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ABSTRACT 

Diabetes is a cluster of metabolic disorders with diverse etiologies, and mainly 

characterized by chronic hyperglycemia and impairment of carbohydrate, fat, and 

protein metabolism as a result of insufficient insulin production by the pancreas or lack 

of body response to insulin or both simultaneously. Among several reasons, 

hypozincemia accompanied by hyperzincuria in diabetes is an established fact. 

Molecular and cellular studies affirm that the mineral zinc plays a significant part in 

insulin biosynthesis and works under normal physiological conditions. Therefore, this 

study was designed to determine the effects of zinc in combination with the oral 

hypoglycemic in diabetic patients of different ethnic groups, with varying age group 

and diabetes duration. 
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This study was conducted between April 2015 ̶ July 2015. Initially 211 Type II diabetic 

patients were screened in the Jinnah Postgraduate Medical Center. 150 diabetic patients 

were included in this study. These patients were further grouped as intervention and 

control. Patients in the intervention group were supplemented with zinc sulfate 20 

mg/day plus oral hypoglycemic, while the control group was supplemented with 

placebo plus oral hypoglycemic for three months. At first visit and at the end of 

3rdmonth blood samples from all patients were taken for analysis of serum zinc, serum 

insulin, HbA1c%, fasting blood glucose (FBG), serum creatinine (SC), and total 

cholesterol (TC). 

Overall 32.67, 31.68, 35.64% Patthan, Punjabi, and Urdu speaking, (of which 48.5% 

male and 51.5% female) respectively, completed this study. The parameters studied 

were serum zinc, serum insulin, HbA1c%, fasting blood glucose, serum creatinine, total 

cholesterol, body mass index, systolic/diastolic blood pressure, and HOMA parameters. 

Serum zinc improved in a pattern of 38.2, 37.4 and 34.6 mg/dL in Patthan, Punjabi, and 

Urdu speaking groups, (p<0.001), respectively. In the zinc supplemented group, mean 

serum insulin level for males was increased from 7.7 to 8.8 µIU/mL (p<0.01), while in 

females it was increased from 7.6 to 8.6 µIU/mL (p<0.01) respectively. Control group 

depicts no such change in serum insulin level. Among ethnic groups (Patthan, Punjabi, 

and Urdu speaking) mean serum insulin was 10.8, 7.9 and 7.4µIU/mL (p<0.01) at the 

end of the study. Different duration of diabetes (0-2, 3-5, 6-10, and ˃10 years) revealed 

an overall increase in mean serum insulin level in zinc supplemented groups as 7.7, 9.1, 

9.8, and 8.3µIU/mL (p<0.01). Similarly, mean serum insulin in control groups in 

different ethnicities was improved 0.2 µIU/mL in Patthan, 0.1 µIU/mL, Punjabi while 

Urdu speaking did not show any change. After zinc supplementation, HbA1c % was 

reduced from 8.8 ±1.7 to 8.1 ± 1.7 in the zinc supplemented group as compared to 
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control group. Fasting blood glucose after three month zinc supplementation was 

significantly (p<0.001) reduced in Patthan followed by Urdu speaking and Punjabi 

group likewise. In Patthan, Urdu speaking and Punjabi females fasting blood glucose 

was attenuated significantly (p<0.001) up to 27.33, and 23.30 mg/dL (p<0.001), 

(p<0.001) to 17.22 ± 7.95 mg/dL simultaneously. The mean reduced systolic/diastolic 

blood pressure was 8.3/7.4, 10.4/6.3 mmHg in male and female (p<0.01). Ethnic groups 

reduced systolic/diastolic blood pressure was 9.2/6.3, 10/7.6, 9/6.5 mmHg in Patthan, 

Punjabi, and Urdu speaking (p<0.01), (p<0.01).Total cholesterol was reduced from 5.9 

to5.2 mmol/L (p<0.01) in both male and female. Similarly, ethnic groups attenuation 

in TC was by an average 0.8 mmol/L (p<0.01) in Patthan, and Urdu speaking groups, 

while 0.7 mmol/L (p<0.01) in the Punjabi ethnic group. No significant change was 

observed in serum creatinine level in all ethnic groups. Reduction in homeostasis model 

assessment of insulin resistance (HOMA-IR), was greater among Patthan followed by 

Urdu speaking and then Punjabi with the significance of (p<0.0010), (p<0.0001) and 

(p<0.0129), respectively. HOMA-β was improved 3.31 (p<0.0049) in Patthan, 3.1 

(p<0.0142) in Urdu speaking, and 3.78 (p<0.0231) in Punjabi, ethnic group. 

This study indicates, that significant improvement in serum zinc, serum insulin, fasting 

blood glucose, HbA1c%, and total cholesterol levels in zinc supplemented diabetic 

patients were achieved. However, further investigations are required for exploring a 

precise relationship between zinc supplementation and glycemic control. 
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 Chapter 1 

INTRODUCTION 

1.1. Dietary supplements 

Dietary supplements are planned to obtained nutrients to increase their consumption, 

and to give biologically beneficial effects on human health. More than 50000 dietary 

supplements are available (Park, 2013). Zinc is a vital trace element required to 

maintain the normal physiological function of life (Saradesai, 1998). Human body has 

2–3 g of zinc; muscle and bone contain almost 90% of zinc (Wastney et al., 1986). 

Prostate, liver, lung, gastrointestinal tract, kidney, skin, brain, heart, and pancreas also 

contain zinc (Bentley and Grubb, 1991; Liu-Sheng et al., 1991; Llobet et al., 1988). 

30–40% of zinc is found in the nucleus, cytosol contains 50% and the remainder is 

present in membranes (Vallee and Falchuk, 1993). Cellular zinc causes an efficient 

homeostatic control that prevents excessive zinc accumulation. There is a 

physical/chemical relationship between zinc and insulin (Chausmer, 1998). Protamine 

zinc insulin and lent crystalline was made by the addition of zinc to extend duration of 

insulin by delaying its absorption from the site of injection. (Kinlaw et al., 1983; 

Niewohner et al., 1986).       

Zinc is closely related to the endocrine system and it is necessary for normal growth, 

glucose metabolism, reproductive and immune function. Zinc is involved in vital 

physiological functions of >200 enzymes. Zinc is contained in enzymes which are 

involved in metabolism of micronutrients and cell replication. Carbonic anhydrase and 

lactate dehydrogenises are responsible for metabolism throughout the exercise. 

Superoxide dismutase also has zinc, responsible for protection against free radicals 
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(Vallee and Falchuk., 1993). It regulates protein metabolism and cellular membrane 

integrity (McClain et al., 1984). General cellular functions include, signal transduction, 

transcription, cell replication, DNA metabolism, DNA repairing and work as cofactor 

for ˃300 enzymes (Coleman, 1992).  

Antioxidant enzymes, superoxide dismutase and glutathione peroxides structurally 

have zinc metal (Kelly, 1998). Zinc induces a cascade of PI3K/Akt which is a principal 

mediator of insulin signaling (Jansen et al., 2009). 

Zinc also has a significant part in all kinds of immune cells. Zinc is a micronutrient that 

evokes immune system with the actual adjusted requirement, because higher dosage 

leads to immune suppressive character (Ibs and Rink, 2003). Moreover, zinc is 

necessary for neurogenesis, synaptogenesis, neuronal growth, and neurotransmission, 

while some studies indicate zinc as a neuromodulator (Dvergsten et al., 1983; 

Dvergsten et al., 1984). Zinc has close interrelationships with the endocrine 

systems, essential for normal growth, tends to improve vision, taste, enhance cognitive 

behavior and improve reproduction (Fraker and King, 2004; Wellinghausen et al., 

1997; Vallee and Falchuk, 1993; Berg and Shi, 1996; Apgar, 1970; Hurley and Shrader, 

1975; Grahn et al., 2001; CiOLClB, 1995). 

1.2. Recommended daily allowance of zinc 

The daily requirement of zinc, according to Food and Nutrition Board, Academy of 

Science, National Research Council, for males 25 to 50 years and above 50 years, is 

15mg/day and 12 mg/day respectively while in females it is 12 and 15 mg/day. In 

pregnant and lactating mothers it is 19 and 16 mg/day, respectively (Chambers, 2001; 

Goodman and Gilmans, 10th). According to National Academy press 2001, 8 mg/day 

for female and 11 mg/day for male was recommended, while in lactating and pregnant 

mothers 11 and 12 mg/day, respectively. The upper limit is 40 mg/day in both genders 
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(Food and Board, 2001). The upper tolerable intake level of zinc in adults, pregnant and 

lactating mothers was reported as 25 mg/day (Sanco, 2002). Zincemia is a dominant 

condition in diabetes mellitus. Several studies revealed that normal limit for serum zinc 

is 70-120 µg/dL (10.7-18.4 mmol/L), and the level < 70 µg/dL (<10.7 mmol/L) is 

considered as deficient zinc level (Milne, 1999). 

1.3. Mechanism of zinc absorption 

Zinc absorption is initiated in the small intestine via two types of zinc transporter 

families, ZnT and ZIP. ZnT reduced availability of zinc inside cell by transporting it 

into an intracellular vesicle or by its efflux from cells, whereas ZIP family increases 

intracellular zinc, thus promoting zinc concentration inside cells, or vesicle contains 

zinc release into the cytoplasm. Prior to absorption, zinc is released from dietary sources 

converted into free ionic state. These free ions then bind to endogenously secrete 

ligands before their transport into the small intestinal cells. ZnT and ZIP transporters 

then facilitate the absorption process in crossing cell membranes. However, absorption 

of zinc mainly depends on its concentration in serum, tissues and dietary sources. Zinc 

absorption pattern in solid food and aqueous food shows that zinc will be more absorbed 

in aqueous medium than solid food state (Roohani et al., 2013). 

1.4. Factors affecting zinc absorption  

It is an established fact that phytic acid is a leading inhibitor of zinc absorption (Harland 

and Oberleas, 1987). High wheat intake can also reduce zinc absorption as wheat 

contains phytic acid. Phytic acid forms a complex, or binds with minerals like zinc in 

gastrointestinal tract (GI) and excretes them without absorption (Wise, 1995). The 

similar effect of phytic acid was also reported by Likuski and Forbes, (1964). They also 

reported that zinc availability from plant source is lower than meat, as plants, wheat 

and other cereals contain phytic acid. In order to minimize zinc loss from wheat and 
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rice, they are treated with phytase. Phytate, oxalate, fibers, polyphenols, and some other 

anions are considered as major inhibitors of zinc absorption. In addition, a method of 

processing like heating increases zinc phytic acid complexes (non-hydrolyzed) and 

causes difficulty in absorption (Gibson et al., 1998). 

1.5. Zinc deficiency   

Zinc deficiency has been related with chronic diseases (Prasad, 2003). Zinc deficiency 

is the 5th leading risk factor of childhood sickness. In 2001 National Nutrition Survey 

recognized; that every3rd woman and child are zinc deficient on the basis of plasma zinc 

estimation among developing countries. The established reference range for serum zinc 

is 70-120 µg/dL, and level below this range is considered as zinc deficiency (Milne, 

1999). 

In Pakistan a significant proportion of its population is facing a zinc deficiency. To 

diminish zinc deficiency in low resource countries, fortification of food may be the only 

solution at a population level, particularly in women and children (Soofi et al., 2013). 

1.6. Signs and symptoms of zinc deficiency 

The public health importance of zinc deficiency was studied by several researchers. 

Signs and symptoms of dietary zinc deficiency include loss of appetite, growth 

retardation, sexual immaturity, skin changes, diarrhea, hair loss and immunologic 

abnormalities (Bhutta et al., 2000). Zinc deficiency results from low bio-availability of 

zinc, low dietary intake, interaction with other nutrients and loss of mineral through 

disease. The elderly were at higher risk of zinc deficiency because of poor appetite, 

difficulties in chewing, interactions with medications and varying requirement of 

nutrients related to aging and metabolism changes (Briefel et al., 2000). 

1.7. Dietary intake to avoid zinc deficiency 
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To improve bio-availability of zinc from plant and meat sources, mainly plant-based 

dietary plans are applied in the world. A good food habit includes micronutrient 

particularly zinc, dietary designs, food beliefs, favorites, food taboos according to 

ethnicity; and knowledge of availability and cost of foods (Gibson et al., 1998). As 

previously discussed that phytic acid is a principal inhibitor of zinc absorption, so 

different approaches are used for phytic acid reduction to improve zinc bio-availability 

i.e. high temperatures, thermal processing may hydrolyze phytic acid (Boland et al., 

1975). Soaking is used to reduce phytic acid from maize and other legumes. Microbial 

fermentation can also increase zinc bio-availability by hydrolysis (Chavan et al., 1989). 

Phytase processing of phytic acid was also discussed by Liang et al., (2009) as an 

effective and rapid procedure for eliminating phytic acid to prevent zinc loss. 

1.8. Zinc and diabetes  

There is an undefined association between zinc, insulin, and diabetes. Both types of 

diabetes alter zinc status by increasing hyperzincuria. Zinc deficiency may lead to 

destruction of islet cells in insulin dependent diabetes mellitus. Most complications of 

diabetes are related to intracellular oxidants and free radicals. Function of zinc in the 

management of diabetes and treatment is unclear (Chausmer, 1998). Nutritional 

supplements are important for the management of different diseases. Essential elements 

such as zinc, chromium, magnesium, selenium, vitamin C, and vitamin E are used for 

treatment of diabetes mellitus. These essential trace elements have beneficial effects on 

insulin resistance and cardiovascular activity. Chromium has a beneficial effect on 

fasting blood glucose. Isoflavones in combination with soy proteins have beneficial 

activity in insulin resistance and cardiovascular activities. Oxidative stress is reduced 

by vitamin E (Bartlett and Eperjesi, 2008). 
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Diabetic patients had decreased serum zinc level due to the reason that most of diabetic 

patients suffer from hyperzincuria. Hyperzincuria is a condition in which most of the 

zinc is excreted out in urine. Proteinuria and zinc loss are concurrent. The urinary zinc 

loss was greater in the presence of proteinuria. Zinc malabsorption occurs in diabetic 

patients (Kinlaw et al., 1983). Diabetes and trace elements have some link (Ferdousi et 

al., 2013). Minerals have a significant role in the human body; zinc plays a role in 

synthesis and action of insulin (Yahya et al., 2011). Dietary supplements are good 

sources of zinc. The higher zinc intake was found to be from dietary sources.  

1.9. Diabetes and its prevalence 

Diabetes is a cluster of metabolic disorders with diverse etiologies, and mainly 

characterized by chronic hyperglycemia and impairment of carbohydrate, fat, and 

protein metabolism as a result of insufficient insulin production by the pancreas or lack 

of body response to insulin, or both simultaneously (Organization, 2011; Heydari et al., 

2010). The most predominant type of diabetes is type II diabetes mellitus (T2DM) 

which accounts for at least 90% of all cases of diabetes mellitus (DM).  At the end of 

2030 the ratio of adult diabetic cases will increases by 69 and 20 % in underdeveloped 

and developed countries respectively (Shaw et al., 2010). Zimmet, et al., (2001) 

estimated that there are 150 million diabetic patients throughout the world, and claimed 

that this number would increase two fold in the next two decades. According to the 

International Diabetes Federation (IDF), 415 million adults are diabetic (T2DM) and 

this is predicted to increase to 642 million in 2040 (International Diabetes Federation, 

2015). The occurrence of diabetes and pre-diabetes is growing throughout the world 

due to population growth, aging, urbanization, insulin resistance, the occurrence of 

obesity and lack of physical activities. In underdeveloped countries like Pakistan, 

clinical problems and scarce income are key factors in increasing diabetic burden. Shera 
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et al., (1999) conducted a two phase survey in Sindh and Baluchistan. According to 

Pakistan National Diabetes Survey, the occurrence of glucose intolerance and related 

factors in T2DM in adults (>25 years) was 13.9% in Sindh and 8.6% in Baluchistan 

with an additional 11.1% (men) and 13.4% (women) with impaired glucose tolerance 

(IGT) (Shera et al., 1995; 1999). The prevalence of Type II Diabetes was found to be 

11.6% of adult males and 9.2 % in adult females, respectively in the Khyber 

Pakhutunkhwa province of Pakistan (Shera et al., 1999). 

These reports of the Pakistan National Diabetes Survey revealed a remarkable 

significant increase in prevalence rates with increasing age. Increasing life expectancy 

also increases the prevalence of DM. The urbanization, comfortable lifestyle, and 

westernized diets may also contribute to increasing rates of diabetes mellitus. 

Zafar et al., (2011) conducted a survey in an urban population of Punjab; and they have 

found a total prevalence of 13.14% of DM. While, overall DM and Impaired Fasting 

Glucose (IFG) observed was 20.55% in males and 18.09% in females. Impaired fasting 

glucose (IFG) was 5.14% in males and 5.78% in females making a total prevalence of 

5.61% (Rubin et al., 1994; King and Rewers, 1993; Ramaiya et al., 1990; Amos et al., 

1997; Mather and Keen, 1985; Swai et al., 1990). 

1.10. Types of diabetes 

Mainly there are two types of diabetes, T1DM and T2DM. In T1DM β-cells destruction 

occurs due to autoimmune disease. While in T2DM, β-cells produce insufficient insulin 

or body is resistant to insulin activity. 

 Type I Diabetes Mellitus (IDDM). 

 Autoimmune type (1A). 

 Non-autoimmune or idiopathic type (1B). 

1. Type II Diabetes Mellitus (NIDDM). 
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 Maturity-onset diabetes of youth (MODY). 

 MODY 1 hepatic nuclear factor α4 gene mutations. 

 MODY 2glucokinase gene mutation. 

 MODY3 hepatic nuclear factor 1α genes, mutations. 

 MODY 4 pancreatic determining factor ×gene mutations. 

 MODY X, Unidentified gene mutation(s). 

 Maternally inherited diabetes and deafness (MIDD). 

 Mitochondrial leucine tRNA gene mutations. 

1.11. Etiology of type II diabetes mellitus 

Diabetes mellitus is characterized by an imperfection in insulin action and insulin 

secretion or both. It has been difficult to identify a single molecular abnormality 

underlying these features (Myers et al., 1996). In T1DM, β-cell destruction leads to 

severe or absolute insulin insufficiency. Management of insulin is essential in patients 

with T1DM. T1DM is subdivided into immune and idiopathic diabetes. The immune 

form is the most common form of T1DM. Approximately 1,500,000 individuals in the 

USA are diagnosed with this form of diabetes. The onset of disease can occur at any 

stage. T1DM is found in all ethnic groups, but the highest incidence is in people from 

northern Europe and Sardinia. Susceptibility to T1DM may be due to difference in 

genetic association, but only 15–20% patients have a positive family history. T1DM 

may convert into T2DM, but in this case tissues do not respond even when there is 

adequate insulin circulating in the body. Insulin resistance and β-cell dysfunction are 

common causes of T2DM. Another cause for increasing T2DM relates to adaptation of 

Western lifestyle, physical inactivity and obesity in developing countries (Chan et al., 

2009; Colagiuri, 2010). Insulin resistance is the earliest detectable abnormality of 

T2DM. During pregnancy the first incidence of glucose abnormality is defined as 
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gestational diabetes Mellitus (GDM). In USA, 4% of all pregnancies are diagnosed with 

GDM. GDM may be due to resistance of placenta and respective hormones, particularly 

during the 3rd trimester. Risk assessment for diabetes is recommended at the first 

prenatal visit. People at risk should be screened out instantly. In lower risk women 

screening may be delayed until the 2nd trimester, but gestational diabetes occurs during 

pregnancy only (Katzung et al., 2004). 

1.12. Complications of zinc deficiency in diabetes 

Severe and long duration of diabetes is responsible for retinopathy. High glucose level 

has a tendency to convert into sorbitol in the presence of aldose reductase as well as 

free radical production. Sorbitol increase leads to accumulation in basement membrane, 

which causes membrane thickening and loss in pericytes (Gabbay, 1975; 2004). Beside 

loss in pericytes, cataract is also a leading ophthalmic disease progressing towards 

macular degeneration in diabetic patients. The duration of diabetes is directly 

proportional to all kinds of retinopathies (Nathan, 1993). HbA1c level >10% in T2DM 

patients with proliferative retinopathy results in worsening retinopathy (Chantelau and 

Kohner, 1997). Zinc and other antioxidants slow down age related macular 

degeneration and loss of vision (Evans and Lawrenson, 2012). Under micro vascular 

complicated diseases, diabetic nephropathy is one of the life threatening complications. 

It is related to the slow decline of kidneys leading to renal disease (Timimi et al., 2014). 

Insufficient serum zinc concentration, and dietary zinc intake below normal level leads 

to diabetes, cardiovascular diseases, and glucose intolerance. There are several reasons 

for diabetic nephropathy, and low serum zinc level contributes to renal damage (Parham 

et al., 2008). Apart from zinc deficiency micro-albuminuria also leads to proteinuria 

and causes thickening of basement membrane, which leads to nephropathy (Fowler, 

2008). In chronic illnesses zinc deficiency increases IL6, IL1, IL8 and TNF-a, which 
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results in cardiovascular disease particularly in diabetes. Zinc deficiency leads to IL6 

expression which promotes pro-inflammatory cytokines. Thus, inflammation and injury 

of arterial walls accompanied by oxidized lipid of low density lipoproteins results in 

accumulation in the endothelial walls of coronary arteries results in atherosclerosis and 

plaque formation, which finally converts to vascular infarction (Boyle, 2007). 

Epidemiological studies also suggested that CVDs are generally higher in population 

with elevated HbA1c or fasting blood glucose higher than normal ranges (Fuller et al., 

1979; Balkau et al., 1998). Periodontal illness is a chronic inflammatory disorder 

represented by destruction of the periodontal tissues, loss of connective tissue, loss of 

alveolar bone, and pathological lesions forming adjacent to diseased teeth. Periodontal 

disease is twice as common in diabetic patients, mainly in T2DM patients; moreover, a 

fivefold increase in diabetic patients with retinopathy has been also noticed (Löe, 1993). 

Naturally occurring metals are present in very minute quantity in the living tissues but 

are very vital for different processes of life (Kazi et al., 2008). Worldwide expected 

zinc deficiency is greater than 20%, which constitutes about 2 billion population in 

developing countries (Wuehler et al., 2005). Zinc deficiency may cause some severe 

problems. There are two basic types of zinc deficiency, nutritional and inherited. Zinc 

supplementation significantly improved serum zinc level, and also had a tendency to 

decrease fasting blood glucose and HbA1c levels. So zinc is additionally used with 

other hypoglycemic agents in type 2 diabetes (Ruz, 2013). Insulin resistance occurs in 

T2DM however, zinc enhances the effectiveness of insulin. Insulin resistance was 

strengthened with zinc deficiency in T2DM (Zargar et al., 1998). Zinc has a role in 

diabetes, and metabolic disorders are related to decrease zinc level (Fujii et al,. 1997; 

Chausmer, 1998). Improvement of zinc deficiency in T1DM patients reduced lipid per 

oxidation and enhanced glucose homeostasis (Faure et al., 1993; 1995). Due to the 
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effects of zinc on insulin sensitivity and its antioxidant functions, T2DM patients might 

experience decrease harmful effects of oxidative stress and other complications of 

diabetes mellitus. Oxidative stress in diabetic patients is due to reduced antioxidant 

defenses (Maxwell et al,. 1997). Due to increased free radical production 

hyperglycemia and insulin resistance occur which results in depressed insulin action 

(Wolf et al,. 1991; Hunt et al,. 1991). Zinc acts as a potent antioxidant and reduces 

production of free radicals in diabetic patients (Kazi et al 2008). 

1.13. Zinc toxicity 

Normal dosage of zinc has no toxic effect on the human body. Although excessive zinc 

intake has some possible adverse effects like; patients being treated with 150 mg 

zinc/day for treatment of sickle cell anemia and for unresponsive celiac disease 

developed cruel copper deficiency, characterized by the classical symptoms of 

hypercoppremia, anemia, leucopenia, inhibition of copper and iron absorption, 

respiratory and gastrointestinal toxicity, and neutropenia. Other complications of higher 

zinc intakes ranging from 100 to 300 mg/day included alterations in immune response 

and in blood lipid profiles. In animals, increased zinc level resulted in higher cholesterol 

level and lower level of high density lipoprotein (Fosmire, 1990). However, similar 

studies were reported without these side effects (Samman and Roberts, 1987; Haase et 

al., 2008). Zinc neurologically acts as a potent neurotoxin and gliotoxin, as reported by 

Cuajungco and Lees, (1997), while exposure to 300–600 μM zinc for 15 minutes may 

cause neuronal death in cortical cell culture. The reason for neuronal toxicity is mainly 

due to zinc storage in neuronal terminals; upon depolarization, zinc is released 

(Yokoyama et al., 1986; Sloviter, 1985). At cellular level zinc concentrations of 150 

µM and above induced apoptosis in C6 glioma cells that causes breakdown of the 
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mitochondrial membrane potential, chromatin condensation and nuclear fragmentation, 

and inter nucleosomal DNA fragmentation (Wätjen et al., 2002; Sheline et al., 2000). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 2 

LITERATURE REVIEW 

Nutritional supplements are important for maintenance of normal physiological 

functions of life. Bartlett and Eperjesi, (2008) discussed the importance of nutritional 
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supplements for different diseases. Essential elements such as zinc, chromium, alpha-

linolenic acid, magnesium, selenium, vitamin C, vitamin E are used for treatment of 

diabetes mellitus. These essential trace elements have a beneficial effect on insulin 

resistance and cardiovascular activity. Chromium has a beneficial effect on fasting 

blood glucose. Zinc is required for synthesis, storage and secretion of insulin. Oxidative 

stress is reduced by vitamin E. 

Kinlaw et al. (1983) determined zinc status of diabetic patients. Twenty five percent of 

patients had decreased serum zinc level and hyperzincuria. Proteinuria and zinc loss 

were concurrent. Zinc malabsorption occurred in diabetic patients. The urinary zinc loss 

was greater in the presence of proteinuria. Studies of gastrointestinal zinc absorption 

suggested zinc malabsorption in patients with T2DM. Glucose infusion in normal dose 

produced hyperzincuria without a reduction in serum zinc. It is concluded that 

hyperzincuria, resulting from a glucose-mediated process that is not osmotic, interacts 

with impaired zinc absorption to produce a zinc deficiency in patients with T2DM.  

Niewoerner et al., (1986) determined that zinc was necessary for normal immune 

function, taste perception, and it improved insulin activity. Diabetic patients had 

impaired immune function and taste perception. Low serum zinc level and 

hyperzincuria were also reported in some diabetic patients and animals. In this study, 

patients with T2DM were examined to find relationship between decreased serum zinc 

level and diabetes. Out of 180 subjects 16 subjects were zinc deficient. Glycated 

hemoglobin and serum zinc had no relation. The phyto-hemagglutinin activity of T 

lymphocytes was minor in diabetic patients, in contrast to normal subjects. 

Hydrochloric acid, sucrose, sodium chloride and urea results were higher  in diabetic 

patients as compared to normal ones, but thresholds had no link with glycated 

hemoglobin and serum zinc levels. Zinc supplementation showed no effect on 
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glycosylated hemoglobin in nine diabetic patients. Diabetic patients had low zinc level, 

but it was not associated with diabetic control and decreased taste activity. 

Walter et al. (1991) studied different trace elements like zinc, copper, magnesium, 

manganese, and other indicators of per oxidative status in diabetic and non-diabetic 

subjects. From a diabetic clinic of California, Davis, Medical Center, 57 diabetic 

patients and 28 non diabetic subjects from the department of internal medicine and 

nutrition were selected. Fasting blood glucose was analyzed; 24-h urine collection was 

also obtained from all subjects. Hyperzincuria and hypermagnesuria were obvious in 

diabetic patients as compared to non-diabetic subjects, but no difference in plasma 

magnesium or whole blood manganese in both groups was found. Plasma zinc was 

lower and plasma copper was higher in diabetic patients than in control subjects. 

Diabetic patients with different complications like retinopathy, hypertension, or micro 

vascular diseases had a higher plasma copper level than control and diabetic patients 

without these complications. Erythrocyte copper-zinc superoxide dismutase activity or 

whole-blood glutathione peroxidase or glutathione reductase activity was the same for 

both diabetic and control subjects. Copper, zinc, magnesium and lipid per oxidation 

status were changed with Diabetes mellitus but it is not known whether these 

differences are due to diabetes. 

On specific diet accompanying zinc supplement, 20 hospitalized inpatients and 20 

outpatients were shifted by Hegazi et al., 1992. In this study, they kept 20 inpatients on 

28mg zinc with specific diet, and 20 outpatients on specific diet only for three weeks. 

Results showed an increase in serum zinc and the serum insulin level of inpatients. 

Significant reduction in blood glucose, 2hpp, and glucagon was noticed while no effect 

on calcium level was found. Outpatients had no significant difference in any parameter 
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throughout the study. Both zinc supplementation and specific diet had good effect on 

plasma glucose level and insulin secretion.  

Zinc deficiency and diabetes mellitus were directly related. Fujii et al., (1997) 

performed a short duration trial of zinc supplementation on 20 post-menopausal women 

having T2DM along with 20 control subjects given placebo. Results showed an increase 

in serum zinc level and 5’nucleotidase activities, while no change in any parameter for 

the placebo group was noticed. Plasma insulin-like growth factor I concentration 

augmented with zinc treatment if starting concentrations were < 165 tg/L but were 

unchanged if they were > 165 tg/L. Zinc supplementation had no effect on in-vitro 

lipoprotein oxidation. These results indicated that patients with non-insulin dependent 

diabetes mellitus had a modest zinc deficiency. 

Marchesini et al. (1998) conducted a trial of zinc supplementation in diabetic patients 

having cirrhosis. In this study glucose tolerance in cirrhosis was measured as a function 

of oral zinc supplementation. Glucose, insulin, and C-peptide were analyzed. Zinc 

supplementation of 200 mg three times per day for 60 days was given to patients with 

cirrhosis and diabetes, and 25 aged matched normal subjects were selected. Glucose 

level was improved by zinc supplement, but had no effect on insulin secretion or 

excretion. Glucose efficiency improved after zinc supplementation in diabetic patients 

with cirrhosis. 

According to Chausmer (1998), there is an undefined association between zinc, insulin, 

and diabetes. Diabetes alters zinc status by increasing hyperzincuria. Zinc deficiency 

may lead to destruction of islet cell in insulin dependent diabetes mellitus. Most 

complications of diabetes were related to intracellular oxidants and free radicals. 

Function of zinc in the management of diabetes and treatment was unclear. 
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Chen et al. (1998) studied the effect of zinc supplementation on plasma glucose, insulin 

levels and its in-vitro outcomes on lipogenesis and lipolysis in genetically fatty and slim 

mice for 8 weeks. The fasting plasma glucose level was reduced in fatty and slim mice 

by 21% and 25% respectively. After zinc supplementation plasma insulin was increased 

in fatty mice. In slim mice lipogenesis in adipocytes increased up to 80 % after zinc 

treatment. However, lipogenesis was increased 74 % in fatty mice after combined 

treatment of zinc and insulin. This study showed that zinc supplementation lessened the 

hyperglycemia in ob/ob mice, which might be linked to its effects on the improvement 

of insulin activity. 

Di Silvestro et al. (2000) examined zinc deficiency in rats. Zinc deficiency can cause 

mild liver damage and susceptibility of lipoprotein oxidation. They performed a test on 

rats to see whether increased zinc can protect against oxidant stress. This hypothesis 

was checked on postmenopausal women having T2DM. 30 mg zinc for three weeks 

increased low plasma zinc level and 5`-nucleotides activities. Lipoprotein oxidation 

was not changed with zinc supplementation. This study gives a new idea that high dose 

and long term use of zinc regularizes 5`-nucleotides activities. 

Antioxidant property of zinc and chromium in diabetic patients was analyzed by 

Anderson et al. (2001). Subjects with an HbA1c value of >7.5% were selected and 30 

mg/day zinc or 400mg/day chromium or combinations of zinc and chromium and 

placebo were given. Fasting blood glucose, HbA1c, plasma zinc, copper, selenium, 

urinary zinc, copper, plasma thiobarbituric acid reactive substance (TBARS), zinc and 

copper superoxide dismutase were examined before and after supplementation. More 

than thirty per cent of patients had zinc level below normal range while copper, 

selenium and antioxidant activity were normal. Reductions in plasma TBARS occurred 

in chromium, zinc, or combined supplemented group while no change was found in the 
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placebo group. Identical results for HbA1c and glucose homeostasis were reported in 

all groups. Zinc and chromium supplementation had a valuable effect on diabetes 

mellitus. 

Roussel et al. (2003) studied the efficacy of zinc supplementation in Tunisian diabetic 

patients in 2003. Patients with glycosylated hemoglobin level ˃ 7.5 % were given zinc 

gluconate and placebo to control group, for a period of six months. Serum zinc, copper 

level, hyperzincuria, plasma thiobarbituric acid reactive substances (TBARS), zinc-

copper superoxide dismutase (SOD), glutathione peroxidase activities, lipoproteins, 

blood lipid, and fasting blood glucose were analyzed on zero day and at the end of the 

study. Results indicated that diabetic patients were zinc deficient whereas copper, zinc-

copper superoxide dismutase, glutathione peroxides’ activities were found normal. 

Oxidative stress was higher in diabetic patients, whereas plasma zinc and plasma 

thiobarbituric acid reactive substances had an inverse relation. Zinc did not alter copper 

levels and high density lipoprotein. Zinc supplementation has been valuable in patients 

of diabetes mellitus with oxidative stress. 

Lee et al. (2005) studied the relationship of zinc and copper and their status in diabetic 

women. The mean age of diabetic women were 57.9 years and mean duration of 

diabetes was 8.0+/- 6.5 years. Mean daily energy intake was 1562 Kcal. No significant 

change was observed in BMI, age, nutritional intake, total energy intake, and energy 

composition of carbohydrates, protein and fats in diabetic and non-diabetic women. 

Zinc intakes of diabetic women were lower than the control ones; however, no 

significant difference was found in the plasma zinc level of both diabetic and controls. 

18.8 % of diabetic women had plasma zinc levels less than 76 mcg/dL, which was 38 

% higher than the control group. Insulin secretion decreased in the case of zinc and 

copper deficiency and increased in case of normal level of zinc and copper. 
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Hyperzincuria was two times higher in diabetic women as compared to normal group 

and was positively linked with duration of diabetes, hyperglycemia, and insulin 

resistance. Results showed that blood glucose level controlled by diet could also 

improve hyperzincuria in diabetes.  

Nsonwu et al. (2006) examined the effect of age, sex, and duration of diabetes on 

different trace elements in diabetic patients against normal individuals. Both genders 

between ages 40 to 70 years were analyzed for serum zinc, selenium, magnesium, 

chromium, creatinine and fasting blood glucose. Patients between ages 55 to 75 have 

low levels of selenium and chromium and high urinary excretion of these elements 

when compared with patients between ages of 40 to 54 years. Diabetic females have 

higher zinc and selenium level and lower urinary zinc and selenium levels than diabetic 

males. Aging and duration of diabetes alters concentration of these elements in serum 

and urine. 

Al-Maroof & Al-Sharbatti (2006) assessed the effect of zinc supplementation on 

diabetes mellitus and serum zinc levels of both diabetic (type I and type II) and non-

diabetic patients in relation to different epidemiological variables. 133 diabetic 

patients (both type I and type II) and 133 healthy subjects were selected. In a next step 

101 T2DM patients were divided into two groups; in the first group, 50 patients were 

given ZnSO4 capsule (30 mg elemental zinc), and in the 2nd group 51 patients were 

given placebo for a period of 3 months. Serum zinc level was significantly lower in 

diabetic patients as compared to healthy control. Baseline HbA1c and serum zinc level 

of diabetic patients had negative correlation. In contrast a positive correlation between 

serum zinc levels and zinc intake in the healthy group was found. Serum zinc level and 

gender had a positive correlation (male compared to female), and had negative 
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correlation with diabetes. Zinc supplementation has a beneficial effect in elevating 

serum zinc levels in diabetic patients and reducing their HbA1c level by improving 

glycemic control. 

Kadhim et al. (2006) performed a zinc supplementation trial on 46 diabetic patients, 

which were divided into 2 groups. Group A was given melatonin 10 mg and zinc acetate 

50 mg alone, while group B was given melatonin 10 mg and zinc acetate 50 mg along 

with regularly used medicine. Micro-albuminuria and lipid profile were checked at zero 

day, after 30 and 90 days. Results showed an improvement in lipid profile and reduction 

in micro-albuminuria levels. Combination of melatonin and zinc acetate used alone or 

with metformin reduces diabetes related complications. 

Afkhamiet al. (2008) conducted a trial of zinc supplementation on patients with T2DM. 

Forty (40) patients were included in this trial and 660 mg ZnSO4 was given to these 

patients for a period of six weeks. Different variables like body mass index, blood 

pressure, fasting blood sugar, 2h-postprandial blood glucose, HbA1c, triglyceride, 

cholesterol, LDL, and HDL were analyzed before and at the end of supplementation. 

Results showed that the level of FBG, 2hpp and HbA1c levels were reduced but not 

statistically significant. At the end of 12 weeks significant reduction in HbA1c with 

ZnSO4 were measured. ZnSO4 also had a beneficial effect on lipid profile. 

Kazi et al. (2008) studied the concentration of some trace elements such as zinc, 

Copper, Manganese, Nickel, iron and Chromium in diabetic and control subjects. 

Results indicated that the concentration of Chromium, Zinc, and Manganese were 

reduced in scalp hair and blood sample of diabetic patients as compared to control 

subjects in both male and female. Urinary excretion of these elements was higher in 

diabetic patient compared with control subjects. Copper and iron level were higher in 

diabetic patients as compared to control subjects, but results were not significant. These 
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results indicated that lack and efficacy of these elements could affect the evolution of 

diabetes mellitus. 

Short duration trial of zinc supplementation was done by Oh and Yoon (2008) on 44 

diabetic and 34 healthy subjects. 50 mg zinc as zinc gluconate for 4 weeks was given 

to diabetic patients. Fasting blood glucose, HbA1c, insulin and C-peptide were checked 

at zero day and after 4 weeks of supplementation. At zero day zinc deficiency in diabetic 

group was twice as high, compared to normal subjects. The difference in concentration 

of HbA1c and fasting blood glucose were not significant in diabetic group, whereas in 

normal subject’s significant reduction in HbA1c occurred in the zinc supplemented 

group. Significant increase in serum insulin and C-peptide level in diabetic patients 

with longer duration of diabetes was noticed. Zinc supplementation may improve 

diabetic status by improvement in HbA1c level and zinc status. 

In 24 years prospective study in the US from 1980 to 2004, 82,297 females between 

33-60 years aged were assessed for dietary zinc and other nutrient intake. Out of 82,297 

women 6,030 incident cases of T2DM were determined.  Sun et al., (2009) found that 

women with low zinc and nutrient intake were at risk of type 2 diabetes. They also 

found that zinc intake was inverse to Fe++hemoglobin ratio. 

Hussain et al. (2009) studied several trace elements and their status in diabetes mellitus. 

These elements have a precise role in the pathogenesis of diabetes mellitus. This study 

was aimed at evaluating the concentration of different trace elements like zinc, copper, 

chromium, magnesium, manganese in T2DM and their relationship with  

age, glycemic status and duration of diabetes. In this study 116 diabetic patients and 40 

non diabetic subjects were selected. Fasting blood glucose, HbA1c, and concentration 

of different elements was determined. Results indicated that mean levels of serum zinc 

and magnesium were low in diabetic patients as compared to non-diabetic subjects, 
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whereas there was no significant difference in levels of copper, and manganese among 

diabetic and non-diabetic. Different variables such as age, duration of diabetes, and 

glycemic status had no effect on trace elements concentration. The results showed that 

deficiency and efficiency of some essential trace elements played a role in the 

development of diabetes mellitus. 

Heidarian et al. (2009) studied that increased homocysteine level was itself cause of 

cardiovascular complication in diabetes. This study was performed to determine 

whether zinc supplementation enhanced homocysteine levels, which have a vascular 

protective effect in T2DM with micro-albuminuria. In this study, fifty T2DM patients 

with micro-albuminuria were arranged in two groups. 30 mg/day zinc was given to one 

group and placebo to the second group for a period of three months. Different 

parameters such as serum zinc, creatinine, vitamin B12, foliate, fasting plasma glucose, 

HbA1c, lipid, homocysteine levels were determined before and after study. Serum zinc 

was increased, and homocysteine level reduced after zinc supplementation in diabetic 

patients compared with controls. Vitamin B12 and folate levels increased in the zinc 

supplemented group as compared to placebo. Positive correlation between urine 

albumin excretion and serum homocysteine and negative correlation between 

homocysteine and vitamin B12 was found. 

Masood et al. (2009) studied zinc and magnesium levels in diabetic and non-diabetic 

individuals. Total 84 participants were selected and divided into two groups, 42 diabetic 

patients and 42 non diabetic individuals. Serum zinc, serum magnesium and fasting 

blood glucose were analyzed. The results recorded show a decrease in serum zinc level 

of diabetic patients as compared to healthy controls while no change in magnesium 

level of diabetic and non-diabetic individuals were found. 
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Sheikhpour et al. (2010) studied the effect of zinc supplementation on diabetes and its 

effects on insulin synthesis, secretion and action. They selected a total of sixty diabetic 

patients and divided them into two groups and each group was given 25 and 50 mg per 

day zinc for two months respectively. Blood samples were collected and different 

parameters such as fasting blood glucose, 2 h-post prandial blood glucose (2hpp), 

HbA1c, and serum zinc were analyzed at zero day and after supplementation. Serum 

zinc levels in the former group showed no significant change while in the latter; it 

showed significant increase in zinc level. A reduction was noticed in HbA1c level, 

whereas no change occurred in fasting blood glucose, 2 hours post prandial (2hpp) after 

zinc supplementation.  

Gunasekara et al. (2011) studied zinc and multimineral vitamins for the control of 

diabetes mellitus and lipid profile. They selected a total of 96 patients and divided them 

into three groups. In group A 29 patients were selected and supplemented with zinc and 

multimineral vitamins. Group B contained 31 patients and same preparation without 

zinc was given, and group C was supplemented with placebo for four months. Blood 

samples were taken at first day and after four months of supplementation to checked 

fasting blood glucose, 2h-postprandial blood glucose, HbA1c, serum zinc, creatinine 

and lipid profile. Group A showed a significant change in their fasting blood glucose, 

HbA1c, and lipid profile. Group B and C had no significant changes in HbA1c level. 

Zinc and multimineral vitamins also have a beneficial effect in improving serum zinc 

level and reducing serum cholesterol level. 

Yahya et al. (2011) studied different trace elements in diabetic and non-diabetic 

subjects. Minerals have a significant role in the human body; zinc plays a role in 

synthesis and action of insulin. Zinc level of diabetic and non-diabetic subjects was 

determined in this study. Thirty diabetic patients and thirty non-diabetic subjects were 
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selected from the outpatient department of Aziz Fatimah Hospital Faisalabad. 

Magnesium and chromium were also analyzed. On the basis of socioeconomic 

indicators, patients were divided into low, middle, and high social status. Blood samples 

of all subjects were taken and analyzed for above mentioned minerals. Serum zinc was 

lower in diabetic patients as compared to controls. Zinc level of the middle 

socioeconomic group was very low compared to non-diabetic subjects. Magnesium and 

chromium were also very low. Low zinc levels may affect their diabetic control. 

The occurrence of diabetes and pre-diabetes are rising worldwide. Different studies 

established the beneficial effect of zinc supplementation in diabetic patients. A total of 

25 articles were included in this study. Jayawardena et al. (2012) gave a comprehensive 

review of all these studies that indicated the beneficial effect of zinc supplementation 

in diabetes. These studies demonstrated that zinc supplementation not only reduced 

fasting blood glucose, 2 h-postprandial blood glucose but also had a good effect on lipid 

profile. These studies also showed the significant reduction in systolic and diastolic 

blood pressure. This comprehensive review demonstrated that zinc supplementation 

had a beneficial effect on glycemic control and lipid profile. 

Saher et al. (2012), assessed maintenance of normal glucose level, lipid level and 

kidney performance in diabetic patients at Al-Noor hospital in Makkah. Sixty patients 

were equally divided into two groups and were given zinc to 1st group and placebo to 

2nd group for eight weeks respectively. Fasting blood glucose (FBG), lipid level, 

HbA1c, and kidneys performance were decreased in the zinc supplemented group. Low 

densities lipoprotein (LDL), cholesterol and FBG were reduced, whereas high density 

lipoprotein (HDL) was improved in the zinc treated group. Zinc could have an 

additional role in controlling diabetes mellitus. 
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Olaniyan et al. (2012) at Nigeria highlighted the importance of zinc and copper in 

diabetes. They carried out a study of 53 diabetic versus 50 non-diabetic subjects. Serum 

zinc, copper, and fasting blood glucose were measured. They also measured the 

association of these trace elements with age, gender, duration of diabetes, and glycemic 

status. Diabetic patients had low zinc level compared with control subjects, whereas the 

copper level of diabetic patients was higher as compared to control subjects. Different 

variables like age, duration of diabetes and gender have no association with trace 

elements concentration in diabetic patients. 

Puri et al. (2013) conducted a trial of comparative study for serum zinc, magnesium, 

and copper among type II diabetic patients with or without micro-angiopathic 

complication. Type II diabetic patients were divided into groups on the basis of the 

presence or absence of at least 2 out of 3 micro-angiopathic problems like retinopathy, 

nephropathy, and peripheral neuropathy. Each group comprised 50 individuals and 

concentration of copper, zinc, and magnesium were determined. Hyperzincuria and 

hypercoppremia were present in all diabetic patients, but severe reductions in group 

suffering from micro-angiopathic complications were noticed. Increased concentration 

of zinc and magnesium in urine of diabetic patients were due to hyperglycemia. 

Glycated proteins had a high attraction towards copper resulting in hypercoppremia. 

This bound copper is redox active and leads to the production of free radicals that cause 

oxidative stress which is responsible for the development of micro-angiopathic 

complication of T2DM.  

Islam et al. (2013) examined serum zinc levels in normal, pre-diabetic, and diabetic 

individuals and their link with Homeostasis Modal Assessment (HOMA) parameters. 

280 participants were selected. Results of Islam et al showed that serum zinc level and 

beta cell function were lower in pre-diabetic subjects as compared to normal and 
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diabetic individuals. HOMA parameters had no significant link with serum zinc level, 

serum insulin and beta cell function. Low serum zinc was associated with increased 

serum insulin level and increased body mass index. 

Vashum et al. (2013) studied zinc intake in women between ages 45-50 years. They 

selected 333 cases of diabetes during 6 years of follow-up. Dietary zinc intake was 

calculated through a questionnaire. They evaluated the result that dietary zinc intake 

and iron were linked with reduced risk of diabetes in women. Dietary zinc 

supplementation is a positive indication to halt the risk of T2DM. 

Foster et al., (2013) studied zinc and alpha linolenic acid supplement on diabetes 

mellitus and lipid profile. They conducted a randomized, double blind control trial in 

post-menopausal women with diabetes mellitus. The participants were given 40 mg of 

zinc and 2gm alpha linolenic acid per day for a period of 12 weeks. Slight differences 

in HDL and TC level occurred, whereas counter change between HbA1c and HDL was 

observed after 12 weeks of zinc supplementation. Alpha-linolenic acid had no 

significant effect on diabetes mellitus and lipid profile. 

Ferdousi et al. (2013) studied serum zinc and magnesium in newly diagnosed type II 

diabetic patients. Diabetes and trace elements had some link. They selected sixty newly 

diagnosed diabetic patients and sixty healthy control subjects. Both serum zinc and 

magnesium of diabetic patients were lower than control subjects, and supplementation 

of zinc and magnesium was considered beneficial in diabetes mellitus. 

Khan et al. (2013) performed a trial of high dose zinc supplementation on diabetic 

patients suffering from micro-albuminuria. A total of 54 patients on anti-diabetic drugs 

along with angiotensin converting enzyme were included in this trial. Group one was 

given anti-diabetic drugs alone, whereas group two was taking anti-diabetic drugs along 

with ZnSO4 for three months. Parameters such as fasting blood glucose, postprandial 
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blood glucose, glycated hemoglobin, lipid profile, and urine micro-albumin were 

determined at zero day and after three months of zinc supplementation. Significant 

reduction was observed in TG and VLDL-cholesterol level, while there was no 

significant effect on TC and LDL level. Zinc supplementation reduced the level of hs-

CRP and micro-albumin but all the above parameters were not changed in group one. 

Zinc supplementations enhanced the efficacy of oral hypoglycemic drugs and had a 

valuable effect in lowering blood glucose, triglyceride, and urinary albumin excretion 

by reducing complications of diabetes mellitus. 

Zinc and its association with diabetes were studied by Timimi et al. (2014).They 

selected age matched 300 diabetic patients and 100 non-diabetic individuals and 

divided them into five groups. Group one had normotensive healthy control subjects; 

normotensive diabetic patients were placed in group two; hypertensive diabetic patients 

in group three, normotensive diabetic patients with micro-albuminuria in group four 

and lastly group five had hypertensive diabetic patients with micro-albuminuria. Serum 

zinc level, estimated glomerular filtration rate (e- GFR), urinary zinc, creatinine, and 

micro-albuminuria were examined. Timimi et al. (2014) found a reduced level of serum 

zinc in diabetic patients. Also, they found a decreased serum zinc level in groups four 

and five when compared with group one and three. Serum zinc, creatinine and micro-

albuminuria were inversely related, whereas it had a positive association with 

glomerular filtration rate. Timimi et al. (2014) concluded that nephropathy due to 

diabetes was related to decreased levels of serum zinc. Hence, it shows that serum zinc 

level in diabetic patients is important to be examined before starting zinc 

supplementation mainly during assessment of kidney injury. 

Elabid et al. (2014) examined zinc, manganese, and chromium in diabetic and healthy 

individuals at the diabetic center of Khartoum, Sudan. Age and gender matched two 
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hundred diabetic and one hundred healthy individuals were included. They found a 

decreased level of zinc, chromium, and manganese in diabetic patients in comparison 

to healthy individuals. All the three elements had a reverse association with duration of 

diabetes and HbA1c. 

Ajibola et al. (2014) determined that metabolism of different trace element changed in 

diabetes mellitus because these metals had a role in the progression of this disease due 

to their varied characteristics and function. They included 148 subjects out of which 98 

were diabetic and 50 were non diabetic. Results indicated a decrease in chromium and 

zinc and increased in magnesium and molybdenum levels of diabetic patients in 

contrast with control. Plasma glucose levels of diabetic patients had negative 

correlation with Zinc, Magnesium, Chromium, and Molybdenum, whereas positive 

correlation was observed between Zinc, Magnesium, Molybdenum and Chromium in 

diabetic patients. Deficiency of both chromium and zinc co-exist in diabetic patients 

and was associated with marked raised molybdenum with slightly raised magnesium 

level.  

Saha-Roy et al. (2014) examined serum zinc, magnesium, and copper of type II diabetic 

patients. Sixty diabetic and forty healthy subjects were included in this trial. Elevated 

copper level and lower serum zinc level in diabetic patients as compared to healthy 

subjects was observed. Magnesium level was same in both groups. Supplementation of 

zinc, magnesium, and copper can reduce the problems due to diabetes mellitus. 

Zinc deficiency in diabetes was proved by many researchers and requires prompt zinc 

supplementation. Susmita Barman et al., (2017) aimed to investigate the risk of diabetic 

nephropathy in diabetic rats. The glycemic rats were supplemented zinc for six weeks. 

The diabetic rats showed significant increased in kidney weight and creatinine level 

after supplementation. Significant reduction in lipid level and improvement in 
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PUFA:SFA was observed. Significant reduction was observed in glucose level, 

Glycated receptors and oxidative stress markers. Zinc supplementation reduced the 

advanced activity of polyol pathway enzymes in the kidney. Zinc supplementation had 

significant beneficial effect in the control of diabetic nephropathy. 

Diabetes mellitus is a chronic metabolic disorder and mainly characterized by 

hyperglycemia and impaired glucose homeostasis. Zinc is involved in antioxidant 

enzymes, and deficiency of zinc may affect their synthesis results in oxidative stress in 

cells.  Diabetic patients are zinc deficient. Fan Yanga et al., (2017) aimed to investigate 

the different concentration of zinc on diabetic nephropathy. FVB male mice of eight 

weeks age were injected with low dose of streptozotocin at the rate of 50mg/kg body 

weight for five days. For control group diabetic and age matched rats were treated with 

zinc at the rate different concentrations like 0.85mg/kg,30mg/kg, 150mg/kg for three 

months. Zinc deficiency may contribute to the kidney damage in diabetic patients. 

Different concentration of zinc could protect the kidney damage due to diabetes. The 

beneficial effects of zinc on DN are achieved most likely due to the upregulation of 

Nrf2 and its downstream factors NQO1, SOD1, SOD2. Zinc regulated the appearance 

of Akt phosphorylation and GSK-3 _ phosphorylation, and results in reduction in Fyn 

nuclear translocation and export of Nrf2 to the cytosol. Thus adequate level of zinc 

should be maintained to reduced the development of diabetic nephropathy in diabetes.  

Ranasinghe et al. (2018) led this trial. Total 200 patients with pre-diabetes were selected 

according to their age, gender, and body mass index. These were divided into two 

groups. Group 1 was supplemented with ZnSO4 capsule, and group 2 was given placebo 

for 12 months. The follow-up visits were arranged at zero day, first month, 3rd month, 

6th month and finally for 12 months of supplementation. The parameters measured were 

below normal range at zero day reading. Fasting blood glucose, 2h-postprandial blood 
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glucose, TC, LDL, HDL, serum zinc levels were improved in zinc supplemented group 

after supplementation. Improvement in β-cell function was also observed in 

supplemented group. Zinc supplementation reduces the progression of pre-diabetes to 

diabetes. 

The use of nutrients and controlled diet as coadjuvant in diabetes management has been 

increased during last decade. Glycemic parameters were improved with zinc 

supplementation. A. Perez et al. (2018) aimed to evaluate the relationship between zinc 

status and glucose homeostasis in patients with type-2 diabetes. Eighty patients with 

well controlled T2D were selected. Anthropometric, biochemical and dietary 

evaluations were analyzed. Glucose tolerance test was used to check insulin sensitivity 

and β-cell efficiency. Zinc level was analyzed by plasma zinc level, size of rapidly 

Exchangeable Zinc Pool (EZP) and diatory zinc intake was also checked. Glucagon 

level was also analyzed in patients. Zinc level was normal although the patient’s intake 

of zinc was lower than normal. There was no association between zinc status and 

glycemic parameters, where as positive correlation between EZP and fasting insulin, 

HOMA-IR in women and between plasma zinc concentration and HbA1c% in men. 

Further investigations are required to assess relationship between zinc status and 

diabetes management. 
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Chapter 3 

MATERIALS AND METHODS 

3.1. Instruments and equipments used 

 Inductively coupled plasma optical emission spectrometry (ICP-OES),  

 Eppendorf centrifuge machine (5810 R),  

 Sonicator (Branson 3510),  

 Conductivity and pH meter Hi 255 combine meter pH/mv and EC/TDS/NaCl, 

 Milli-Q/milli-Q A10 Gradient Millipore,  
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 Hot Air Oven (Binder FD 115),  

 Weighing Balance A&N Japan,  

 Height Scale stands, Sphygmomanometer,  

 Stethoscope, 

 Glucometer (Onecall ACON laboratories, Inc. 1150713901),  

 Pipette tips,  

 Eppendorf tubes  

 BD syringes (3ml, 5ml and 10ml),  

 Filter paper. 0.45µm category no.spo2545,  

 Surgical swabs,  

 EDTA tube (ATLAS-Labovac),  

 Gel tubes(ATLAS-Labovac),  

 Centrifuge tubes (Falcon tube) 15ml,  

 Measuring Flask 25 ml, 50 ml, 100ml, 250 ml and 500 ml (ISO lab Germany 

Class A), Beaker 50ml, 100 ml, 250 ml, 500 ml and 1000 ml,  

 Surgical cotton, surgical gloves,  

 Micropipette 100µl, 500µl and 1000µl biocare,  

 COBAS e 4 11 (Roche Diagnostics Corporation, Indianapolis, IN 46250, 

Insulin cal set (4x 1ml),  

 D-10 Bio-Red High performance liquid chromatography, 

 D-10 dual Program Kit (Reorder Pack Cat. No. 220-0201) for Hb A2/F/A1c.  

3.2. Chemicals and reagents 

 ZnSO4 tablets (20mg) from ZAFA Pharmaceuticals,  

 Zinc Stander (Fisher Scientific), 
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 Metformin tablets, Glabinclamide tablets,  

 Trichloroacetic Acid (Merck),  HNO3 (Fisher Scientific), 

 Argon and Nitrogen gas Cylinder provided by HEJ (ICCBS),  

 Insulin kit (Roche Diagnostic Corporation, Indianapolis, IN 46250.),  

 Deionized water contains <0.05% sodium azide as a preservative.  

3.3.  Study approval and design 

The study was conducted in a diabetic clinic of Jinnah Post Graduate Medical Center 

(J.P.M.C), Karachi, Pakistan, as a single-blinded, placebo control trial for three months 

(April-July 2015). The study was accepted by the Ethical committee and institutional 

review board of JPMC (No.F.2-81/2014=GENL/6876/JPMC dated 20/11/2014). 

Moreover, the trial was registered in Chinese Clinical Trial Registry, having 

registration no. Chi CTR-IOR-17011059. A total of 211 type II diabetic patients of the 

diabetic clinic of JPMC were collected and after screening 150 participants were 

selected for this study. They were divided into intervention and control group each 

containing 75 patients. Moreover, informed consent forms of all the 150 participants 

were taken. 

3.4. Categorization of patients 

After collecting initial patient history, the patients were categorized on the basis of 

ethnicity (Patthan, Punjabi, and Urdu speaking), duration of diabetes (0-2, 3-5, 6-10, 

and > 10 years), age (35-55 and 56-75 years), and lastly case (n=75), and control (n=75) 

groups, with an established diagnosis of T2DM stipulated by the American Diabetes 

Association (ADA, 2006).  

3.5. Exclusion criteria 

The following exclusion criteria were employed in the study. 

 Patients with renal insufficiency or liver failure or other chronic diseases. 
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 Patients on hormonal replacement therapy. 

 Pregnant or lactating mothers. 

 Patients taking insulin for diabetes management.  

 Patients taking any other drug containing zinc. 

 Patients who wished to leave study without any reason, or moved to any other 

city/or province were excluded from the study. 

3.6. Demographic data 

A proforma and a structured questionnaire were used to obtain socio-demographic data. 

The information included; age, sex, family history of diabetes, duration of diabetes, any 

complication of diabetes, like diabetic foot, glaucoma, and CVDs. 

3.7. Anthropometric data 

Anthropometric measurements including body weight were done through the weighing 

machine with a precision of 500 g (Seca, Hamburg, Germany), height was measured 

using a locally made length board with an accuracy of 0.5 cm, waist circumference was 

measured by a measuring inch tape, and blood pressure was measured by 

Sphygmomanometer (BP apparatus) at the initial day and at the end of each month. 

3.8. Body mass index (BMI) 

BMI of all patients (using previously measured weight and height) was calculated; 

𝐵𝑀𝐼 =
𝑊𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑘𝑖𝑙𝑜𝑔𝑟𝑎𝑚𝑠

𝐻𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑚𝑒𝑡𝑒𝑟𝑠2
 

 

Schematic representation of study design 
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3.9. Phlebotomy session 

After overnight fasting (12h); a phlebotomy session for all patients was arranged at 

08:15 am. Fasting blood glucose (FBG) was measured by glucometer (Onecall ACON 

laboratories, Inc. 1150713901). Blood samples were drawn from all patients before they 

had taken breakfast or any other drug. For analysis of serum zinc, insulin and creatinine 

5 ml blood was collected in gel tube followed by centrifugation in Eppendorf centrifuge 

machine (5810 R) at 4000 rpm for 20 minutes and stored at -80oC for further analysis. 
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For HbA1c%, fasting blood glucose and total cholesterol, 3 ml blood was collected in 

EDTA (ATLAS-Labovac) tube.  

3.10. Drug administration 

Zinc sulfate 20 mg/day tablets were arranged from ZAFA pharmaceuticals, and a dose 

of complete one month was given to the intervention group, while placebo to the control 

group. The patients were kept unaware of active and placebo as the study was single-

blinded. All participants were instructed to take one tablet a day in combination with 

routine oral hypoglycemic (Metformin and Glabinclamide). At the end of each month 

a follow-up was arranged for all patients.  

3.11. Daily food intake history  

A complete file of each patient was maintained as a history. Nutritional data of all 

patients were collected using a structured questionnaire obtained from the Nuclear 

Institute for Food & Agriculture (NIFA) Peshawar, Pakistan. Moreover, a nutritionist 

delivered lecture on the specific diet as well as lifestyle& physical exercise.   

3.12. Laboratory analysis 

 

 

3.12.1. Serum zinc analysis 

For the analysis of serum zinc the following procedure was used. In all process 

Millipore de-ionized water was used. Further conductivity and pH of de-ionized water 

was checked by conductivity and pH meter (Hi 255 combine meter pH/mv and 

EC/TDS/NaCl). Plastic materials were used to avoid contamination. All accessories, 

i.e. Falcon, Eppendorf tubes, micropipette tips, and disposable syringes were dipped in 
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10% HNO3 for at least 48 hours and washed with de-ionized water immediately before 

use.  

3.12.1.1. Sample preparation 

Previously separated serum samples stored in Eppendorf tubes at -80oC were taken to 

the ICP laboratory and final sample dilution was made for serum zinc detection.  

3.12.1.2. De-protenization 

All samples were de-proteinated with nitric acid, 600 µL serums was taken in closed 

Eppendorf tube and 600 µL of nitric acid (Merck) 1+1 was added to it. This procedure 

was repeated for all samples. After addition of nitric acid all samples were precipitated 

immediately and in order to get clear supernatant, samples were further centrifuged in 

an Eppendorf centrifuge machine at 4000 rpm for 20 minutes. 

A clear supernatant of 500 µL was collected in previously washed and sterilized Falcon 

tube. 4.5 ml deionized water was added to it. After completion of this procedure all 

samples were sonicated in Branson (3510) connector for 20 minutes. After sonication 

samples were filtered using 0.45 µm (spo2545) filter and 10 ml BD disposable syringes 

into another Falcon tube. All steps were repeated for blank preparation as well, the only 

difference was that blank did not contain serum. 

 

 

3.12.1.3. Preparation of standard 

Fisher Scientific supplier (1000 ppm) was used as a standard. A stock solution of 20 

ppm was prepared from 1000 ppm and further three standards of 0.03 ppm, 0.2 ppm 

and 1 ppm, were prepared from stock solution by dilution method. 

3.12.1.4. Samples running 
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Prepared samples were shifted to inductively coupled plasma optical emission 

spectrometry (ICP-OES) room. Argon and nitrogen cylinders were connected and their 

pressures were maintained. Before running the samples, the instrument was washed 

with deionised water. Standard solutions were run on ICP-OES to get baseline; later 

samples were run on ICP-OES by putting samples one by one. This instrument 

automatically sucks the sample. Each sample was run twice to get SD and RSD of two 

readings. Spectra were generated where values were given in mg/L unit. For calculation 

and tabulation software Microsoft Excel 2010was used, whereas for statistical analysis, 

IBM SPSS Statistics 22 version was used (Hsiung et al., 1997). 

3.12.2. Serum insulin 

The previously collected and stored serum samples were used for serum insulin 

analysis.  

3.12.2.1. Assay procedure  

This test was performed on sandwich principle and total duration of assay was18 min. 

In this procedure two incubation periods were involved. During the first incubation 

period a biotinylated monoclonal insulin-specific antibody form a complex with 

monoclonal insulin–specific antibody labeled as ruthenium complex. In the second 

incubation phase streptavidin-coated micro particles were added, the complex bound to 

the solid phase through interactions of biotin and streptavidin. The mixture was then 

transferred to the measuring cell where micro particles were magnetically taken on the 

surface of the electrode. Procell removed the unbound substances. Electric supply to 

electrode induces chemiluminescent emission which was measured by a 

photomultiplier. Results were determined through the calibration curves (Laboratory 

Procedure Manual; Human Insulin Immunoassay Using ROCHE ELECSYS 2010).  

3.12.3. HbA1c 
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3.12.3.1. Sample preparation 

Analysis of HbA1c% was carried out on D-10 high performance liquid chromatography 

(HEMOGLOBIN A1c/A2/F BIO-RAD D-10 DUAL PROGRAM), which required 2 

ml blood. 

3.12.3.2. Standard sample tube preparation 

1. Before assay sample tubes were sat at room temperature.  

2.  The sample tubes were loaded to the D 10 sample racks so that barcodes could 

face back of the instrument 

3.12.3.3. Patient specimens requiring pre-dilution 

To prepare samples, 1.5 ml sample vials provided in the kit were used. Samples 

were prepared by the following methods: 

1. Labeled a new 1.5 ml sample vial with the patient clinical ID (we used specific 

serial numbers for each patient specimen).  

2. 1.5 ml Wash/Diluents’ Solution and 5 µL whole blood specimen were pipetted 

into the vial. Then the vial was capped and mixed thoroughly.   

3. The capped vial was inserted into an unlabeled D-10 vial adapter. Inserted the 

adapter with vial into the D-10 sample rack.   

Before starting a sample and after completion of daily maintenance procedures, the 

analyzer was started up from SLEEP. The START UP button was pressed to begin that 

process, which took approximately five minutes. A “Daily Report” was printed out at 

the completion of start-up. The rack was inserted into the slot on the right side of the 

analyzer. Patient/QC IDs appeared on the screen after they have been scanned by the 

barcode reader. Pre-diluted samples were entered in the ID by highlighting its rack 

position on the screen and pressing the EDIT button, which would bring an 
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alphanumeric touch screen keypad. The DONE button was pressed after entering each 

patient ID. Then the START button was pressed to begin the analysis. Then pressed the 

YES button when asked if it was sure to start the run. One full rack of ten samples takes 

approximately 65 minutes to complete (6.5 minutes per sample). The rack could only 

be ejected when the instrument returns to STANDBY, and meanwhile, a subsequent 

rack for analysis could be loaded in the same manner as mentioned above. It was 

recommended to start a timer for 65 minutes, so subsequent racks could be loaded as 

soon as each of the previous rack was completed and the analyzer returned to 

STANDBY; if there was no activity for 30 minutes after returning to STANDBY, the 

analyzer would return to SLEEP. If that happened then starting of the analyzer for the 

second time would require another startup gradient run and this would result in a 

decrease in usable buffer volume. 

3.12.3.4. Calculation of results 

The D-10 software performs the reduction of raw data collected from each analysis. 

Two level calibrations are used for quantification of the HbA2/F/A1c values. The A1C 

area was calculated using an exponentially modified Gaussian (EMG) algorithm that 

excludes the labile A1c and carbomylated peak areas from the A1c peak area. 

 

3.12.4. Fasting blood glucose 

Fasting blood glucose (FBG) was measured by glucometer (Onecall ACON 

laboratories, Inc. 1150713901). FBG was additionally measured by an enzymatic assay 

technique for confirmation of results (Laboratory Procedure Manual, Roche/Hitachi 

Cobas C Chemistry Analyzer). 

3.12.5. Serum creatinine 
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Serum creatinine was measured enzymatically by creatninase, which acts as a catalyst 

for the conversion of creatinine to creatine. The reaction is catalyzed by creatninase to 

urea and sarcosine, followed by enzymatic measurement of sarcosine by using 

sarcosine oxidase which acts as an indicator. In second step series of reactions catalyzed 

by creatine kinase, which convert ATP to ADP, pyruvate kinase and ADP to pyruvate, 

ATP and lactic dehydrogenase  and NADH to lactate and NAD500nm (Laboratory 

Procedure Manual Roche Diagnostics). 

3.12.6. Total cholesterol determination 

Enzymatic method was used for the determination of cholesterol in blood by use of 

single aqueous reagent. No prior treatment of sample was required and calibration curve 

was linear to 600 mg/dL. Cholesterol esters were hydrolyzed to free cholesterol by 

Cholesterol esters hydrolase. The free cholesterol produced was oxidized by cholesterol 

oxidase to cholest-4-en-3-one with concurrent production of hydrogen peroxide which 

oxidatively coupled with 4 aminoantipirine and phenol in the presence of peroxidase to 

produce a chromogen at 500nm (Laboratory Procedure Manual Roche Diagnostics). 

3.13. Statistical analysis 

Data was analyzed on SPSS, version 22, IBM. Descriptive statistics were reported for 

serum zinc, serum insulin, HbA1c, fasting blood glucose, blood pressure, serum 

creatinine, total cholesterol, and BMI. Generalized linear model and Bonferroni test 

were used to see the mean difference in the diabetic and control group, among different 

ethnicities considering their gender, and age. HOMA-IR and HOMA-β were analyzed 

using “t” test, to see the mean difference between intervention and control group. ROC 

curve was used to calculate the cutoff values with 95% C.I. P-value ≤0.05 was 

considered as statistically significant. Nutritional data were calculated using a 

nutritional calculator obtained by the Nuclear Institute for Food & Agriculture (NIFA), 
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Peshawar Pakistan. Simple “t” test was used to see the level of significance between 

male and female patients using 95% C.I. P-value ≤0.05 considered as statistically 

significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 4 

RESULTS 

After 12 h fasting, blood samples of all the patients were taken. Physicochemical and 

biochemical parameters were analyzed at initial day and at the end of supplementation. 

Follow ups were arranged at the end of each month. Out of 150 type II diabetic patients, 

101 patients could successfully complete the study as 49 patients were excluded 

according to exclusion criteria. Visit 1 was considered as 0 day/or 0 day follow-up 
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reading, while remaining 3 follow-ups were considered as first, second and third month 

respectively. On the zero visit each patient’s initial history, i.e. patient name, clinical 

ID, gender, age, ethnicity, family history of diabetes, other diabetes complication, and 

duration of diabetes were recorded. In Table 4.1 the main characteristics, i.e. mean age, 

body weight; waist circumference, literacy rate, social background and average income 

are shown. The data presented in Table 4.1 indicate that Patthan males have highest 

mean body weight of 74.9 ± 13.9 Kg followed by Urdu speaking and Punjabi groups. 

On the other hand Punjabi females have lowest average body weight of 68.51±12.2 Kg 

among females of all ethnic groups. The average waist circumference was found higher 

in Patthan and Punjabi males as 94.35 and 93.92 cm respectively. The literacy rate was 

higher in Urdu speaking male at 78.94 %, and females 57.89 %. Social background data 

showed that more than 50% males of all ethnic groups were from working class. More 

than 50% of females were housewives and depended. Income status is also depicted in 

Table 4.1; the majority of participants had satisfactory income. The less number of 

patients had good income status. Less than 25% of participants were with a family 

history of diabetes Table 4.1. 

After phlebotomy section, zinc sulfate at the rate of 20 mg/day for three months was 

given in combination with the oral hypoglycemic agents, the metformin and 

glabinclamide to the intervention group, whereas, the control group was assigned to 

receive placebo plus oral hypoglycemic. All participants were instructed to take one 

tablet a day. Moreover, the lecture on the specific diet and lifestyle was arranged by a 

nutritionist. Dietary intake was monitored throughout the study and subjects were asked 

to complete a 24-hour dietary recall questionnaire, of 4, 8, and 12 weeks. Furthermore, 

the dietary data were cross-checked through face-to-face interviews conducted 

primarily in Pashto, Punjabi and Urdu languages whichever participants could 
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understand. At each monthly follow-up, blood samples were collected to see the effect 

of zinc supplementation on various parameters. 

 

 

 

 

 

 

 

 

 

 

 

Table 4.1: Main characteristics of the study population stratified by ethnicity and 

gender 

Variables 

Patthan                     

(33%) 

Punjabi       

              (32%) 

Urdu speaking     

(36%) 

Male  

(16%) 

Females 

(17%) 

Male 

(16%) 

Females 

(16%) 

Male 

(17%) 

Females 

(19%) 

Mean age (Years) 57.1±11.9 54.9±16.0 53.5±15.0 56.4±09.4 
52.8±12.

8 
48.1±15.4 

Mean weight (Kg) 74.9 ± 13.9 71.7±11.5 70.1± 14.4 68.5±12.2 73.0 ± 

12  

70.9±13.1 

Weight case vs. 

Control (Kg)∆ 

0.4 0.1 0.2 0.0 0.0 0.6 

Mean waist circumference 

(cm) 

94.4 92.6 93.9 91.7 92.8 91.8 
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Literacy rate (%) 31.5 0 43.8 25 78.9 57.9 

Social 

Background 

(%) 

Working 56.3 - 68.8 12.5 64.7 36.8 

Depended 18.8 100 12.5 81.3 - 52.6 

Unemploye

d 
- - 

12.5 81.3 
- 

52.6 

Housewife - 100 - 81.3 - 52.6 

Retired 25 - 18.8 6.3 35.3 10.5 

Income (%) 

Good  25 6.3 12.5 25 29.4 31.6 

Satisfactory 43.8 50 37.5 43.8 47.1 42.1 

Poor 31.4 43.8 50 31.3 23.5 26.3 

Family history of diabetes 

(%) 

12.5 11.8 18.8 25 5.9 10.5 

Patients taking 

antihypertensive (%) 

12.5 6 25 12.5 11.8 31.6 

Self-Medication (%) 31.3 35.3 18.8 12.5 11.8 21.1 

Diabetic foot (%) 6.3 0.0 0.0 0 17.8 5.3 

Incidence of vomiting (%) 0.0 6 0.0 12.5 11.8 21.1 

Abdominal pain (%) 0.0 0.0 0.0 12.5 0 0 

Diarrhea incidence (%) 56.3 64.7 68.4 43.8 76.5 31.6 

Constipation incidence (%) 6.3 0.0 12.5 5.8 5.9 5.3 

Data of serum creatinine and total cholesterol are presented as means ± SD, level of significant at 1 Subscript∆ show 

mean change between zinc supplemented (case) vs. control group.   

 

The mean baseline values of serum zinc, insulin, HbA1c, and FBG levels in diabetic 

patients, are shown in Table 4.2. Similarly, Table 4.3 depicts baseline systolic, diastolic, 

BMI, total cholesterol, and serum creatinine levels in diabetic patients by disease 

duration, gender, ethnic group and zinc supplementation. 

Table 4.2: Baseline serum zinc, insulin, HbA1c, and FBG levels in diabetic patients. 

Factors Zinc µg/dL   
Insulin 

µIU/mL 
   HbA1c %  FBG mg/dL 

Gender     
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Male 
57.6 ± 5.2 

 

6.1 ± 3.7 

 

8.7 ± 1.5 

 

180.5 ± 57.0  

 

Female 
52.5 ± 3.4  

 

8.3 ± 6.5  

 

8.8 ± 1.5  

 

180.1 ± 54.7  

 

Duration  
   

0-2 years 
55.2 ± 4.7 

 

6.0 ± 3.7  

 

8.6 ± 1.6  

 

178.5 ± 58.7 

 

3-5 years 
53.4 ± 4.4 

 

7.6 ± 7.6  

 

8.5 ± 1.1  

 

168.8 ± 45.7  

 

6-10 years 
55.8 ± 5.4 

 

7.6 ± 6.4  

 

8.6 ± 1.5 

 

176.8 ± 56.2  

 

More than 10 years 
54.9 ± 5.6 

 

8.1 ± 4.1  

 

9.1 ± 1.7  

 

194.1 ± 58.0  

 

Ethnicity  
   

Patthan 
51.1 ± 2.9  

 

9.7 ± 7.6  

 

9.1 ± 1.7 

 

191.9 ± 66.4 

 

Punjabi 
55.5 ± 4.2  

 

5.9 ± 4.0  

 

8.5 ± 1.6 

 

173.3 ± 58.5  

 

Urdu speaking 
58 ± 5.2  

 

6.1 ± 3.0  

 

8.6 ± 1.2 

 

175.9 ± 39.4 

 

Group  
   

Control 
54.1 ± 4.1 

 

7.0 ± 4.4  

 

8.7 ± 1.3 

 

175.5 ± 44.5 

 

Zinc Sulphate 
55.6 ± 5.7 

 

7.4 ± 6.2  

 

8.8 ± 1.7  

 

184.3 ± 63.5  

 

 

 

 

 

 

 

 

 

 

 

Table 4.3: Baseline systolic BP, diastolic BP, BMI, total cholesterol and serum 

creatinine levels in diabetic patients. 

Factors 
Systolic BP 

 mmHg 

Diastolic BP 

mmHg 

BMI  

Kg/m2 

Total 

cholesterol 

(mmol/L) 

Serum 

creatinine 

(mg/dL) 

Gender       

Male 128.4 ± 9.5 84.1 ±5.4 
26.8 ± 6.2 

 

5.9±0.5 1.2 ± 0.2 

Female 132.9 ±10.0 84.0 ±6 
26.6 ± 4.2 

 

5.9±0.9 1.2 ± 0.6 

Duration       

0-2 years 126.3 ±9.8 83.0 ±4.8 
26.0 ± 5.3 

 

5.9± 0.7 1.2 ± 0.3 

3-5 years 131.6 ± 11.2 83.2 ±5.1 
28.5 ± 5.2 

 

5.9±1.1 1.2 ± 0.1 
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6-10 years 136.2 ± 11.7 87.6 ±5.2 
28.4 ± 6.3 

 

5.9±0.9 1.2 ± 0.1 

More than 10 years 130.4 ±10.3 83.6 ±5.8 
24.6 ± 3.1 

 

5.9±0.8 1.2 ±0.1 

Ethnicity       

Patthan 131.5 ± 12.1 82.7 ±5.3 
27.0 ± 5.6 

 

5.9±0.5 1.2 ± 0.2 

Punjabi 132.0 ± 11.8 87.3 ±5 
26.2 ± 5.4 

 

5.8±0.9 1.2 ± 0.0 

Urdu speaking 128.8 ± 12.4 82.4 ±5.2 
26.8 ± 4.9 

 

5.9±1.1 1.2 ± 0.0 

Group       

Control 132.6 ± 12.5 84.5 ±4.9 
26.5 ± 5.1 

 

5.9±0.8 1.2 ±0.1 

Zinc Sulphate 128.4±11.8 83.5 ±5.2 
26.8 ± 5.4 

 

5.9±0.9 1.2± 0.1 

 

 

 

 

 

 

 

 

 

 

 

4.1. Effect of Zn supplementation on serum zinc level in different variables: 

Based on gender, ethnicity, and duration of diabetes, patients with oral hypoglycemic 

drugs metformin and glabinclamide, showed a significant increase in the mean ±SD of 

serum zinc after three months of supplementation (Figure 1). In both males and females 

initially average serum zinc was 56.4 and 52.1µg/dL respectively, while at the end of 

the third month it was 94.9 and 90.08 µg/dL (p<0.001) respectively. Among different 
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ethnic groups, serum zinc level of Patthan, Punjabi, and Urdu speaking was 50.7, 55.5, 

and 55.4µg/dL, respectively before taking zinc supplementation. Regular intake of zinc 

supplementation resulted in a 90.8µg/dL increase in Patthan, 91.1µg/dL in Punjabi and 

96.2µg/dL in Urdu speaking groups. Ethnic based change in serum zinc is summarized 

in (Figure 2). In Patthan group, overall 38.2µg/dL increase in serum zinc level was 

observed for the zinc supplemented group as compared to control group. In Patthan 

males, the Zinc supplementation group showed an increase in serum zinc level of 

39.3µg/dL, where as in Patthan females, the supplemented group showed an increase 

up to 37.3 µg/dL serum zinc level. The overall increase in serum zinc level for Punjabi 

group was 34.6µg/dL. The Punjabi males of the zinc supplemented group showed an 

increase of serum zinc level up to 31.4 µg/dL in comparison to control group. Similarly, 

in the Punjabi females, there was a 37.4 µg/dL increase in serum zinc level in the zinc 

supplemented group. In Urdu speaking, the zinc supplemented group showed 37.3 

µg/dL increases in serum zinc level as compared to control group. Male and female 

treatment groups showed an increase of 35.8 and 38.5 µg/dL serum zinc levels, 

respectively as compared to their respective control groups. For different duration of 

diabetes (0-2, 3-5, 6-10, and for ˃10 years), initial serum zinc level was 55.2±4.7, 

53.4±4.4, 55.8±5.4 and 54.9±5.6 µg/dL, respectively. After zinc supplementation for 

three months, they showed 93.8, 90.05, 94.6 and 91.8 µg/dL serum zinc levels 

respectively (Figure 3). Monthly change in serum zinc level at the end of study in both 

age groups 35-55 and 56-75years of different ethnic backgrounds is shown in (Figure 

4). Zinc supplemented group having age 35-55 years show average serum zinc levels 

of 93.5µg/dL, while for age 56-75 years, it is 91.6 µg/dL(p<0.001) respectively. It 

seems that the age, duration of diabetes and ethnicities have no effect on serum zinc 

concentration in the zinc supplemented group. 
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Figure 1: Mean ± SD change in serum zinc (µg/dL) gender wise in control vs. zinc supplemented 

group. *** Most significant. 
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Figure 2: Mean ± SD change in serum zinc (µg/dL) by ethnicity in control vs. zinc supplemented 

group. *** Most significant. 
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Figure 3: Mean ± SD change in serum zinc level (µg/dL) by different duration of diabetes in control 

vs. zinc supplemented group. *** Most significant. 
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Figure 4: Mean ± SD change in serum zinc level (µg/dL) by age groups in control vs. zinc 

supplemented group. *** Most significant. 

 

 

 

 

 

 

 

  

 

 

 

 

4.2. Effect of Zn supplementation on serum insulin level in diabetic patients 

Insulin level enhancements in different variables are given in (Figures 5, 6, 7, and 8). In the 

zinc supplemented group, mean serum insulin level for males was increased from 7.7 to 8.8 

µIU/mL, while in females it was increased from 7.6 to 8.6 µIU/mL respectively (Figure 5). 
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Control group depicts no such change in serum insulin level. Among ethnic groups the mean 

serum insulin level was decreasing in the order of 10.8 > 7.9 > 7.4µIU/mL for Patthan, Punjabi, 

and Urdu speaking groups respectively at the end of the study (Figure 6). Different duration of 

diabetes (0-2, 3-5, 6-10, and ˃10 years) revealed an overall increase in mean serum insulin 

level in zinc supplemented group as 7.7, 9.1, 8.9, and 8.3µIU/mL (Figure 7). For 35-55 years 

age group, the mean serum insulin level was raised at the end of the third month from 7.3 to 

8.3µIU/mL, while 8.2 to 9.2 in age group of 56-75 years as shown in (Figure 8). 
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Figure 5: Mean ± SD change in serum insulin level (µIU/L) gender wise in control vs. zinc 

supplemented group. * less significant. 
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Figure 6: Mean ± SD change in serum (µIU/L) level by ethnicity in control vs. zinc supplemented 

group. * less significant. 
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Figure 7: Mean ± SD change in serum insulin level (µIU/L) by different duration of diabetes in control 

vs. zinc supplemented group. * less significant. 
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Figure 8: Mean ± SD change in serum insulin level (µIU/L) by age groups in control vs. zinc 

supplemented group. * less significant. 
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7.9 % in males and 9.0 to 8.4 % in females. An initial mean HbA1c level in the control 

group was 8.7%. In the Patthan ethnic group it was 9.4 % at baseline, however, it was 

reduced to 8.7 % after three months of zinc supplementation (Figure 10). In Punjabi 

zinc supplemented group it was 8.3% at initial day, however, after supplementation it 

was reduced to 7.7 %.In Urdu speaking group initial HbA1c was 8.5% and at the end 

of the third month it was reduced to 8.0%. The percent change was 0.67, 0.6, and 0.56 

% respectively in the decreasing order for Patthan > Punjabi > Urdu speaking groups 

as illustrated in (Figure 10). Reduced HbA1c levels were noted depending upon 

duration of diabetes i-e 0-2, 3-5, 6-10, and ˃10 years (Figure 11). For the age groups of 

35-55 years and 56-75 years HbA1c was obviously reduced from 8.9 to 8.3% and from 

8.6 to 7.9 % respectively (Figure 12). 
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Figure 9: Mean ± SD change in HbA1c (%) gender wise in control vs. zinc supplemented group. 
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Figure 10: Mean ± SD change in HbA1c (%) by ethnicity in control vs.zinc supplemented group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.0

2.0

4.0

6.0

8.0

10.0

12.0

Pathan Punjabi Urdu

Speaking

Pathan Punjabi Urdu

Speaking

Control Zinc Sulphate

H
b

A
1

c 
(%

)

0 day HbA1c (%) 3rd Month HbA1c (%)



77 
 

 

 

Figure 11: Mean ± SD change in HbA1c (%) by different duration of diabetes in control vs.zinc 

supplemented group. 
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Figure 12: Mean ± SD change in HbA1c (%) by age groups in control vs. zinc supplemented 

group. 
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combination with oral hypoglycemic agents depicted significant (p < 0.001) reduction 

in FBG from 178.8 to 157.3 mg/dL in male, while, 189.6 to 166.9 mg/dL in females 

(Figure 13). No significant reduction of FGB in the control group was observed. The 

highest reduction of FBG was observed in Patthan ethnic group 24.60 mg/ dL 

(p<0.001), followed by Urdu speaking22.0 mg/dL (p<0.001) and Punjabi 19.70 mg/dL 

(p<0.001) as shown in (Figure 14). In all durations of diabetes, FBG was significantly 

reduced in a nonlinear pattern (Figure 15). For different age groups, FBG reduction at 

the end of third month follow-up was recorded (Figure 16). In the age group of 35-55 

years more reduction in FBG was observed (Figure 16). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



80 
 

 

 

Figure 13: Mean ± SD change in fasting blood glucose (mg/dL) gender wise in control vs.zinc 

supplemented group. *** Most significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.0

50.0

100.0

150.0

200.0

250.0

Male Female Male Female

Control Zinc Sulphate

F
a

st
in

g
 B

lo
o

d
 G

lu
co

se
 (

m
g

/d
L

)

0 day Fasting Blood Glucose (mg/dL) 3rd Month Fasting Blood Glucose (mg/dL)

*** ***



81 
 

 

 

Figure 14: Mean ± SD change in fasting blood glucose (mg/dL) by ethnicity in control vs.zinc 

supplemented group. *** Most significant. 
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Figure 15: Mean ± SD change in fasting blood glucose (mg/dL) by different duration of diabetes in 

control vs. zinc supplemented group. *** Most significant. 
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Figure 16: Mean ± SD change in fasting blood glucose (mg/dL) by age group in control vs zinc 

supplemented group. *** Most significant. 
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(Figures 17-24). Results revealed that systolic and diastolic BP was significantly 

reduced in both male and female zinc supplemented group, while, the control group did 

not show significant attenuation in systolic and diastolic BP (Figures 17, 21). An 

average reduction in systolic BP was 9.4 mmHg in zinc supplemented group (Figure 

18). On the other hand, diastolic BP was also significantly reduced in the supplemented 

group with average attenuation of 6.8 mmHg. Similarly systolic and diastolic BP was 

also noticed to drop statistically significantly, when evaluated for different duration of 

diabetes as illustrated in Figures 19 and 23.Both systolic and diastolic BP were 

statistically evaluated according to age groups (35-55, and 56-75). Systolic BP was 

reduced about 9.2 mmHg, while, diastolic BP was 6.9 mmHg as shown in Figures 20 

and 24.  
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Figure 17: Mean± SD change in systolic blood pressure (mmHg) gender wise in control vs.zinc 

supplemented group. ** Intermediate significant. 
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Figure 18: Mean ± SD change in systolic blood pressure (mmHg) by ethnicity in control vs.zinc 

supplemented group. ** Intermediate significant. 
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Figure 19: Mean ± SD change in systolic blood pressure(mmHg) by different duration of diabetes 

control vs. zinc supplemented group. * less significant. 
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Figure 20: Mean ± SD change in systolic blood pressure (mmHg) by age group in control vs. 

zinc supplemented group. ** Intermediate significant. 
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Figure 21: Mean ± SD change in diastolic blood pressure (mmHg) gender wise in control vs. 

zinc supplemented group. * less significant. 
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Figure 22: Mean ± SD change in diastolic blood pressure (mmHg) by ethnicity in control vs.zinc 

supplemented group. * less significant. 
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Figure 23: Mean ± SD change in diastolic blood pressure (mmHg) by different duration of diabetes 

control vs zinc supplemented group. * less significant. 
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Figure 24: Mean ± SD change in diastolic blood pressure (mmHg) by age group in control vs.zinc 

supplemented group. * less significant. 
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supplemented group, while in control group reduction was 0.1mmol/L (Figure 25). All 

studied ethnic groups also display attenuation in TC by an average 0.8 mmol/L in 

Patthan, and Urdu speaking groups, while 0.7mmol/L in Punjabi ethnic group, however 

control groups of the same ethnicities showed non-significant reduction (Figure 26). In 

different duration of diabetes TC was significantly reduced with an average 0.8 mmol/L 

reduction as shown in (Figure 27). During this study mean TC in age groups were 

significantly reduced about 0.75 mmol/L (Figure 28), while, the control group showed 

a mean reduction of 0.1 mmol/L which was statistically non-significant. 
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Figure 25: Mean ± SD change in total cholesterol (mmol/L) in male and female control vs zinc 

supplemented group. * less significant. 
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Figure 26: Mean ± SD change in total cholesterol (mmol/L) by ethnicity in control vs zinc 

supplemented group. * less significant. 
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Figure 27: Mean ± SD change in total cholesterol (mmol/L) by different duration of diabetes in 

control vs zinc supplemented group. * less significant.  
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Figure 28: Mean ± SD change in total cholesterol (mmol/L) by age group in control vs zinc 

supplemented group. * less significant. 

 

 

 

 

 

 

 

 

 

 

 

 

4.7. Estimation of body mass index 

Body Mass Index (BMI) was also one of the parameters of the studied groups. No 

significant reduction was observed in BMI as shown in (Figure 29). Both genders of 

control and zinc supplemented groups depict similar attenuation in BMI. Therefore, 

graphically BMI was only mentioned for male and females.  
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Figure 29: Mean ± SD change in BMI (Kg/m2) gender wise in control vs. zinc supplemented group. 

 

 

 

 

 

 

 

 

 

 

4.8. Effect of zinc supplementation on serum creatinine 

Serum creatinine (SC) was also measured for all diabetic patients during the study. 

Baseline SC for the different ethnic groups is illustrated in Table 4.3. After three months 

of zinc supplementation comparative non-significant reduction in serum creatinine 

level was observed for all studied variables.  
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Along with the above mentioned parameters dietary intakes were calculated to measure 

the total energy consumption of all the patients through a questionnaire. The daily 

dietary intake of food and selected nutrients are shown in Table 4.4, stratified by gender. 

The difference between genders was such that, nutrient consumption was higher in male 

than female. It was also revealed from the results that, the Patthan ethnic group 

consumes more nutrients compared to Punjabi, and Urdu speaking groups. Ca+2intakes 

were higher in the Urdu speaking group, 402.55±23.51 mg/day. The protein intake was 

significant in Patthan (p<0.0322), and Punjabi (p<0.0446), carbohydrates in Patthan 

with the significance of (p<0.0449). Significant difference in iron intake was observed 

in all ethnicities. Dietary intake of zinc was comparatively lower in Patthan, while 

higher in Urdu speaking as shown in Table 4.5. 

 

 

 

 

 

 

 

 

 

 

 

Table 4.4: Mean ±SD of 24 hours food intake history by gender and ethnic group for 12 weeks. 

Food and 

Nutrients 

Intake 

Patthan Punjabi Urdu speaking 

Male Female Male Female Male Female 

Food Energy 
(K.cal/day) 

1877±201.4     1792±191.1 1867±211.9 1801±235.1 1802±209.4 1826±231.8 

Protein 
(gm/day) 

 43.3±7.2 40.6±5.2 38.3±6.5 36.4±5.0 37.3±6.7 40.7±4.6 
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Lipid (Fat) 
(gm/day) 

80.3±12.7 73.9±12.7 77.3±10.0 72.1±10.3 68.9±9.3 71.2±9.7 

Carbohydrat
e (gm/day) 

211.1±19.5 237±20.4 202.9±18.6 208.5±19.4 191.1±17.1 196.8±16.9 

Fiber 

(gm/day) 

4.7±1.1 4.9±2.2 4.0±1.08 4.1±1.42 5.09±1.1 4.8±1.3 

Calcium 

(mg/day) 

398.2±22.3 407.8±21.4 388.4±20.5 392.7±21.9 392.7±18.2 402.5±23.5 

Iron 
(mg/day) 

6.7±1.6 7.3±2.4 6.1±2.0 5.8±1.8 5.4±1.1 5.8±1.9 

Zn (mg/day) 6.8±1.0 6.1±1.0 6.9±2.0 6.6±1.8 7.1±1.1 6.7±1.9 

Iodine 
(µg/day) 

98.4±10.3 83.1±11.4 101.8±11.9 87.9±9.9 96.8±10.1 87.1±10.6 

Thiamine  

(B1) (mg 

/day) 

0.6±0.2 0.5±0.1 0.6±0.0 0.6±0.1 0.5±0.5 0.5±0.0 

Riboflavin 

(B2)(mg/day) 

0.8±1.0 0.8±0.3 0.8±0.5 0.7±0.1 0.8±0.8 0.8±0.2 

Niacin (B3) 
(mg/day) 

11.6±2.3 9.9±2.1 12.7±2.9 9.8±2.2 12.1±1.9 8.4±2.0 

Vit. C. 
(mg/day) 

25.9±1.1 21.9±2.9 23.9±2.3 24.6±1.1 23.1±1.4 21.9±1.5 

Vit. A. 

(µg/day)  

298.3±0.7 302.3±1.2 291.3±0.2 285.6±2.1 283.3±0.6 279.4±1.9 

Total 

cholesterol 
(mg/day) 

123.5±19.6 107.2±18.4 131.6±19.8 134.5±16.9 127.4±20.8 132.8±21.4 

 

 

 

 

 

 

 

 

Table 4.5: Mean change in dietary intake among males and females. 

Food and Nutrients 

Intake 

Patthan Punjabi Urdu speaking 

Mean change ap-value Mean change bp-value Mean change cp-value  

Food energy 

(K.cal/day) 

85 <0.052 

 

66 <0.072 

 

-24      <0.042 

Protein (gm/day) 2.7 <0.032 

 

4.8 <0.045 

 

-3.4 <0.051 
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Lipid (Fat) (gm/day) 6.4 <0.064 

 

5.2 <0.058 

 

-2.9 <0.062 

Carbohydrate 

(gm/day) 

-25.9 <0.045 

 

-5.6 <0.065 

 

-5.7 <0.074 

Fiber (gm/day) -0.2 <0.081 

 

-0.1 <0.073 

 

0.2 <0.089 

Calcium (mg/day) -9.6 <0.101 

 

-4.3 <0.066 

 

-9.9 <0.071 

Iron (mg/day) -0.7 <0.009 

 

0.3 <0.026 

 

-0.4 <0.007 

Zn (mg/day) 0.7 <0.705 

 

0.3 <0.183 

 

0.3 <0.122 

Iodine (µg/day) 15.4 <0.019 

 

13.9 <0.064 

 

9.7 <0.054 

Thiamine  (B1) (mg 

/day) 

0.1 <0.289 

 

0.0 <0.089 

 

0.0 <0.102 

Riboflavin 

(B2)(mg/day) 

0.6 <0.143 

 

0.1 <0.099 

 

0.0 <0.111 

Niacin (B3) 

(mg/day) 

1.8 <0.038 2.9 <0.031 

 

3.7 <0.028 

Vit. C. (mg/day) 4 <0.043 

 

-0.7 <0.068 

 

1.0 <0.071 

Vit. A. (µg/day)  -4.1 <0.088 

 

5.7 <0.107 

 

3.9 <0.092 

Total cholesterol 

(mg/day) 

16.3 <0.175 

 

-2.9 <0.271 

 

-5.4 <0.042 

P≤0. 05 was considered as significant, at 95% C.I. superscript ap-value of Patthan male and female, bp-

value of Punjabi male and female, and cp-value of Urdu speaking male and female. 

 

 

 

 

 

 

 

 

 

 

 

4.9.   Homeostasis model assessment 

Along with other variables Homeostasis Modal Assessment (HOMA) parameters were 

also calculated. HOMA parameters include HOMA-IR and HOMA-β. HOMA-IR is 

used for insulin resistance and HOMA-β is for efficiency of β- cell function. HOMA-
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IR was calculated from the reading of fasting insulin and fasting blood glucose by the 

formula mentioned below (Matthews et al., 1985). 

HOMA − IR =
(Fasting blood glucos × Fasting insulin )

405
 

Similarly, HOMA-β was also calculated by the formula (Wallace, Levy, & Matthews, 

2004). 

HOMA − β =
(360 × serum insulin)

(Fasting blood glucose − 63)
 

Mean ±SD baseline HOMA-IR and HOMA-β for different ethnic groups, gender, 

supplemented and control groups are shown in Table 4.6. The mean change in HOMA-

IR and HOMA-β are described in Table 4.7. The improved cutoff values are described 

in Table 4.8 and Table 4.9. 

Overall Patthan ethnic group showed comparatively greater reduction in HOMA-IR -

and enhancement in β-cell function. We found an overall reduction in HOMA-IR, in a 

pattern of Patthan > Urdu speaking > Punjabi with the significance of (p<0.001), 

(p<0.0001) and (p<0.0129), respectively. HOMA-β was improved significantly 

(p<0.0049), (p<0.0142), and (p<0.0231) in Patthan, Punjabi, and Urdu speaking groups 

respectively. The overall baseline cutoff value of HOMA-IR in Patthan ethnic group at 

95% CI was 3.28, AUC 0.70, Punjabi 4.11, AUC 0.60, in Urdu speaking 4.44, AUC 

0.66. 

Table 4.6: HOMA-IR and HOMA-β in diabetic patients influenced by zinc 

supplementation, ethnicity and gender. 

Ethnic 

groups 
Groups 

                 HOMA-IR                HOMA-β 

    0 day  3rdmonth     0 day   3rd month 

Patthan Case            5.8±4.9 5.1±4.3 33.2±27.4 44.6±41.1 
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(n = 33) Control       3.5±2.8 3.5±2.8 28.4±25.9 28.6±26.3 

Male  

 

Case       2.8±2.2 2.5±2.0 20.6±11.8 26.3±13.8 

Control  2.9±1.9 2.9±1.9 20.0±8.5 19.9±8.5 

Female  

 

Case      8.8±5.1 7.6±4.5 45.8±33.1 62.9±51.4 

Control  4.0±3.4 4.0±3.4 35.8±33.8 36.3±34.3 

Punjabi 

(n = 32) 

Case        3.0±4.1 2.7±3.8 16.6±4.7 21.0±4.9 

Control   3.1±2.5 3.1±2.5 21.1±3.4 21.9±4.1 

Male  

 

Case       2.4±3.1 2.1±2.8 15.4±4.6 20.3±5.3 

Control  3.2±3.1 3.1±3.0 20.6±3.8 21.3±4.4 

Female  

 

Case       3.5±4.9 3.3±4.6 17.7±4.9 21.7±4.8 

Control  3.1±1.8 3.1±1.8 21.6±2.9 22.6±3.8 

Urdu 

speaking 

 (n = 36) 

Case        2.8±2.3 2.5±2.1 17.9±5.8 22.9±7.3 

Control   3.0±1.9 3.0±1.9 20.7±3.9 21.4±4.7 

Male  Case     3.0±2.6 2.7±2.3 18.5±5.7 23.1±6.4 

 Control  3.7±2.6 3.7±2.6 19.6±4.2 19.4±4.1 

Female  Case      2.5±2.2 2.2±1.9 17.3±6.1 22.8±8.5 

 Control  2.5±1.0 2.4±0.9 21.5±3.9 23.0±4.9 

Overall individual  

(n=101) 

Case (n = 55)  3.8± 4.0 3.4± 3.6 22.5± 17.6 29.4± 25.9 

Control (n=46)  3.2± 2.4 3.2± 2.3 23.4± 15.3 24.0± 15.6 

                    Mean ±SD (95% C.I) 

 

 

 

 

 

Table 4.7: Mean ± SD of change in HOMA-IR and HOMA-β, stratified by ethnicity and 

gender. 

Ethnic 

groups 
Groups 

  ∆ HOMA-IR                 ∆ HOMA-β 

0 day to 3rd 

month 

Case vs. 

Control 

Mean diff  

(P-value) 

0 day 3rd 

month 

Case vs. 

Control 

Mean diff  

(P-value) 
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Patthan 

(n = 33) 

Case            -0.7±4.6 -0.7 

(<0.001) 

11.4±34.2 11.2           

(<0.005) 
Control       -0.0±2.8 0.2±26.1 

Male  

 

Case       -0.3±2.12 -0.2 

(<0.017) 

5.7±12.8 5.8          

(<0.000) 
Control  -0.0±1.91 -0.1±8.5 

Female  

 

Case       -1.2±4.8 -1.1  

(<0.004) 

17.1±42.3 16.6 

(<0.025) Control  -0.0±3.4 0.5±34.0 

Punjabi 

(n = 32) 

Case        -0.3±3.9 -0.2 

(<0.013) 

4.4±4.8 3.6        

(<0.014) 
Control   -0.1±2.4 0.8±3.7 

Male  

 

Case       -0.3±2.9 -0.2    

(<0.132) 

4.9±4.9 4.2            

(0.000) 
Control  -0.1±3.1 0.7±4.1 

Female  

 

Case       -0.3±4.7 -0.2 

(<0.079) 

4.0±4.8 3.7         

(<0.002) 
Control  -0.0±1.8 0.9±3.4 

Urdu 

speaking 

 (n = 36) 

Case        -0.3±2.2 -0.3 

(<0.000) 

5.1±6.5 4.3           

(<0.023) 
Control   -0.0±1.9 0.7±4.3 

Male  Case      -0.3±2.3 -0.3 

(<0.004) 

4.6±6.0 4.8 

(<0.042) 

 Control  0.0±2.6 -0.2±4.1  

Female  Case      -0.3±2.0 -0.2 

(<0.016) 

5.5±7.2 4.03 

(<0.005)  Control  -0.1±1.0 1.5±4.3 

Overall 

individual  

 

 

 (N=101) 

Case     

(n = 55)  

-0.4± 3.8 -0.4 

(<0.019) 

6.9± 21.8 6.4 

(<0.001) 

Control 

(n=46)  
-0.0± 2.3 0.6± 15.4 

 

 

 

 

 

 

 

 

Table 4.8: AUC and cutoff for HOMA-IR by gender for ethnic groups. 

Ethnic Groups Gender 

HOMA-IR at 0 day HOMA-IR at 3rd month 

Cutoff 

(Sens, 1-

Spec) 

AUC (P-

value) (95% 

C.I) 

Cutoff 

(Sens, 1-Spec) 

AUC (P-value) 

(95% C.I) 

Patthan Overall 3.3 0.7 (0.3) 3.2 0.6 (0.4) 
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(n = 33) (0.6 , 0.3) (0.4 , 0.8) (0.6 , 0.3) (0.4 , 0.8) 

Male 

(n = 16) 

3.3 0.7 (0.9) 3.21 0.5 (0.8) 

(0.8 , 0.6) (0.2 , 0.8) (0.1 , 0.0) (0.2 , 0.8) 

Female 

(n = 17) 

3.6 0.7 (0.1) 3.4 0.7 (0.1) 

(0.8 , 0.2) (0.5 , 0.9) (0.8 , 0.3) (0.5 , 0.9) 

Punjabi 

(n = 32) 

Overall 
4.1 

(0.2 , 0.1) 

0.6 (0.0*) 4.1 

(0.2 , 0.1) 

0.3 (0.0) 

(0.1 , 0.7) (0.1 , 0.4) 

Male 

(n = 16) 

3.2 0.6 (0.3) 3.1 

(0.7 , 0.6) 

0.3 (0.2) 

(0.8 , 0.6) (0.0 , 0.6) (0.0 , 0.6) 

Female 

(n = 16) 

4.7 0.6 (0.1) 4.7 0.2 (0.1) 

(0.2 , 0.1) (0.1 , 0.6) (0.2 , 0.1) (0.0 , 0.5) 

Urdu speaking 

(n = 36) 

Overall 
4.4 0.7 (0.3) 4.4 0.4 (0.2) 

(0.2 , 0.1) (0.2 , 0.7) (0.2 , 0.1) (0.2 , 0.6) 

Male 

(n = 17) 

3.3 0.7 (0.6) 3.1 0.4 (0.6) 

(0.9 , 0.7) (0.1 , 0.7) (0.9 , 0.7) (0.1 , 0.7) 

Female 

(n = 19) 

4.2 0.6 (0.4) 4.2 0.4 (0.3) 

(0.3 , 0.0) (0.1 , 0.6) (0.3 , 0.0) (0.1 , 0.6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.9: AUC and cutoff for HOMA-β by gender for ethnic groups. 

Ethnic Groups Gender 

HOMA-β at 0 day HOMA-β at 3rd month 

Cutoff 

(Sens, 1-Spec) 

AUC (P-value)  

(95% C.I) 

Cutoff 

(Sens, 1-Spec) 

AUC (P-value) 

(95% C.I) 

Patthan 

(n = 33) 

Overall 
34.9 0.5 (0.7) 31.6 0.6 (0.2) 

(0.3 , 0.1) (0.3 , 0.7) (0.4 , 0.1) (0.4 , 0.8) 

Male 20.4 0.5 (0.9) 19.9 0.6 (0.4) 
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(n = 16) (0.6 , 0.3) (0.2 , 0.8) (0.8 , 0.4) (0.8 , 0.9) 

Female 

(n = 17) 

34.3 0.6 (0.6) 40.1 0.6 (0.4) 

(0.6 , 0.1) (0.3 , 0.9) (0.6 , 0.1) (0.3 , 0.9) 

Punjabi 

(n = 32) 

Overall 
29.5 0.3 (0.1) 30.8 0.4 (0.4) 

(0.1 , 0.0) (0.1 , 0.5) (0.1 , 0.0) (0.2 , 0.6) 

Male 

(n = 16) 
- 

0.3 (0.1) 28.4 0.4 (0.6) 

(0 , 0.5) (0.2 , 0.1) (0.1 , 0.7) 

Female 

(n = 16) 

28.3 0.3 (0.2) 30.8 0.4 (0.4) 

(0.1 , 0.0) (0.0 , 0.6) (0.1 , 0.0) (0.1 , 0.7) 

Urdu Speaking 

(n = 36) 

Overall 
30.1 0.4 (0.3) 31.3 0.5 (0.9) 

(0.1 , 0.0) (0.2 , 0.6) (0.2 , 0.0) (0.3 , 0.7) 

Male 

(n = 17) 

20.3 0.5 (0.8) 24.1 0.6 (0.6) 

(0.3 , 0.1) (0.19 , 0.7) (0.4, 0.1) (0.3 , 0.8) 

Female 

(n = 19) 

30.1 0.4 (0.4) 31.3 0.5 (0.8) 

(0.2 , 0.0) (0.1 , 0.7) (0.3 , 0.0) (0.2 , 0.8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 5             

DISCUSSION 

On the burning issue of ethnicity biomedical scientists obviously have different 

opinions. Schwartz, (2001) characterized it as "biologically worthless". According to 

Haga & Venter, (2003), it has no scientific proof. Whereas others, believe that ethnicity 
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decides about medical treatment or the design of research studies (Risch, 2002). 

Coming to the point Oldroyd et al., (2005) described that ethnicity has a prominent 

effect on diabetes prevalence, incidence, management, and pharmacological treatment. 

Hence, we postulate a possible relationship between ethnicity and serum zinc levels in 

diabetic patients, at baseline and after zinc supplementation. For this purpose we 

studied the baseline serum zinc levels, and respective glycemic parameters, like serum 

insulin, HbA1c, FBG, total cholesterol, serum creatinine, BMI, waist circumference, 

hypertension, β-cell efficiency, insulin sensitivity and insulin resistance in diabetic 

individuals. 

This is an established fact that diabetic patients experience severe zinc deficiency which 

may be due to hyperzincuria, or lower absorption from the routine dietary intake of zinc 

(Simon and Taylor, 2001, Al-Maroof and Al-Sharbatti, 2006). A clear picture of 

hyperzincuria in diabetic humans and animals has yet to be identified. However, a 

postulate has been developed from previous studies that hyperzincuria is directly 

proportional to urine volume and polyuria which is a symptom of diabetes mellitus 

(Canfield et al., 1984, Lau and Failla, 1984, Awadallah et al., 1978). Glycosuria and 

proteinuria are additional aspects that are associated with hyperzincuria (Kinlaw et al., 

1983, Quilliot et al., 2001). Some genetic disorders like in Acrodermatitis enteropathica 

(AE) mutation of intestinal zinc transport protein hZIP-4 leads to impairment of zinc 

absorption (Küry et al., 2002, Wang et al., 2002). In Wilson’s disease an increased 

accumulation of copper lead to depletion in zinc level, the condition could be reversed 

with consistent zinc supplementation Brewer et al. (1994). Down syndrome, is 

normally linked with reduced plasma zinc levels Fabris et al. (1984), but we did not 

evaluate these diseases during the current study. Keeping in consideration a number of 

reasons for hypozincemia, an individual can be considered as zinc deficient, if his serum 
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zinc level is below 70µg/dL. In this study, Pakistani diabetic patients showed nonlinear 

and low serum zinc levels at baseline and confirmed that diabetic patients are zinc 

deficient. These low serum zinc levels in diabetic patients were consistent with previous 

studies (Kinlaw et al., 1983, Niewoehner et al., 1986). Baseline results of serum zinc, 

HbA1c%, FBG, serum creatinine and total cholesterol were not in the normal ranges. 

The participants in our study other than normal controls were diabetic patients, 

according to the criteria stipulated by the American Diabetes Association ADA, (2006). 

It was also observed that, at baseline results were uneven; hence our assumption about 

variation in overall glycemic parameters among ethnicities was also confirmed. All 

these parameters were studied in the participants for three months with the oral 

supplementation of zinc at the rate of 20 mg/day to the intervention diabetic group in 

combination with the oral hypoglycemic drug while placebo plus oral hypoglycemic 

drug was given to the control group, we again noticed unlike results. Zinc 

supplementation in combination with oral hypoglycemic drugs caused a significant rise 

in serum zinc levels in all ethnic groups and this enhancement of serum zinc in our 

diabetic target groups was supported by previous reports (Marchesini et al., 1998). 

Moreover, different ethnic groups, gender, and patients with different duration of 

diabetes showed diverse response to serum zinc absorption. It is an understood fact that 

if the baseline serum zinc is already higher in any group, then after zinc 

supplementation the pattern will remain same. Our findings were also consistent with 

this phenomenon; however the absorption pattern was not following this phenomenon. 

As baseline serum zinc was initially higher in Urdu speaking, so after three months of 

zinc supplementation the mean serum zinc level in Urdu speaking group was greater 

than Patthan and Punjabi groups, but overall absorption of zinc from the first 

intervention dose till end of third month was higher in the Patthan group during the 
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interval of three months zinc supplementation. When this speculation was extended to 

other parameters our results showed a consistent pattern, i.e. the more zinc absorption 

the more improvement in glycemic parameters like HbA1c, FBG, serum insulin and 

total cholesterol as explained below. 

Likewise, we also observed a consistent association between serum zinc rise and serum 

insulin elevation in all ethnic groups. Moreover the greater enhancement of serum 

insulin level in Patthan, Punjabi, and Urdu speaking may be linked to higher serum zinc 

absorption. Our results are in accordance with the reports of Gunasekara et al. (2011) 

who described the beneficial effect of zinc on overall glycemic control, also 

improvement in FBG, and serum cholesterol levels, considering that zinc has a key role 

in insulin synthesis, storage, release, action, carbohydrate metabolism(Jindal et al. 

1992). Zinc presents decline in glucagon and glucose-6-phosphatase levels (Hegazi et 

al. 1992). Moreover, zinc supplementation also enhances concentration of insulin like 

growth factor (IGF-1) in type 2 diabetic patients (Blostein-Fujii et al., 1997). The 

insulinomimetic effect of zinc was indicated by Ezaki, (1989), who reported zinc 

translocate glucose transporter (GLUT) to the plasma membrane, that resulted in an 

increase in glucose uptake in the tissue cells, leading to reduced blood glucose levels. 

Furthermore this fact was also confirmed by Tang and Shay, (2001), with the evidence 

that zinc increased glucose transport into cells via an insulin signaling pathway. 

Enhancement of glucose transport in adipocytes takes place in a dose dependent manner 

(Shisheva& Shechter, 1992) and the inhibition of glucagon release from α-cells by 

intracellular zinc is another reason for attenuation of blood glucose level 

(Gyulkhandanyan et al., 2008). Zinc is known to stimulate glycolysis and hinder 

gluconeogenesis, an effect that is overcome by the existence of glucagon (Brand & 

Kleineke, 1996; Shisheva et al., 1992). Despite many  previous studies supporting zinc 
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impact on glycemic control in T2D, a number of studies conclude less or no impact of 

zinc on glycemic control, except serum zinc enhancement (Schwartz et al., 2001). 

Results demarcate that FBG levels were significantly reduced in all ethnic groups, as 

serum zinc has a key impact on overall glycemic control and FBG as pointed out by Oh 

and Yoon, (2008). Serum zinc levels were inversely proportional to FBG. In this case 

again the reduction pattern was such that the higher the zinc absorption, the higher the 

FBG reduction, however, at the end of three months the FBG levels in all ethnic groups 

were still above the normal range of >126mg/dL. These findings are in line with the 

reports of Kuzuya, (2000). 

The percnt HbA1c level, which is an important biomarker of glycemic control, was also 

evaluated in this study. The HbA1c levels of all participants in the study were ≥8.5%, 

and thus represented poor glycemic control, with oral hypoglycemic alone, so an 

intense pharmacological intervention is required. The level of HbA1c, according to the 

American diabetes association (ADA) should be less than 7% (Mellitus, 2002). The 

HbA1clevel ≥ 7.0% needs pharmacological intervention in type 2 diabetes (Control and 

Group, 1993, Khaw et al., 2004). The effect of zinc in HbA1c % reduction has already 

been observed (Al-Maroof and Al-Sharbatti, 2006) that, might have negative effects on 

HbA1c% in T1DM (Cunningham et al., 1994, Sena et al., 2005). On the other hand, 

some studies have not successfully established a positive association between zinc and 

T2DM or its prevention (Niewoehner et al., 1986, Beletate et al., 2007). However, in 

support of previous studies, we also found that after zinc supplementation for three 

months HbA1c% levels were reduced in all ethnic groups; Patthan, Punjabi and Urdu 

speaking groups in comparison to the control of the same ethnic groups. In Punjabi and 

Urdu speaking females HbA1c% reduction was found greater as compared to male and 

their counterpart control groups, suggesting that ethnicity as well as gender might have 
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their effect on the modulation of HbA1c% reduction. The uneven reduction in HbA1c% 

of different ethnic groups could be related to genetic differences in the hemoglobin 

concentration, rates of glycation, and lifespan of red blood cell (Anand et al., 2003). 

Beside the above reason, zinc absorption irrespective of overall serum zinc level is 

related to HbA1c% reduction, as we previously discussed, and from this perception we 

propose that, more the extrinsic zinc absorption, more will be serum insulin 

enhancement that will result in greater mean FBG, and HbA1c% reduction. Similar age 

group of different ethnicities showed distinct HbA1c% reduction. HbA1c% reduction 

in Patthan and Punjabi with similar age group 35-55 years were found dissimilar than 

Urdu speaking further confirmed our assumptions.Our findings are consistent with the 

reports of other researchers (Roussel et al., 2003). Though, the overall reduction in 

HbA1c% in zinc supplemented group as compared to control group in all ethnic groups 

(Patthan, Punjabi and Urdu speaking) was lesser; however, the higher the HbA1 % 

creduction in Patthans as compared to Punjabi, and Urdu speaking participants may be 

attributed to higher zinc absorption in the Patthan group than other ethnicities. Our 

observations as well as other reported data reveal that different ethnic groups have 

different sensitivity and specificity for HbA1c %,which may be due to genetic 

differences in terms of hemoglobin concentration, rates of glycation, and lifespan of 

red blood cells (Anand et al., 2003). The reduction was 0.7% in the zinc supplemented 

group as compared to control group. Similar results were observed by other researchers 

that when a same dose of zinc supplement were given to diabetic patients, they showed 

different response. For instance, a dose of 30 mg/day zinc supplementation in Tunisian 

adults, gave 1.2% reduction in mean HbA1c% at the end of the study (Roussel et al., 

2003), while Iraqi population showed a reduction of 0.3% in HbA1c% (Al-Maroof and 

Al-Sharbatti, 2006). Similarly, in Sri Lankan T2D patients the mean HbA1c% reduction 
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was 0.91% with same zinc dose (Gunasekara et al., 2011). In another study a dose of 

660 mg/day zinc sulfate was used in Iranian population for reduction of HbA1c%, they 

showed a mean reduction of 0.78% (Afkhami-Ardekani et al., 2008). From these 

findings, we can infer that ethnicity may have a linear association to zinc metabolism 

and its impact on HbA1c%. An increased urinary loss of zinc with long duration of 

diabetes was established and discussed previously, however, we have also observed the 

fact that with increased duration of diabetes HbA1c% levels also increased, that might 

be due to hypozincemia in diabetes. 

Hypertension is about twice as common in diabetes as in non diabetic patients. Insulin 

resistance is one of the key factor in increased prevalence of hypertension. The mean 

systolic and diastolic BP of diabetic patients selected in our study were attenuated 

significantly (p≤0.001). Previously reported data also showed a reduction in BP, which 

also support our findings  (Farvid et al., 2004, 2005). In an other study Parham et al., 

(2008) believe in non-significant depletion in systolic and diastolic BP with zinc 

supplementation. In the present studies the selected patients were of three ethnicities 

and  when their BP was compared with each other, it was seen that the BP reduction 

was directly proportional to zinc absorption after three months of oral supplementation. 

Despite the fact that the baseline serum zinc in Urdu speaking group was higher, still 

there was a comparative poor glycemic control in this group. It might be due to non-

functionality of zinc transport protein ZnT8, as previously seen in European and 

Chinese diabetic population (Kommoju & Reddy, 2011; Saxena et al., 2007; Sladek et 

al., 2007). In the current study a substantially positive, but uneven correlation between 

serum zinc elevation and total cholesterol reduction in all ethnic groups was observed, 

however, irrespective of ethnicity, previously this correlation has already been 

documented by Kadhim et al., (2006). Ranasinghe et al.,(2012) also reported a 
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significant reduction in total cholesterol level due to zinc supplementation. Similar 

relation was also observed by Partida et al., (2006). All these reports support our 

conclusion.The results also indicated that the reduction of TC was depended upon zinc 

absorption. It means a Patthan ethnic group showed more serum zinc absorption, that 

could be linked to more TC reduction. On the other handthe control group who received 

placebo did not show a significant reduction in total cholesterol. 

Diabetes, poor glycemic control, higher body mass index and obesity are interrelated 

and they have become public health problems in both developed and developing 

countries (James et al., 2001).The BMI range for Asians are, under  weight ≤ 18.4, 

healthy weight 18.5 - 22.9, over weight (at Risk) 23 - 24.9, over weight (Obese-I) 25 - 

29.9, over weight (obese-II) ≥ 30 Kg/m2 (Roussel et al., 2003).The initial results 

showed that the BMI of control and the zinc supplemented group was in a range of 

overweight. From baseline till three months follow-up during our study, we found no 

significant difference between male and female BMI. Higher BMI was observed in the 

Patthan ethnic group. A statistically significant effect was not found after zinc 

administration in combination with oral hypoglycemic drugs. This was perhaps due to 

the reason that most subjects were overweight in addition to diabetes, and according to 

the information available in the literature, obese males are considered more resistant to 

weight reduction effect (Seidell et al., 1991). The overall non-significant reduction in 

both groups may be due to daily food intake suggestions given to all participants of the 

study, and lifestyle intervention. All patients in the current study were in between age 

35-75 years. We categorized them into two age groups 35-55 and 56-75 years, in order 

to see the impact of zinc supplementation on different age groups. It was observed that 

age group 56-75 years appeared with more serum zinc absorption. Aging and increasing 

duration of diabetes change the metabolism of zinc, trace element concentration may 
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be changed due to hormonal imbalance in different age groups of diabetic patients 

Nsonwu et al., (2006). 

For exploring a precise association between serum zinc enhancement and its impact on 

overall glycemic control as well as reduction of insulin resistance, we investigated the 

HOMA parameters through the standard formula. However, at present, there are no data 

defining the cutoff values of HOMA-IR in Pakistani diabetic patients to identify the 

risk of metabolic syndrome (MetS). However, previous studies conducted for different 

geographic population indicated that cutoff points for HOMA-IR was ≥1.80 in Iranian 

population (Esteghamati et al., 2009) and  ≥ 3.8 in France (Marques-Vidal et al., 2002). 

Another cross-sectional study in a Spanish population showed that the cutoff values for 

diabetic patients were lower than non diabetic patients (Gayoso-Diz et al., 2013). Since 

in our study the individuals were diabetic, in this context the HOMA-IR cutoff values 

were substantially higher (at baseline were 3.28, in Patthan, while > 4 in Punjabi and 

Urdu speaking groups). It is an established fact that the risk of MetS increases as a 

percentile of HOMA-IR threshold increases(Hanley et al., 2003, Bonora et al., 2003). 

Insulin resistance was higher in those who met IDF criteria for MetS. Thus, our focus 

in the present study was to investigate the reduction of insulin resistance in diabetic 

patients. The attenuation in HOMA-IR cutoff is directly related to overall glycemic 

improvement as well as reduction in metabolic complications. Reduction in HOMA-IR 

and its cut-off values from baseline were noted, however the reduction pattern was 

related to the level of serum zinc achievement, i.e. the more serum zinc absorption leads 

to more improvement in glycemic parameters and more HOMA-IR reduction.Marreiro 

et al., (2006) investigated the effect of zinc supplementation on insulin resistance using 

HOMA-IR model in obese women, and they found a reduction in insulin resistance and 

found that zinc enhances insulin concentration. Another aspect in attenuation of 
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HOMA-IR cutoff might be a collective effect of zinc and oral hypoglycemics. It is not 

clear that, either zinc and oral hypoglycemic drug have any synergistic effect or not, 

but it seems that zinc and oral hypoglycemic agents are involved in reducing peripheral 

insulin resistance, increasing peripheral insulin sensitivity, and potentiating insulin-

stimulated glucose transport as indicated by Tang and Shay, (2001). HOMA-β results 

were also significantly improved, and this improvement might be due to the reason that 

zinc has a potential effect on the physiology of β-cells, as reported by Wijesekara et al. 

(2009). A cross-sectional study of pre-diabetic patients from Bangladesh also revealed 

that the pre-diabetic patients in comparison to normal participants were zinc deficient, 

and the lower level of zinc was associated with low β-cells function, and insulin 

resistance (Islam et al. 2013). The reduction in HOMA-IR cut-off, and improvement in 

HOMA-β shows that there is a strong association between serum zinc and insulin 

sensitivity. But the question is whether zinc enhances efficacy of oral hypoglycemic or 

not?  

This study depicts variation in values like serum zinc, serum insulin, HbA1c, FBG, and 

HOMA parameters among Pakistani ethnic groups. This discrepancy maybe due to 

hormonal changes, different food habits as well as genetic variations as previously 

advocated by Nsonwu et al., (2006). When the results were checked for possible 

occurrence of metabolic syndrome (MetS) it was suggested that the mean baseline 

values for various parameters like systolic and diastolic BP, FBG, TC, BMI, and waist 

circumference predicted MetS in the diabetic patients upon comparing with IDF criteria 

(Alberti et al., 2006). In other words, all the patients were at risk of MetS. However, 

the prevalence rate of MetS of participants in this study could not be calculated.It is an 

established fact that insulin resistance is widely believed to be a central feature of the 

MetS, even though the mechanistic link between insulin resistance and most of the 
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components of the MetS is not fully understood. During the current study lifestyle 

intervention was also strongly followed by all patients of zinc supplemented group for 

measuring the maximum glycemic control achievement. We believed that participants 

would strictly follow the instruction regarding attainment of the goals of ≥ 5% reduction 

in weight, by attenuation of fat intake and energy consumption. The energy, and 

nutritional consumption of participants was accessed by calculating their nutritional 

intake through questionnaires. Up to some extent participants reduced many nutrients, 

including carbohydrates from baseline during this period of study. Fiber intake was in 

a range of 3.97-4.99 gm/day, protein intake was also observed in pattern of Patthan > 

Urdu speaking > Punjabi respectively as the use of modest quantity of animal proteins 

can extensively facilitate the efficiency of zinc absorption (Sandstrom et al., 1980). 

From this study it is indicated that the lifestyle intervention in combination with zinc 

supplementation may have a favorable result, as previously a significant impact of 

lifestyle intervention alone in diabetic patients has been reported by earlier researchers 

(Tuomilehto et al., 2001). Similar results have been recorded by Barclay et al., (2008). 

They found effective outcomes of lifestyle modification in terms of increased exercise 

and change in diet in type 2 diabetes/or progression of prediabetes to type 2 diabetes. 

During this study period, all participants control and intervention were instructed to 

regular exercise (30±2 mints/day) for tight glycemic control. The mean exercise time 

of the diabetic patients was insufficient. Thus, we tried to implement these three 

approaches like regular exercise for 30±2 mints/day, zinc supplementation, and low 

glycemic diet in the intervention and control group. In the light of the above findings, 

during this period of study these approaches led us toward beneficial outcomes. So we 

can say that, if a long term study, on all ethnic groups is conducted, it may further 

confirm the results of our study. This has been a quantitative study, and thus its result 
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can be generalized for all ethnic groups of Pakistan.In the present study some untoward 

effects like vomiting, abdominal pain, diarrhea, and constipation were reported which 

cannot be directly linked with zinc supplementation as participants were also taking 

hypoglycemic, antibiotics, and anti-hypertensives drugs.  
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Conclusion and recommendations 

1. 1 The study confirmed that T2D patients were zinc deficient, accompanied by poor 

glycemic control.  

2. This study indicated a favorable improvement in serum zinc, insulin, HbA1c, fasting 

blood glucose, and total cholesterol levels. 

3. HbA1c, fasting blood glucose, and total cholesterol was reduce in different duration of 

diabetes among all ethnicities. Patients with >10 years of diabetic history showed poor 

response for the above parameters. 

4. Ethnicity and food habbit have impect on zinc bioavailabality, serum insulin, HbA1c, 

fasting blood glucose, and total cholesterol reduction. 

5. Serum Zinc absorption was more in Patthans as compared to Punjabi and Urdu speaking 

groups. 

6. There was a consistent association between serum zinc rise and serum insulin elevation 

in all ethnic groups. 

7. FBG levels were significantly reduced in all ethnic groups, as serum zinc has a key 

impact on overall glycemic control. 

8. It was also observed  that with increased duration of diabetes, HbA1c% levels also 

increased, that might be due to hypozincemia in diabetes. 

9. Patthans showed higher HbA1c reduction as compared to Punjabi and Urdu speaking 

which may be attributed to higher zinc absorption in the Patthan group. 
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10.  No significant difference was observed in both age groups for studied variables like 

serum, zinc, insulin, HbA1c, fasting blood glucose, and total cholesterol in all 

ethnacities. 

11. Zinc supplementation did not significantly reduce body mass index, both in 

supplemented and control participants. 

12. Cutoff values of HOMA-IR suggested that all patients were insulin resistant. However, 

zinc supplementation significantly reduced HOMA-IR values. Significant enhancement 

in cutoff values of HOMA-β was also observed.   

13. Most of the data suggested a potential impact of zinc supplementation on glycemic 

control of T2D patients, However, the overall picture showed a relationship between 

zinc and oral hypoglycemic remained unclear.  

14. Long term investigations are required to explore the exact relationship between zinc 

supplementation and glycemic control. Further research study is required to find the 

impact of ethnicities on studied parameters in the zinc supplemented group. 
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