main meal in most of the 

participants (62.5%). Regarding breakfast as the main meal, 21.7% of T2DM patients have 

their breakfast while 26.7% of normal controls have their breakfast. Regarding Dinner, 

15% of T2DM patients have their breakfast while 11.7% of normal controls have. The 

differences among T2DM patients and normal controls regarding the main meal are 

statistically insignificant(P value =0.36) (table 7). 

 

Having Snacks between Meals:  

In table 7, the percent of T2DM patients having snacks between meals (66.7%) was higher 

than the percent of normal controls having snacks between meals (63.3%), however the 

association was statistically insignificant (P value=0.70). 

 

Red Meat Intake Behavior 

Table 7 showed that most of the participants eat fat trimmed meat (86.3%), Among T2DM 

patients, the percent of diabetics eat trimmed meat (76.7%) lower than the percent of 

normal controls eat trimmed meat (96.7%) and the percent of T2DM patients eat 

untrimmed meat (10%) higher than the percent of normal controls who eat untrimmed 

meat (3.3%) and these differences were found to be statistically significant (p value = 

0.003).  

 

Poultry Intake Behavior 

The data collected in Table 7 show that the majority of participants (96.7%) were 

consuming skinless poultry. The percent of T2DM patients who consume skinless poultry 

(93.3%) is lower than the percent of normal controls who consume the same (100%) and 

these differences were found to be statistically significant (p value=0.04) (table 7). 

 

Fish Intake 

The results obtained show that most of the participants consume fish (99.2%) and the 

association among T2DM patients and normal controls was found to be statistically 

insignificant (table 7). 
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Dairy Products Intake 

The results shown in table 7 reveal that there is statistical significant difference between 

T2DM patients and normal controls regarding dairy product intake (P value=0.05). 

Regarding dairy products, 5.8% of participants donôt consume dairy products. 

Whole fat dairy products: The percent of normal controls consume whole fat milk is 5%. 

No one of T2DM patients consume whole fat milk. 

Low Fat: The percent of T2DM patients consume low fat milk (68.3%) is lower than the 

percent of normal controls consume low fat milk (76.7). 

Skimmed Fat: The percent of T2DM patients consume skimmed milk (23.3%) is higher 

than the percent of normal controls consume skimmed fat (15%) (table 7).   

 

Types of Bread Intake 

The results shown in table 7 reveal that there is statistical significant difference between 

T2DM patients and normal controls regarding the type of bread intake (P value=0.02). 

Refined bread: Most of the participants consume refined bread (78.3%). The percent of 

T2DM patients consume refined bread (68.3%) is lower than the percent of normal 

controls consume refined bread (88.3%). 

Whole grain: The percent of T2DM patients consume whole grain (21.7%) is higher than 

the percent of normal controls consume whole grain bread (8.3%). 

Mixed: The percent of T2DM patients consume mixed (refined & whole grain) (10%) is 

higher than the percent of normal controls consume the same (3.3%). 
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Table 7: Dietary Intake Behavior of Study Participants 

Variables 
T2DM Patients Controls Total 

P value 
No (%) No (%) No (%) 

Daily Number of Meals 

< 3 meals 33 (55) 37 (61.7) 70 (58.3) 

0.36 
   3 meals 26 (43.3) 20 (33.3) 46 (38.3) 

> 3 meals 1 (1.7) 3 (5) 4 (3.3) 

Total  60 (100) 60 (100) 120 (100) 

Main Meal 

Breakfast  13 (21.7) 16 (26.7) 29 (24.2) 

0.75 
Lunch  38 (63.3) 37 (61.7) 75 (62.5) 

Dinner  9 (15) 7 (11.7) 16 ( 13.3) 

Total  60 (100) 60(100) 120 (100) 

Having Snacks between Meals 

Yes  40 (66.7) 38 (63.3) 78 (65) 

0.70 No  20 (33.3) 22 (36.7) 42 (35) 

Total  60 (100) 60(100) 120 (100) 

Red Meat Intake Behavior 

Trimmed  46 (76.7) 58 (96.7) 104 (86.3) 

0.003 
Un-trimmed 6 (10) 2 (3.3) 8 (6.7) 

No Red Meat Intake 8 (13.3) 0 (0) 8 (6.7) 

Total  60 (100) 60 (100) 120 (100) 

Poultry Intake Behavior  

Skinless  56 (93.3) 60 (100) 116 (96.7) 

0.04 With Skin 4 (6.7) 0 (0) 4 (3.3) 

Total  60 (100) 60(100) 120 (100) 

Fish Intake 

Yes  59 (98.3) 60 (100) 119 (99.2) 

0.31 No  1 (1.7) 0 (0) 1 (0.8) 

Total  60 (100) 60(100) 120 (100) 

Dairy Products Intake 

Whole Fat 0 (0) 3 (5) 3 (2.5) 

0.05 
Low Fat

1
 41 (68.3) 46 (76.7) 87 (72.5) 

Skimmed Fat
2
 14 (23.3) 9 (15) 23 (19.2) 

No Intake 5 (8.3) 2 ( 3.3) 7 (5.8) 

Total  60 (100) 60(100) 120 (100) 

Type of Bread Intake 

Refined  41 (68.3) 53 (88.3) 94 (78.3) 

0.02 
Whole Grain  13 (21.7) 5 (8.3) 18 (15) 

Mixed  6 (10) 2 (3.3) 8 (6.7) 

Total  60 (100) 60(100) 120 (100) 
1
Low fat contains 1% fat, 

2
Skimmed fat contains no fat. 

Seeds and Nuts Intake 

Table 8 shows different types of seeds and nuts intake among T2DM patients and normal 

controls. 
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Seeds Intake: the current study found that most of participants consumed watermelon 

seeds (52.2%). The percentage of normal controls consumed watermelon seeds (65%) was 

more than T2DM patients consumed only watermelon seeds (40%).  

The percentage of T2DM patients consumed sunflower seeds (6.7%) was slightly more 

than the percentage of normal controls consumed only sunflower seeds (5%). 

Also, the percentage of T2DM patients consumed watermelon and sunflower seeds (6.7%) 

were more than the percentage of normal controls consumed the same. 

The current results show that T2DM patients did not consume seeds (48.3%) more than 

normal controls (28.3%). The differences were found to be statistically significant (p value 

= 0.04). 

Nuts Intake: Our study shows that most T2DM patients didnôt consume nuts (55%) more 

than normal controls (28.3%). Normal controls consume almonds, cashew, hazelnuts and 

pistachio more than T2DM patients, the differences were statistically significant                       

(p value=0.05). 

 

Table 8: Study Participants Intake of Seeds and Nuts  

Variables 
Diabetics Non-Diabetics Total P 

value No (%) No (%) No (%) 

Seeds Intake 

Watermelon Seeds 24 (40) 39 (65) 63 (52.5) 

0.04 

Sunflower Seeds 4 (6.7) 3 (5) 7 (5.8) 

Watermelon & Sunflower 3 (5) 1 (1.7) 4 (3.3) 

No Seeds Intake 29 (48.3) 17 (28.3) 46 (38.3) 

Total  60 (100) 60(100) 120 (100) 

Nuts Intake 

Almonds  8 (13.3) 13 (21.7) 21 (17.5) 

0.̷ 5 

Cashew  2 ( 3.3) 7 (11.7) 9 (7.5) 

Hazelnuts  10 (16.7) 14 (23.3) 24 (20) 

Pistachio  2 ( 3.3) 2 ( 3.3) 4 ( 3.3) 

Almonds & Cashew 4 ( 6.7) 5 (8.3) 9 (7.5) 

All Nuts 1 (1.7) 2 (3.3) 3 ( 2.5) 

Donôt Intake 33 ( 55) 17 (28.3) 50 (41.7) 

Total  60 (100) 60(100) 120 (100) 
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Tea Type and Sweetening Substances 

Type of Tea 

Table 9 indicated that most participants drink black tea (71.7%) and the percent of T2DM 

patients who drink black tea is (76.7%) which is higher than normal controls drink black 

tea (66.7%).The percent of T2DM patients drink green tea (3.3%) is lower than the percent 

of normal controls drink green tea (8.3%). Only 22.5% of participants did not drink tea 

(22.5%). The differences found to be statistically insignificant (p value = 0.36). 

Sweetening Substances 

Sugar: The percent of T2DM patients use sugar (77.1%) as sweetening substance for tea is 

lower than the percent of normal controls use sugar (95.6%). 

Saccharine: The percent of T2DM patients use saccharin (12.5%) as sweetening substance 

for tea is higher than the percent of normal controls use saccharin (2.2%). 

No sweetener added: The percent of T2DM patients who did not use sweetening substance 

for tea (10.4%) is higher than the percent of normal controls who did not use sweetening 

substance (1%). All the results were found to be statistically significant (p value=0.03). 

 

Table 9: Study Participants Tea Drinking Behavior 

Variables 
T2DM Patients Controls Total 

P value 
No (%) No (%) No (%) 

Type of Tea 

Green  2 (3.3) 5 (8.3) 7 (5.8) 

0.36 
Black  46 (76.7) 40 (66.7) 86 (71.7) 

Donôt Tea Intake 12 (20) 15 (25) 27 (22.5) 

Total  60 (100) 60(100) 120 (100) 

Sweetening Substance 

Sugar  37 (77.1) 43 (95.6) 80 (86) 

0.03 
Saccharine   6 (12.5) 1 (2.2) 7 (7.5) 

No Sweetener 5 (10.4) 1 (2.2) 7 (5.2) 

Total  48 (100) 45(100) 93 (100) 
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Cooking Behavior 

Cooking methods: In the present study, there was no statistically significant difference 

between T2DM patients and normal controls regarding the cooking behavior of 

participants (p value=0.90). 

 

Type of fat used in cooking: The results shown in table 10 reveal that there is no 

significant difference between T2DM patients and normal controls regarding the type of 

fat used in cooking (P value=0.59). 

 

Plant Oil: The percent of T2DM patients use plant oil in cooking (96.7%) is more than the 

percent of normal controls use plant oil in cooking (93.3%). 

 

Ghee: The percent of T2DM patients use Gee in cooking (1.7%) is lower than the percent 

of  normal controls use Gee in cooking (5%). 

 

Plant oil and Gee use: The percent of use of mix of plant oil and gee is equal in both 

T2DM patients and normal controls (1.7%). 

 

Type of plant oil used 

There was statistically insignificant regarding the type of plant oil used (P=0.07). 

Olive Oil: The percent of T2DM patients use olive oil (3.3%) is lower than normal 

controls use olive oil (6.7%).  

Corn Oil: The percent of T2DM patients use corn oil (21.7%) is lower than normal 

controls use corn oil (40%).  

Soya Oil: Only 1.7% of T2DM patients use soya oil. 

Sunflower Oil: 76% of participants use sunflower oil, among T2DM patients the percent 

of sunflower oil using (73.3%) is higher than the percent among normal controls (53.3%). 
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Table 10: Study Participants Cooking Behavior 

Variables 
T2DM patients Controls Total 

P value 
No (%) No (%) No (%) 

Cooking Methods 

Roasted  7 (11.7) 5 (8.3) 12 (10) 

0.90 

Boiled   11(18.3) 11 (18.3) 22 (18.3) 

Fried  7 (11.7) 7 (11.7) 14 (11.7) 

All Types 35 (58.3) 37 (61.7) 72 (60) 

Total  60 (100) 60(100) 120 (100) 

Type of Fat used  in Cooking 

Plant  58 ( 96.7) 56 (93.3) 114 (95) 

0.59 
Ghee  1 (1.7) 3 (5) 4 (3.3) 

Mixed Use 1 (1.7) 1 (1.7) 2 (1.7) 

Total  60 (100) 60(100) 120 (100) 

Type of Plant Oil used 

Olive Oil 2 (3.3) 4 (6.7) 6 (5) 

0.07 

Corn Oil 13 (21.7) 24 (40) 37 (30.8) 

Soya Oil 1 (1.7) 0 (0) 1(0.8) 

Sunflower Oil 44 (73.3) 32 (53.3) 76 (63.3) 

Total  60 (100) 60(100) 120 (100) 

 

Physical Activity 

The results shown in Table 11 indicate that most of the participants (60%) have no 

physical activity. The percent of T2DM patients who do physical activity (35%) is lower 

than the percent of normal controls (45%) have physical activity, however there was no 

statistically significant (P=0.26). 

 

Type of Physical Activity 

Walking: Most of the participants have walking as the most type of physical activity 

(85.4%). The percent of T2DM patients with walking activity (90%) is more than the 

percent of normal controls with walking activity (81.5%). 
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Running: The percent of T2DM patients with running activity (4.8%) is lower than the 

percent of normal controls with running activity (11.1%). 

Other types of physical activity: about 4.8% of T2DM patients have other physical 

compared with 7.4% of normal controls. 

 

Number of Days per Week Physical Activity: 

The number of days per week physical activity is categorized into one, two, three, four and 

seven days. The findings were found to be statistically significant (P value=0.02). 

The percent of T2DM patients walking for one day per week (61.9%) is higher than the 

percent of normal controls (44.4%).The percent of normal controls walking for two days is 

18.5% while no T2DM patients practice walking for two days. Three days: The percent of 

T2DM patients walking for three day (33.3%) is higher than the percent of normal controls 

(11.1%). Four days: The percent of normal controls walking for four days is 11.1%. Seven 

days: The percent of T2DM patients walking for seven days (4.8%) is lower than the 

percent of normal controls (14.8%). 

 

Duration of physical Activity: 

The duration of physical activity categorized into 20 minutes, 30 minutes, 60 minutes and 

120 minutes. 

20 minutes: The percent of T2DM patients with duration of 20 minutes per session (4.8%) 

is lower than the percent of normal controls with the same duration (14.8%). 

30 minutes: The percent of T2DM patients with duration of 30 minutes per session (19%) 

is lower than the percent of normal controls with the same duration (33.3%). 

60 minutes: The percent of T2DM patients with duration of 60 minutes per session 

(52.4%) is higher than the percent of normal controls with the same duration (33.3%). 

120 minutes: The percent of T2DM patients with duration of 120 minutes per session 

(23.8%) is higher than the percent of normal controls with the same duration (18.5%). 
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Table 11: Study Participants Physical Activity 

Variables 
T2DM patients Controls Total 

P value 
No (%) No (%) No (%) 

Physical Activity 

Yes  21 (35) 27 (45) 48 (40) 

0.26 No  39 (65) 33 (55) 72 (60) 

Total  60 (100) 60(100) 120 (100) 

Type of Physical Activity 

Walking  19 (90) 22 (81.5) 41 (85.4) 

0.66 
Running  1(4.8) 3 (11.1) 4 (8.3) 

Other  1 (4.8) 2 (7.4) 3 (6.3) 

Total  21 (100) 27 (100) 48 (100) 

No. of Days per Week Physical Activity 

One day 13 (61.9) 12 (44.4) 25 (52.1) 

0.02 

Two days 0 (0) 5 (18.5) 5 (10.4) 

Three days 7 (33.3) 3 (11.1) 10 (20.8) 

Four days 0 (0) 3 (11.1) 3 (6.3) 

Seven days 1 (4.8) 4 (14.8) 5 (10.4) 

Total  21 (100) 27 (100) 48 (100) 

Duration of Physical Activity 

20 minutes 1 (4.8) 4 (14.8) 5 (10.4) 

0.35 

30 minutes 4 (19) 9 (33.3) 13 (27.1) 

60 minutes 11 (52.4) 9 (33.3) 20 (41.7) 

120 minutes 5 (23.8) 5 (18.5) 10 (20.8) 

Total  21 (100) 27 (100) 48 (100) 

 

Means of Zinc, Magnesium, Copper, and Iron Content in Food Intake among 

T2DM patients and Controls Groups 

The results shown in table 12 reveal that there is no significant difference between T2DM 

patients and normal controls regarding the means Zinc, Magnesium, Copper, and Iron 

content in food intakes consumed by participants. 
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Zinc Rich Food 

The mean of Zn rich food intake was slightly higher (4.02 mg/day) among normal controls 

than T2DM patients (3.86 mg/day), but this difference was statistically insignificant(P 

value=0.69). 

Copper Rich Food 

The mean of Copper rich food intake was higher among normal controls (1.51 mg/day) 

than T2DM patients (1.33 mg/dl), but this difference was statistically insignificant            

(P value =0.51). 

Magnesium Rich Food 

The mean of Mg rich food intake among normal controls (167.8 mg/dl)was higher than 

T2DM patients (149.35 mg/dl), but this difference was not statistically significant           

(P value=0.25). 

Iron Rich Food 

The mean of Iron rich food intake was slightly higher among T2DM patients (3.39 mg/dl) 

than normal controls (2.90 mg/dl), but this difference was statistically insignificant (P 

value= 0.37) 

Table 12:T test Comparing the Means of Zinc, Magnesium, Copper, and Iron 

Content of Daily Food Intake among T2DM patients and Controls Groups 

 

Variable  Research Category No. Mean SD t P value 

Zinc Rich 

Food (mg) 

T2DM patients 60 3.86 3.00 -0.30 
0.69 

Controls 60 4.02 2.31 -0.30 

Copper Rich 

Food (mg) 

T2DM patients 60 1.33 1.58 -0.64 
0.51 

Controls 60 1.51 1.41 -0.64 

Magnesium 

Rich Food (mg) 

T2DM patients 60 149.35 69.33 -1.13 
0.25 

Controls 60 167.80 105.02 -1.13 

Iron Rich 

Food (mg) 

T2DM patients 60 3.39 3.52 0.89 
0.37 

Controls 60 2.90 2.24 0.89 

 

Means of Hemoglobin and Biochemical Findings among T2DM patients and 

Controls Groups 

The biochemical measurements included Fasting Blood Sugar (FBS), Glycosylated Hb 

(HbA1c), serum Zinc, serum Copper, serum Magnesium, and serum iron. 
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Hemoglobin (Hb): The mean of Hb among diabetics (13.39gm/dl) was nearly equal to 

non-diabetics (13.27gm/dl). 

 

Fasting Blood Sugar (FBS): Biochemical measurements demonstrated that the average 

level of FBS in the study population is 127.11 mg/dl. The mean of FBS is higher in T2DM 

patients (162.32 mg/dl) than normal controls (91.98 mg/dl) and this difference was found 

to be statistically significant (p value=0.00). 

 

HBA1c: Biochemical measurements demonstrated that the average level of HbA1c in the 

study population is 6.39gm/dl. The mean of HbA1c is higher in T2DM patients 

(7.46gm/dl) than normal controls (5.32gm/dl) and this difference was found to be 

statistically significant (p value=0.00). 

 

Serum Zinc: Biochemical measurements demonstrated that the average level of serum 

zinc in the study population is 83.7ug/dl. The mean of serum zinc is lower in T2DM 

patients (82.10) than normal controls (85.30ug/dl) and this difference was found to be 

statistically significant (p value=0.03). 

 

Serum Copper: Biochemical measurements demonstrated that the average level of serum 

copper in the study population is 93.26ug/dl. The mean of serum copper is lower in T2DM 

patients than normal controls (94.20ug/dl), however difference was found to be 

statistically insignificant (p value=0.49). 

 

Serum Magnesium: Biochemical measurements demonstrated that the average level of 

serum magnesium in the study population is 2.02 mg/dl. The mean of serum magnesium is 

lower in T2DM patients (2.0 mg/dl) than normal controls (2.04 mg/dl) and this difference 

was found to be statistically significant (p value = 0.04). 

 

Serum Iron: Biochemical measurements demonstrated that the average level of serum 

iron in the study population is 88.68 mg/dl. The mean of serum iron is higher in T2DM 

patients (89.53 mg/dl) than normal controls (87.83 mg/dl), however difference was not 

found to be statistically significant (p value = 0.43) (table 13). 
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Table 13: T test Comparing the Means of Hemoglobin and Biochemical Findings 

among T2DM patients and Controls. 

 

Variable  Research Category No. Mean SD t P value  

Hemoglobin 

gm/dl 

T2DM patients 60 13.39 1.78 0.41 
0.67 

Controls 60 13.27 1.53 0.41 

FBS 

mg/dl 

T2DM patients 60 162.23 50.88 10.51 
0.00 

Controls 60 91.98 9.34 10.51 

HbA1c 

gm/dl 

T2DM patients 60 7.46 1.07 13.64 
0.00 

Controls 60 5.32 0.55 13.64 

S. Zinc 

ug/dl 

T2DM patients 60 82.10 8.58 -2.13 
0.03 

Controls 60 85.30 7.85 -2.13 

S. Copper 

ug/dl 

T2DM patients 60 92.32 12.69 -0.68 
0.49 

Controls 60 94.20 17.11 -0.68 

S. Magnesium 

mg/dl 

T2DM patients 60 2.00 0.11 -2.03 
0.04 

Controls 60 2.04 0.11 -2.03 

S. Iron 

ug/dl 

T2DM patients 60 89.53 11.74 0.77 
0.43 

Controls 60 87.83 12.14 0.77 

Relationship between T2DM patients and Controls Regarding Serum Trace 

Elements. 

Serum Magnesium: 

Table 14 reveal that the majority of the study participants have serum Mg level within 

normal range (95.8%) and only 4.2% of them have high level. The percent of T2DM 

patients who have high serum Mg level (>2.2 mg/dl) represent only 1.7% of study 

participants which was lower than normal controls (6.7%); the difference was statistically 

significant (P value=0.05). 

 

Serum Zinc:  

The results obtained in table 14 reveal that most of study participants (90%) have normal 

serum zinc level; no one of them exceeds the upper limit of normal. However, 10% of 

them have low level. The percent of T2DM patients that have low serum zinc level (< 75 

ug/dl) (13.3%) was higher than normal controls (6.7%).The difference was not statistical 

significance.  
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Serum Copper:  

Table 14 shows that the study participants (95%) have normal serum copper level; no one 

of them exceeds the upper limit of normal and only 5% have low level. Only 3.3% of 

T2DM patients have low serum copper level (< 70 ug/dl) (3.3%) while 6.7% of normal 

controls have low serum level; the difference was statistically insignificant (P 

value=0.40). 

 

Table 14: Serum Magnesium, Zinc and Copper Relationship between T2DM patients 

and Controls Groups 

Variables 
Diabetics Non-Diabetics Total 

P value 
No (%) No (%) No (%) 

S. Magnesium
1
 

Normal   59 (98.3) 56 (93.3) 115 (95.8) 

0.05 High   1 (1.7) 4 (6.7) 5 (4.2) 

Total  60 (100) 60(100) 120 (100) 

S. Zinc
2
 

Low  8 (13.3) 4 (6.7) 12 (10) 

0.22 Normal level 52 (86.7) 56 (93.3) 108 (90) 

Total  60 (100) 60(100) 120 (100) 

S. Copper
3
 

Low  2 (3.3) 4 (6.7) 6 (5) 

0.40 Normal 58 (96.7) 56 (93.3) 114 (95) 

Total  60 (100) 60(100) 120 (100) 

 

1
Normal (1.7-2.2mg/dl) and high (>2.2 mg/dl)Midline Plus, (2013) 

2
Normal (75-120ug/dl), Low (< 75ug/dl) (Kratz et al., 2005). 

3
Normal (70-140 ug/dl), Low (< 70 ug/dl)(Kratz et al., 2005). 

 

Serum iron of participants was within the normal range (56 -178 ug/dl) (Walker, 2010). 

 

Acceptable Control of Diabetes Mellitus versus Poor Control 

Diabetic control state was categorized according to FBS, HbA1c into acceptable and poor 

control. FBS (Ò140 mg/dl is acceptable >140 mg/dl is poor control) (UNRWA, 2009); 

HbA1c (HbA1c: < 7gm/dl is acceptable control, Ó7 gm/dl is poor control) (ADA, 2012). 
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According to FBS; the percent of acceptable control is (41.7%) is lower than poor control 

(58.3%).  

According to HbA1c; the acceptable control was determined when the HbA1c < 7%, the 

percent of acceptable control is (28.3%) is lower than poor control (71.7%) (table 15). 

 

Table 15: State of Diabetic Control 

Variables 
Acceptable Control Poor Control Total 

No (%) No (%) No (%) 

FBG   25 (41.7) 35 (58.3) 60 (100) 

HbA1c   17 (28.3) 43 (71.7) 60 (100) 

 

The Means of FBS and Hemoglobin A1c among Acceptable and Poor Control 

of Diabetic Group 

Table 16 shows that the mean of FBS in acceptable control (114.76 mg/dl) is lower than 

the mean of FBS in poor control (196.14 mg/dl). The mean of HbA1c in acceptable 

control (6.25gm/dl) is lower than the mean of HbA1c in poor control (7.94gm/dl). The 

association was statistically significant (P=0.00). 

 

Table 16: T test Comparing the Means of FBS and Hemoglobin A1c among 

Acceptable and Poor Control of Diabetic Group 

Variable  Research Category* No. Mean SD T P value  

FBS 

mg/dl 

Acceptable Control 25 114.76 16.24 -9.98 
0.00 

Poor Control 35 196.14 38.27 11.24 

HbA1c 

gm/dl  

Acceptable Control 17 6.25 0.66 -7.79 
0.00 

Poor Control 43 7.94 0.79 -8.38 

 

Means of Hemoglobin and Biochemical Findings among Acceptable and Poor 

Control of Diabetic Group 

Hb:  The mean of Hb in acceptable control (13.43gm/dl) is nearly equal to Hb in poor 

control (13.36gm/dl). However, the association was not statistically significant (P 

value=0.88). 
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Serum Zinc:  The mean of serum zinc was higher (82.46) in the poor control of diabetics 

patients than the mean among acceptable control (81.60). However the association was not 

statistically significant (P value=0.70). 

Serum Copper: The mean of serum copper was lower (92.03ug/dl) in the poor control of 

diabetics patients than the mean among acceptable control (92.72ug/dl). However the 

association was not statistically significant (P value=0.80). 

Serum Magnesium:  The mean of serum magnesium was lower (1.98 mg/dl) in the poor 

control of diabetic patients than the mean among acceptable control (2.03 mg/dl) and the 

association was statistically significant(P value=0.05). 

Serum Iron: The mean of serum iron was higher (90.15 mg/dl) in the poor control of 

diabetic patients than the mean among acceptable control (88.16 mg/dl). However the 

association was not statistically significant(P value=0.40) (table 17). 

 

Table 17: T test Comparing the Means of Hemoglobin and Biochemical Findings 

among Acceptable and Poor Control of Diabetic Group 

Variable  Research Category* No. Mean SD T P value  

Hemoglobin 

gm/dl 

Acceptable Control 25 13.43 1.25 0.14 
0.88 

Poor Control 35 13.36 1.10 0.15 

S. Zinc  

ug/dl 

Acceptable Control 25 81.60 6.69 -0.37 
0.70 

Poor Control 35 82.46 9.79 -0.40 

S. Copper 

ug/dl 

Acceptable Control 25 92.72 12.38 0.20 
0.80 

Poor Control 35 92.03 13.08 0.20 

S. Magnesium 

mg/dl 

Acceptable Control 25 2.03 0.11 1.54 
0.05 

Poor Control 35 1.98 0.11 1.53 

S. Iron 

mg/dl 

Acceptable Control 25 88.16 8.38 -0.76 
0.40 

Poor Control 35 90.15 13.68 -0.82 

 

Means of Dietary Intake of Zinc, Copper, Magnesium, and Iron among 

Acceptable and Poor Control of Diabetic Group 

Dietary intake of Zinc per day: The mean of daily intake of zinc among the acceptable 

control (3.96 mg/day) is higher than the mean among the poor control (3.79 mg/day), 

however the association was not statistically significant (P value=0.83). 
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Dietary intake of Copper per day: The mean of daily intake of copper among poor 

control (1.77 mg/day) is higher than the mean among acceptable control (0.73 mg/day) 

and the association was statistically significant (P value=0.01). 

Dietary intake of Magnesium per day: The mean of daily intake of Mg among poor 

control (168.71 mg/day) is higher than the mean among acceptable control (122.24 

mg/day) and the association was statistically significant (P value=0.00). 

Dietary intake of Iron per day:  The mean of daily intake of Iron among poor control 

(3.58 mg/day) is higher than the mean among acceptable control (3.11 mg/day), however 

the association was not statistically significant (P value=0.61). 

 

Table 18: T test Comparing the Means of Dietary Intake of Zinc, Copper, 

Magnesium, and Iron among Acceptable and Poor Control of Diabetic Group 

 

Variable Research Category No. Mean SD T P value  

Zinc rich food 

mg/day 

Acceptable Control 25 3.96 3.92 0.21 
0.83 

Poor Control 35 3.79 2.18 0.19 

Copper rich 

food mg/day 

Acceptable Control 25 0.73 1.01 -2.6 
0.01 

Poor Control 35 1.76 1.77 -2.8 

Magnesium rich 

food mg/day 

Acceptable Control 25 122.24 46.74 -2.69 
0.00 

Poor Control 35 168.71 76.63 -2.90 

Iron ri ch food 

mg/day 

Acceptable Control 25 3.11 3.50 -0.50 
0.61 

Poor Control 35 3.58 3.57 -0.50 

Complications of Diabetes Mellitus and Serum Copper, Zinc and Magnesium 

Copper: Table 19 revealed that the percent of T2DM patients with complications and 

normal serum copper (98.1%) are higher than with low serum copper (1.9%). The 

association was statistically significant (P value=0.04). 

Zinc:  The percent of T2DM patients with complications and normal serum zinc (86.8%) 

are higher than with low serum zinc (13.2%), however the association was not statistically 

significant (P value=0.93). 

Magnesium: The percent of T2DM patients with complications and normal serum 

magnesium (98.1%) are higher than with high serum magnesium (1%), however the 

association was not statistically significant (P value=0.71). 
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Table 19: Complications of Diabetes Mellitus and Serum Copper, Zinc and  

Magnesium 

Variables*  
Complication No Complication Total 

P value 
No (%) No (%) No (%) 

Copper  

Low  1 (1.9) 1 (14.3) 2 (3.3) 

0.04 Normal  52 (98.1) 6 (85.7) 58 (96.7) 

Total  53 (100) 7 (100) 60 (100) 

Zinc  

Low  7 (13.2) 1 (14.3) 8 (13.3) 

0.93 Normal  46 (86.8) 6 (85.7) 52 (86.7) 

Total  53 (100) 7 (100) 60 (100) 

Magnesium  

Normal  52 (98.1) 7 (100) 59 (98.3) 

0.71 High   1 (1.9) 0 (0) 1 (1.7) 

Total  53 (100) 7 (100) 60 (100) 

*Serum iron levels lie within normal range 

Correlation between the Duration of DM and Trace Elements 

Table 20 revealed that there is a positive significant correlation between serum copper, 

magnesium and iron and duration of diabetes however, the correlation was statistically 

insignificant.  

Regarding serum zinc level the correlation was negative and also it didnôt reach statistical 

significant. 

 

Table 20: Correlation between the Duration of DM and Serum Zinc, Copper, 

Magnesium and Iron 

  S. zinc S. Copper S. Magnesium S. Iron 

 

Duration 

of DM 

Sample size 60 60 60 60 

Correlation 

Coefficient ( r) 

- 0.057 0.006 0.02 0.04 

Significance 

P value 
0.33 0.48 0.43 0.36 
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Chapter 5 

Discussion 

 

Diabetes mellitus is a complex disorder affecting the metabolism of carbohydrates, fat and 

protein. It is generally agreed that disturbed body distribution of Zn, Mg, Cu and Fe are 

often found in human subjects with diabetes mellitus. This study was conducted to 

investigate the association of serum zinc, magnesium, copper and iron among type 2 

diabetic patients. The present study have been conducted on 120 participants divided into 

60 patients with T2DM (30 males and 30 females), 60 age matched non diabetic 

participants as controls (30 males and 30 females). 

Study Participants Characteristics 

Age  

The highest prevalence of DM in this study was in the age group of 45-64 years at 63.3% 

and this agrees with the prevalence in developing countries as the majority of people with 

diabetes are in the 45 to 64 year age range (Wild et al., 2004). 

 

 Marital status  

The results of this study show that DM is more common  among married participants with 

90.8%. This agrees with study conducted in Indonesia by (Primanda et al., 2011) revealed 

that the majority of the diabetic patients were married (91.4%). 

 Education level 

The results of the current study showed that more than one half of T2DM patients (55%) 

have a basic education. This result  agrees with the study conducted in Qatar by Kheir et 

al.(2011) which revealed that education status of 18% of diabetic patients was with 

primary school. Education is protective against diabetes; educated people know how to eat 

intelligently and diversified their food intake within their calorie needs. 

 

Occupation Status 

Our study showed that the percent of unemployed participants were higher among T2DM 

patients than normal controls. This result agrees with study in Jordan by Khattab et al. 

(2010) that more than half of the diabetic patients (68.5%) were unemployed. 
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 Income 

The study results showed a statistically significant association between income level  and 

the development of T2DM. T2DM patients are poorer (income less than $2 per day/capita) 

than controls. This agrees with a study conducted by (S. Dinca-Panaitescu et al.,2011) 

found that the prevalence of type 2 DM in the lowest income is 4.14 times higher than the 

highest income group (9.1% vs. 2.2%). 

 

Anthropometric Measures among Study Participants 

Our data showed that the obesity is common in the study participants of both T2DM and 

normal controls. 

 

Weight, Height and Waist Circumference 

The result of the present study showed a direct statistically significant association between 

weight and development of DM; T2DM patients were heavier than normal controls. Being 

overweight is a primary risk factor for T2DM. The more fatty tissue, the more resistant 

body cells become to insulin (Mayo Clinic, 2013). The results also revealed that the mean 

of height and WC of T2DM patients is slightly more than normal controls. 

BMI  

Regarding BMI, our study showed that the mean of BMI among T2DM patients is more 

than normal controls, More than half of participants were obese (58.3%); obese T2DM 

patients represent 63.3% while normal controls represent 53.3% however, the difference 

doesnôt reach statistical significance. This result coincides with Mayo Clinic (2013) which 

stated that increased BMI is a risk factor for type 2 diabetes. 

Obesity and Abdominal Obesity 

The processed data showed that T2DM patients were obese more than normal controls. 

Obesity is common risk factor for diabetes mellitus. The prevalence of obesity by BMI 

among diabetic patients in Al Remal health center in Gaza city reported that the proportion 

of diabetic patients with obesity was 58.3% (42.3% in males and 69.3% in females) 

(MOH, 2004). Generalized and abdominal obesity were independently associated with risk 

of diabetes (Hirani et al, 2008). 

 

Blood Hemoglobin 

The study results showed no statistically significant association of blood hemoglobin level 

among T2DM patients and normal controls in both sexes, as 63.3 % of participants were 
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between 45 ï 64 years old and most of females in menopause status so no significant 

differences between males and females regarding blood hemoglobin level. 

 

Type of Treatment, Type of Oral Hypoglycemic Agents 

The study results showed that less than a quarter of T2DM patients on diet alone and 

slightly more than third of them on OHA alone and more than third of patients on 

combination of OHA (Biguanides & Sulphonylurea). Those on insulin therapy were 

excluded from the study. MOH (2004) stated that the percent of patients visits for diet is 

1.4%, on OHA 69.7%, on combined 23.7%, and on insulin 23.7%. This discrepancy 

occurs because the current study sample was only on diet and OHA while the patients 

attending the primary health care clinics of MOH were all diabetic patients.   

 

Complications of Diabetes Mellitus 

In the current study, a high prevalence of chronic complications was found among T2DM 

patients, with a predominance of neuropathy (31.7% and retinopathy (25%) conditions. 

This agrees with description study conducted by Zhang et al. (2002), the data of the study 

came from 3,469 Type 2 diabetic in-patients from 1991 to 2000 in 10 medical centers of 

Beijing, Shanghai, Tianjin, and Chongqing. The detailed prevalence of chronic vascular 

complications is listed as follows: diabetic retinopathy 31.5%, diabetic nephropathy 

39.7%, diabetic neuropathy 51.1%, hypertension 41.8%, coronary heart disease (CHD) 

25.1%, cerebral vascular disease (CVD) 17.3%, vessel complication of lower limbs 

9.3%.Agency wide at UNRWA clinics in 2011, late complications were present in 12.4% 

of the NCD patients (UNRWA, 2012).  

 

Dietary Intake Behavior 

The present study results showed that T2DM patients who have eaten 3 meals per day are 

more than normal controls and their main meal is the lunch. Also the present study results 

showed that T2DM patients have snacks more than normal controls. Diabetic patients are 

usually advised to have more frequent small meals. 

The study results showed that normal controls eat trimmed meat more than T2DM 

patients. Red meat was a major contributor to heme-iron intake, and red meat itself is 

positively associated with the risk of type 2 diabetes (Jang et al., 2004). Red meat intake in 
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Gaza is expensive; so Gazans have little of meat intake if any; they depend on other 

sources of protein. 

Almost all of study participants eat chicken without skin. However, normal controls eat 

chicken skinless more than T2DM patients. 

 

Fish Intake 

Almost all of study participants have eaten fish; it is not surprising result because it is well 

known that Gaza Strip in which the study participants live located at the shore of 

Mediterranean Sea. Fish is rich in ̮ -3 fatty acids which is protective against a variety of 

diseases and lower bad cholesterol. 

 

Dairy Products Intake: The study showed T2DM patients consume skimmed milk more 

than normal controls. Diabetics try to reduce their fat content of diet. 

 

Types of Bread Intake: The study results showed statistical significant difference 

between T2DM patients and normal controls regarding the type of bread intake. Regarding 

refined bread, normal controls consume refined bread more than T2DM patients. 

Regarding whole grain, T2DM patients consume whole grain more than normal controls. 

As regard to mixed (refined and whole grain bread), T2DM patients consume mixed bread 

more than normal controls. The results indicated that diabetics are oriented towards the 

importance of whole grain for regulation of glucose level in blood due to its fiber content. 

 

Types of Seeds and Nuts Intake 

The results of this study revealed a direct and inverse relationship between different types 

of nuts and seeds consumption which are rich with Zn, Mg, Cu and Fe among T2DM 

patients and normal controls. 

The study showed nearly half of T2DM patients did not consume seeds or nuts and normal 

controls consume all the types of seeds and nuts more than T2DM patients, the cause may 

be the high cost of nuts and seeds. T2DM patients have low serum levels of zinc , 

magnesium and copper . 
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Type of Tea and Drinking Behavior 

The study results showed no statistical significant differences among T2DM patients and 

normal controls regarding the type of tea either green or black. The study showed also 

normal controls use sugar as sweetener substance more than T2DM patients, and T2DM 

patients use saccharine more than normal controls which reflects the awareness of diabetic 

patients of diet behavior. 

 

Cooking Behavior 

The study showed no statistical significant regarding cooking behavior. 

The study showed T2DM patients use plant oil more than normal controls and sunflower 

oil is the most type of oil used by diabetic patients. 

 

Physical Activity 

The study results showed direct relationship between physical inactivity and diabetes 

mellitus; the percent of low  physically active participants was higher in diabetics more 

than non-diabetics. This  agreed with the results of a prospectively followed up of 2017 

Finnishmen and 2352 Finnish women aged between 45 and 64years without a history of 

known or newly diagnosed diabetes at baseline conducted by Gang et al, (2004). During 

follow up over average of 9.4 years, there were120 incident cases of type 2 diabetes. 

Physical activity was found to be inversely associated with the risk of type 2 diabetes. 

Zinc, Magnesium, Copper and Iron Rich Food Intake among Study 

Participants 

The results of this study revealed  an indirect relationship between intake of different types 

of foods rich in Zinc, Magnesium, Copper and Iron among T2DM patients and normal 

controls. 

 

Zinc Rich Food: 

The mean of Zn rich food was slightly higher (4.02 mg/day) among normal controls than 

T2DM patients (3.86 mg/day), but this difference was statistically insignificant; T2DM 

patients also have low serum of zinc than normal controls, which agreed with                      

a prospective study of Zinc intake and risk of Type 2 diabetes in U.S. women which 

resulted that higher Zinc intake may be associated with a slightly lower risk of type 2 

diabetes in women (Sun et al., 2009). However, Plasma zinc levels were comparable 
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between diabetic and non-diabetic subjects in a study conducted by Zargar et al. (1998), 

The normal dietary intake of zinc per day for males aged more than 13 years is 11 mg/day 

and for females aged more than 18 years is 8mg/day Alpers et al.(2008). It is obvious that 

the average dietary intake of zinc per day of the current study participants is below normal 

and this is justified by low content of zinc in diet. 

In our study the daily intake of zinc was calculated according to Alpers et al.(2008 ), three 

ounces of beef meat contains 5.44 mg of Zn, three ounces of beef liver contains 5.3 mg of 

Zn, three ounces of turkey contain 3.35 mg of Zn.  One handful of watermelon seeds 

contains 2.9 mg of Zn, one handful of pumpkin seeds contains 2.17 mg of Zn, one cup of 

yogurt contains 2 mg of Zn, while one chicken thigh contain 1.45 mg of Zn . 

Copper Rich Food: 

The result of the present study showed that the mean of Copper rich food was higher 

among normal controls (1.51 mg/day) than T2DM patients (1.33 mg/dl), but this 

difference is small and statistically insignificant. This result contradicted with a case 

control study which discovered that copper levels were significantly elevated (p < 0.01) in 

diabetic patients (Zargar et al., 1998).The normal dietary intake of copper per day for 

adults aged more than 18 years is 0.9 mg/day (Alpers et al., 2008). The daily intake of 

copper by present study participants exceeds the normal daily intake.  

In the present study the daily intake of copper was calculated according to Alpers et 

al.(2008 ), three ounces of beef liver contain 21 mg of Cu, one handful of cashew contain 

0.63 mg of Cu, one handful of sunflower seeds contains 0.52 mg of Cu, one cup of lentil 

contains0.5 mg of Cu, one pomegranate contains 0.45 mg of Cu, one cup of date contains 

0.3 mg of Cu, one teaspoon of sesame seeds (Tahina) contains 0.24 mg of Cu. 

Magnesium Rich Food: 

The result of the present study showed the mean of Mg rich food was higher among 

normal controls (167.8 mg/dl) than T2DM patients (149.35 mg/dl), but this difference was 

not statistically significant. This coincides with a meta-analysis study which provides 

further evidence supporting that magnesium intake is significantly inversely associated 

with risk of type 2 diabetes in a dose-response manner (Jia-Yi Dong et al., 2011). 

In our study the daily intake of Mg was calculated according to Alpers et al.(2008 ), half 

cup of cereals contain 160 mg of Mg, one handful of pumpkin seeds contain 156 mg of 

Mg, one handful of watermelon seeds contains 146 mg of Mg, one cup of whole milk 109 

mg of Mg, half cup of spinach 80 mg of Mg, one handful of almond contains 80 mg of 

Mg, one cup of date contains 63 mg of Mg, ½ cup of black beans contains 60 mg of Mg, 
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one medium avocado contains 58 mg of Mg, half cup of okra contains 57 mg of Mg, one 

medium of potato contains 48 mg of Mg and half cup of lima beans contain 41 mg of Mg. 

 

Iron Rich Food:  

Dietary iron intake is an important determinant of body iron stores, especially in men and 

postmenopausal women who have no physiologic mechanism to eliminate excess iron. 

Heme iron, which is present in red meat, fish, and poultry, is highly bioavailable and 

contributes about one-half of the total bioavailable iron in the typical US diet (Jang et al., 

2004). 

The result of the present study showed the mean of Iron rich food was slightly higher 

among T2DM patients (3.39 mg/dl) than normal controls (2.90 mg/dl), but this difference 

was statistically insignificant. T2DM patients have higher average serum iron that normal 

controls. A prospective cohort study (Jang et al., 2004) found that neither total iron intake 

nor blood donations were associated with risk of type 2 diabetes. In the present study the 

daily intake of Iron was calculated according to Alpers et al.(2008), three ounces chicken 

liver contain 10.9 mg, three ounces of beef liver contain 6.54 mg, half cup of cooked 

spinach contains 3.21 mg, 3 ounces of beef or lamb or veal meat contain 2.5 mg, half cup 

of lima beans contain 2.25 mg, one handful of pumpkin seeds contain 2.29 and one 

handful cashew contains 1.7 mg of iron. 

Means of Hemoglobin and Biochemical Findings among Study Participants 

The biochemical measurements included Fasting Blood Sugar (FBS), Glycosylated Hb 

(HbA1c), serum Zinc, serum Copper, serum Magnesium, serum iron and creatinine. 

Hemoglobin: The current study results showed no statistically significant difference of 

average of blood hemoglobin level among T2DM patients and normal controls. However, 

Kwon & Ahn. (2012) stated that anemia is relatively common in patients with diabetes 

mellitus, and low hemoglobin concentration contributes to many clinical aspects of 

diabetes mellitus or its progression. The effect of diabetes on blood hemoglobin in the 

current study is not apparent because all participants are of normal renal function; 

nephropathy is associated with anemia due to lack of production of erythropoietin. 
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Fasting Blood Sugar: The result of this study found that FBS level is higher in T2DM 

patients than normal controls with statistical significance, which is a logical finding. The 

average of FBS of the study participants is within the acceptable control. 

 

HbA1c: The result found the mean of HbA1c is higher in T2DM patients than normal 

controls and this difference was found to be statistically significant and logical findings 

because the control group is healthy ones. 

 

Minerals in addition to being a structural component of body tissues are also involved 

in various physiological processes, such as proper metabolism and energy production. 

They also play a clear role in the synthesis, storage and secretion of insulin as well as its 

conformational integrity. DM is a complex metabolic disorder affecting metabolism of 

carbohydrates, lipids and proteins (Yahya et al., 2011). 

Serum Zinc: The lower mean serum zinc level of diabetic patients in comparison to 

healthy controls noticed in this study is in agreement with many studies as the study 

carried out in Iraq by (Al-Maroof & Al -Sharbatti, 2006) that concluded that diabetic 

patients have significantly lower mean serum zinc levels compared with healthy controls. 

In addition, it agrees with the study conducted by (Tripathi & Srivastava, 2006) who 

showed that diabetic subjects had significantly lower serum concentrations of Zn, Cr and 

Mg as compared to the controls and exhibited significant increase in serum glucose levels. 

Rosner, et al., Sulivan, et al., and Pidduck, et al., concluded that plasma zinc levels 

decrease in diabetics while Davies, et al., Constam, et al.," and Buczkowskie believe the 

contrary (Emami et al., 1990). 

This finding may partly explain the lower mean serum zinc level found in the studied 

diabetics, since it has been reported by many studies that circulatory zinc level (either 

plasma or serum) is a sensitive indicator of alteration in dietary zinc intake (Al -Maroof & 

Al -Sharbatti, 2006). Lower level of serum zinc could be due to two factors: high phytate 

content of our staple food (bread), decreasing effect of phytate on zinc absorption, amount 

of zinc in daily diet (about 9mg/day/capita.) (Emamiet al., 1990). 

Serum Copper: The current study showed that the average level of serum copper is 

higher in normal controls than T2DM patients and this can be due to using a calometric 

absorbance method which is less sensitive than atomic absorption method which is 

considered as the reference method of trace elements detection. Copper is the third most 

abundant essential trace element in the body. Copper is present in the body combined with 
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enzymes to form metalloenzymes such as caeruloplasmin and superoxide dismutase 

(SOD). These enzymes play major roles in redox reactions, and antioxidant defense. It has 

been postulated that copper possesses insulinïlike activity and promotes lipogenesis. 

Human studies demonstrated that diabetic patients may have abnormal levels of serum 

copper (Olaniyan et al., 2012). Clinical studies of type 2 diabetes have shown alterations 

in copper metabolism in this disease (Ito et al., 2001). The present study results showed a 

decrease in serum copper level in diabetic individuals which is consistent with the findings 

of (Hasan, 2013). It is not yet known, whether that abnormalities in copper metabolism 

noted in these subjects are a consequence of the disease or they play a role in the 

progression of the disease. 

 

Serum Magnesium: Magnesium is a cofactor for several enzymes involved in 

carbohydrate metabolism. There is a strong relationship between magnesium and insulin 

action. Magnesium is important for the effectiveness of insulin. A reduction of magnesium 

in the cells strengthens insulin resistance (Mishra, 2012).The principal findings of the 

present study was a significant low serum Mg among diabetics than non-diabetics which is 

similar to the findings of Supriya et al. (2013) that showed decreased level of magnesium 

in cases as compared to controls. Hypomagnesemia is frequently present in diabetic 

patients, however there is not an exact elucidation of the mechanism of magnesium 

deýciency in diabetes mellitus. (Sales & Pedrosa, 2006).  

 

Serum Iron: Iron is the most abundant transitional metal in the body. Our study showed 

that diabetic patients have mean level of iron more than non diabetics. The crucial role of 

iron in the pathophysiology of disease is derived from the easiness with which iron 

is reversibly oxidized and reduced. This property, while essential for its metabolic 

functions, makes iron potentially hazardous because of its ability to participate in the 

generation of powerful oxidant species such as hydroxyl radical (Mohammed, 2013). 

This coincides that iron plays a direct and causal role in diabetes pathogenesis mediated 

both by ɓ cell failure and insulin resistance (Simcox & McClain, 2013). 

Hereditary hemochromatosis is an inherited disorder of iron metabolism that leads to 

progressive, parenchymal, cellular iron overload in many tissues of the body in particular 

in the liver, pancreas. The classic triad of cirrhosis, diabetes mellitus, and skin 

pigmentation (Tavill, 2013). 
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Acceptable Control of Diabetes Mellitus versus Poor Control 

According to HbA1c, the current study results showed that 71.1 % of diabetic patients are 

poorly controlled. And according to FBS, 58.3% of diabetic patients were poorly 

controlled. This agreed with the result of a descriptive study conducted in Pakistan by 

Shaikh et al. (2008), as five hundred diagnosed patients of type 2 diabetes mellitus were 

included in this study. Control of blood sugar was evaluated by fasting blood sugar, two 

hours postprandial blood sugar, urine detailed report and HBA1c. The study showed that 

the majority of patients had unacceptable control of diabetes mellitus. Three hundred and 

sixty-six (73.2%) patients had poor control of blood glucose, while only 134 (26.8%) 

patients had acceptable control of blood glucose. 

Glycosylated hemoglobin (HbA1c) is the best index of the control of diabetes, since it 

provides information about the degree of glycemic control in the last two to three months 

and should remain below 7% (Simó& Hernández, 2002). 

The study results showed that the mean of FBS and HbA1c in poor controls of diabetics 

are more than in acceptable controls. It agrees with a retrospective study conducted in 

Riyadh by Azab. (2001) was carried out to assess control of blood glucose among diabetic 

patients attending Primary Health Care Centers in Riyadh. In Azab study FBG reading for 

all diabetic patients attending three randomly selected Primary Health Care Centers in 

Riyadh was taken during the months of March and April 2000.A total of 991 diabetic 

patients were involved in the study (83% men and 62% women). Those with excellent 

glycemic control represent 21% of patients in the first reading and 25% of the patients in 

the second readings, while those with poor control represent 49% and44% of the patients 

in the two readings. The remaining are in the acceptable category and concluded that 

diabetes mellitus is poorly controlled in a large proportion of diabetic patients attending 

Primary Health Care Centers in Riyadh. 

Means of Hemoglobin and Biochemical Findings among Acceptable and Poor 

Control of Diabetic Group 

Hemoglobin: The normal range of blood hemoglobin for males is 13-18 gm/dl and for 

females is 11.5 ï 16.5 gm/dl (Walker, 2010).The current study finds that the mean of Hb 

in acceptable control (13.43 mg/dl) is nearly equal to Hb in poor control (13.36 mg/dl). 

Blood hemoglobin level depends on many factors such as iron rich diet intake, iron 

bioavailability, chronic blood loss, etc.  
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In diabetic patients, the blood hemoglobin is reduced in complicated cases such as end 

stage renal disease when erythropoietin is deficient and edema of gastrointestinal mucosa 

hinders absorption of iron. According to the serum creatinine level, all participants of the 

current study have serum creatinine within normal range (0.68-1 mg/dl). 

 

Serum Zinc: The normal range of serum zinc is 72-144 ug/dl (Walker, 2010). Zinc is 

useful in the synthesis, storage, and secretion of insulin. Zinc may improve glycaemia, and 

a restored zinc status in patients with type 2 diabetes may counteract the deleterious 

effects of oxidative stress, helping to prevent complications associated with diabetes. 

However, no association was found between zinc and glycaemic control in this study. This 

agreed with the result of study conducted by Akhuemokhan et al.(2010) that showed 

serum concentration of zinc which had no significant correlation with either FBG or 

HbA1c. 

 

Serum Copper: The normal range of serum copper is 83-153 ug/dl (Walker, 2010). 

Copper is the third most abundant essential trace element in the body. Copper is present in 

the body combined with enzymes to form metalloenzymes such as caeruloplasmin and 

superoxide dismutase (SOD). These enzymes play major roles in redox reactions, and 

antioxidant defense. It has been postulated that copper possesses insulinïlike activity and 

promotes lipogenesis. Human studies demonstrate that diabetic patients may have 

abnormal levels of serum copper. The present study showed no statistically significant 

differences regarding serum copper levels between acceptable and poor control of diabetic 

group. It agreed with the result of study conducted by Olaniyan et al. (2012) that there was 

no association of glycaemic status with the serum concentration of Copper in the type-2 

diabetic patients studied. 

 

Serum Magnesium: The normal range of serum magnesium is 1.82-2.43 mg/dl (Walker, 

2010).  The current study shows that the mean of serum magnesium was lower in the poor 

control of diabetic patients than the mean among acceptable control and the association 

was statistically significant.  Magnesium depletion has shown to have a negative impact 

on glucose homeostasis and insulin sensitivity in patients with type 2 diabetes. It is 

demonstrated a decrease in insulin sensitivity (by modified intravenous glucose tolerance 

test) in normal subjects after induction of Mg deficiency by a low-Mg. Low Mg status 
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contributes to the development of insulin resistance, which in turn attenuates Mg uptake in 

insulin-sensitive tissues (Walt, 2003). 

 

Serum Iron: The normal range of serum iron is 56-178 ug/dl (Walker, 2010).  The current 

study shows that the mean of serum iron was higher in the poor control of diabetic patients 

than the mean among acceptable control. However the association was not statistically 

significant. The current study results coincides with a study conducted in India to 

determine the free serum iron concentration in patients with poor and good diabetic 

control concluded that serum free iron concentration was higher in patients with type 2 

diabetes mellitus with poor control. Also there was a positive correlation with serum free 

iron concentration and glycemic control. These suggest important role of iron in metabolic 

derangement in diabetic patients and its complications (Gohel et al. 2013). 

Means of Dietary Intake of Zinc, Copper, Magnesium, and Iron among 

Acceptable and Poor Control of Diabetic Group 

Dietary reference intake of zinc per day: The normal dietary intake of zinc per day for 

males aged more than 13 years is 11 mg/day and for females aged more than 18 years is 

8mg/day (Alpers et al. 2008).  The current study showed that the mean of daily intake of 

zinc among acceptable control of diabetic participants is 3.96 mg/day which is higher than 

the mean among poor control (3.79 mg/day), however the association was not statistically 

significant. The dietary intake of zinc is much lower than the normal dietary intake. The 

zinc content of most foods is low (Alpers et al. 2008). Zinc is protective against diabetes 

mellitus. A study conducted to investigate the intake of zinc in relation to risk of type 2 

diabetes in U.S. women found that higher zinc intake may be associated with a slightly 

lower risk of type 2 diabetes in women (Sun et al., 2009). 

 

Dietary intake of copper per day: The normal dietary intake of copper per day for adults 

aged more than 18 years is 900 ug/day (Alpers et al., 2008).  The current study results 

showed that the mean of daily intake of copper among poor control of T2DM (1.77 

mg/day) is higher than the acceptable control T2DM patients (0.73 mg/day) and the 

association was statistically significant (P value=0.01). This result is supported by a case 

control study which discovered that copper levels were significantly elevated (p < 0.01) in 

diabetic patients (Zargar et al., 1998). 
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Dietary intake of Magnesium per day: The normal dietary intake of magnesium per day 

for males aged more than 30 years is 420 mg/day and for females aged more than 30 years 

is 320 mg/day (Alpers et al. 2008).  The mean of daily intake of Mg among poorly 

controlled T2DM (168.71) is higher than the mean of the acceptable control (122.24) and 

the association was statistically significant (P value=0.00). This contradicts with Jia-Yi 

Dong et al. (2011) study which provides further evidence supporting that magnesium 

intake is significantly inversely associated with risk of type 2 diabetes in a dose-response 

manner, the study result showed poor controlled T2DM patients have lower serum Mg 

than acceptable controls.   

 

Dietary intake of iron per day: The normal dietary intake of iron per day for males aged 

more than 18 years is 8 mg/day mg/day and for females aged 19-50 years is 18 mg/day 

and females older than 50 years need 8 mg/day (Alpers et al., 2008). The mean of daily 

intake of iron among poor control (3.58 mg/day) was higher than the mean among 

acceptable control (3.11 mg/day), however the association was not statistically significant 

(P value=0.61). 
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Chapter 6 

Conclusion and Recommendations 

 

Conclusion 

This current study is a case-control one which was conducted in UNRWA primary health 

care centers in Gaza City (Sabra & Beach primary health centers) in order to investigate 

the association of serum levels and dietary intake of copper, iron, magnesium and zinc on 

type 2 diabetic patients. This study concluded that: 

× Diabetic patients sound to be less educated than non-diabetics. 

× Diabetic patients seem to be poorer than non-diabetics. 

× Diabetic patients are two-fold smokers than non-diabetics. 

× Diabetic patients are less physically active than the non-diabetics. 

× Diabetic patients are heavier and more obese than non-diabetics. 

× In short term diabetic control, more than half of diabetic patients are poorly 

controlled. 

× In long term diabetic control, more than two thirds of diabetic patients are poorly 

controlled. 

× Diabetic patients are less frequently removing fat from meat than non-diabetics. 

× Diabetic patients are less frequently eating skinless chicken than non-diabetics. 

× Diabetic patients donôt drink whole fat milk at all while non-diabetics rarely do. 

× Diabetic patients drink skimmed milk more frequently than non-diabetics. 

× Diabetic patients are more frequently eating whole grain bread than non-diabetics. 

And also they are less frequently eating refined bread than non-diabetics. 

× Diabetic patients consume almonds, cashew, hazelnuts and pistachio less frequently 

than non-diabetics. 

× Diabetic patients with poor glycemic control consume magnesium rich food more 

than the acceptable diabetic control. 

× Diabetic patients with poor glycemic control consume copper rich food more than 

the acceptable diabetic control. 

× The average of serum zinc level is lower in diabetic patients than non-diabetics. 

× The average of serum magnesium level is lower in diabetic patients than non-

diabetics. 
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Recommendations 

Type 2 diabetes can be prevented in non-diabetic individuals by lifestyle changesthat 

reduce calorie intake and increase physical activity. On the other hand control of dietary 

intake is one of the key elements of any diabetic treatment regimen aimed at normalizing 

blood glucose. Dietary zinc, magnesium, copper, and iron have a significant role in 

glucose homeostasis. So, the following recommendations are suggested: 

 

Recommendations at the National Level  

ü I t is necessary to obtain more accurate information regarding the micronutrients  

intake and the control of diabetes mellitus.  

ü Suggestions to conduct more advanced research to determine the role of 

micronutrients in patients with diabetes mellitus. 

ü Concentrate resources on improving the dietary guidelines in management of 

diabetes mellitus. 

ü Establishment of nutrition clinics in different hospitals in the Gaza Strip. 

 

Recommendations at Community Level 

It is highly recommended that educational programs through different media to increase 

the awareness of the community especially diabetic patients to: 

ü Provide scientific information on the healthy diet and importance of physical 

activity. 

ü Increase the Palestinian awareness to the importance of periodic examination 

especially for those with family history of diabetes.. 

ü Increase the diabetic patientsô awareness to health hazards of not controlling 

diabetes. 

 

Recommendations for Diabetic Patientsô Nutrition  

ü Encourage a well-balanced diet consisting of nutrient rich foods with more 

calories, protein, vitamins, and minerals. 

ü Encourage diabetic patients to keep their blood glucose on acceptable level. 

ü Encourage intake of zinc and magnesium rich diet. 

ü Encourage intake of seafood. 
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