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“To eat is a necessity, biat eat intelligently is an drt
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Abstract

Objectives: To assess thassociation of serum zinoagnesiumiron, copperand dietary habit
amongType 2 diabetesmellitus (T2DM) patientsand correlation with diabetes contrMethods
& Subjects: A casecontrol studyconducted in UNRW/AoperatedSabra & Beach primary health
centers, Gaza Cityrhe cases represented by ®IDM patientswhile thecontrols were0 healhy
subjects.Semi-quantitative food frequency questionnawas used to assess the intake of zinc,
magnesium, iron andopper rich food. Serum zincmagnesiumiron andcopperwere analysed
using a calometriabsorbancenethod Results: The studyrevealedthat normal controlswere
significantly more educated (38.8%) th&BDM patients(21.9%); T2DM patientswere poorer
(61.7%) than normal controls (36.7%) with stastical significancd2DM patients were
significantly heavier (average weight, 88.R§ £18.88) thannormal controls(average weight,
83.62kg £17.11) There are significant differences in diet behavior; 76.7%2BM patientsused
to eattrimmed meatompared to 96.7% aformal controlsand 93.3% off2DM patientsused to
eat skinless chicken comped to 100% ohormal controls 21.7% ofT2DM patientsused to eat
whole grain bread eopared to 8.3% afiormal controlsAlso, 40%, 13.3% off2DM patientaused
to eat watermnlen seeds and almonds respectively compared to 65% and 21n¥erafl controls
Significant physical activity differences shedthat4.8% ofT2DM patientsare ghysically active
on daily basis compared tb4.8% of normal controls The average dietary intake of zinc
magnesium,iron andcoppe rich food showed no significant differaces betweei2DM patients
and normal controls There are significant differencesof averageserum zincbetwee2DM
patientsand normal controls; the average serum of zinis lower in T2DM patients(82.1ug/dl
+8.58)thannormal controlg85.3ug/dl £7.85) Regarding serum magnesilevel, T2DM patients
haveaverage serunevel of magnesiun{2.0 mddl £0.11)lower thanin normal controlg2.04 mg
1+0.17). Howeer, the average serum iron whigher amongT2DM (89.53 ug/dl £11.74 than
normal controls (87.8ug/dl +12.14. Also, the average serum copper level Wager in T2DM
patients (92.32 ugdl£12.69 than normal controls(94.20 ug/dl £17.11 Control of diabetes
measurd by FBS show thab8.3% was poor controllediccording to HbAlc;the poor control
was 71.7%. Poor controlledT2DM patients have lover average serum of magnesi(in®8
mgt0.11)than acceptable normal contr¢®Bs03mg+0.11). Conclusion: The study concluded that
average of serum zinmagnesiurmand coppewerelower in T2DM patients thamormalcontrols
T2DM patientsare less physicallyactive more obesemore than two thds of them are
uncontrolled,less frequently removing fat from meat and chicl@mnsume nuts less fregutly.
Poor controlledT2DM patients consume magnesium and coppechrifood more than the

acceptable diabetic controlhe averagemagnesiumlevel islower in poorly controlled T2DM

Vi



patients than in the acceptable controlled T2DM patigkita the average iroftevel is higher in

pootly controlledT2DM patientghan in theacceptableontrolledT2DM patients.

Key Words: Type 2 diabetes mellitu§BS, HbAlc, zinc, magmsé&um, copper, iron
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Chapter 1

Introduction

Background

Diabetes Mellitus Definition

Diabetes Mllitus (DM) is a metabolic disorder with heteroges aetiologies which is

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

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

al., 2012).

Classification of Diabetes Mellitus

1. Insulin Dependent Diabetes MellitutDPM): Known asType 1 diabete¢T1DM)
results fromb cell destruction, usually leading tabsolute insulin deficiency
(American Diabetic Association [ADAR013).

2. Non Insulin Dependent Diabetes Mellitus (NIDDMnown asType 2 diabetes
(T2DM), a disorder of metabolism, usually involving excess weight iasdlin
resistance. In these patients, the pancreas makes insulin initially, but the body has
trouble using this glucoseontrolling hormone. Eventually the pancreas cannot
produce enough insulin to respond to the

3. Gestatioml Diabdges Mellitus (GDM)refers to the onset or initial recognition of
glucose intolerance during pregnancy, usually in the second or third trimester. It
occurs in about 4% of all pregnancies. Patients witiMiGiave a 30% to 50%
chance of developing DMysuallyT2DM (Bastaki, 2005).

4. Other specific types of diabetes due to otheseaigsuchaggenet i ¢ dalf ect s
function, genetic defects in insulin action, diseases of the exocrine pancreas (such as
cystic fibrosis) and drugor chemicalinduced (sah as in the treatment ¢tuman
Immunodeficiency Virus/Acquired Immunodeficiency SyndromeHI{//AIDS) or
after organ transplantatiomDA, 2013).

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

worldwide were livingwith diabetes, and that 80% of these individuals live im &nd

middleincome countriedt is projected that, by 2030, the number would have risen to 552

million (Amod et al.,2012).



T2DM is a major public health problem, and accounts for more thandGgh diabetes

cases. The insidious and initially asymptomatic nature of the disease results in patients not
seeking early medical attention, so that8%36 of cases of type 2 diabetes remain
undiagnosed. At the time of eventual diagnosis, approximat@dg Bf patients will
already have complications of the disease (Ambdl.,2012)Genetic and environmental
factors contribute to thpathogenesis of diabetes autis as trigger for the disease among
subjects at highisk because of inherited susceptilyiiMasoodet al.,2009).

Diabetes Mellitus and Alterations in Metabolism of Trace Elements

A relationship between DM anthinerals is frequently reported antéteaation in the
metabolism of trace elements like copper (Cu), magnesium (B@ssociated wht

T2DM. Trace elements are accepted as essential for optimum health, because of their
diverse metabolic characteristic and functions. Trace elements participate in production of
reactive oxygen species (ROS), which contribute to oxidative stress. Oxidatbss
contributes to the pathogenesis of many diseases including DM (Shealban2013).

Certain molecules containing ROS, such as the superoxide radical and hydrogen peroxide,
have been shown to inactivate key enzymes of glucose metabolism ihéajlydolytic
pathway and the electron transport chain coupled to oxidative phosphorylation (Emmanuel
et al.,2000)Metabolism of several trace elements is altered in DM and that these nutrients
might have specific roles in the pathogenesis and progrefssoflisease (Kazet al.,

2007).

Zinc and Diabetes Mellitus

Zinc (Zn) is involved in the synthesis, storage, secretion, and conformational integrity of
insulin monomers and that Zn assembles to a dimeric form for storage and secretion as
crystalline insillin. Lower levels of Zn may affect the ability of pancreatic islet cells
responsible for the production and secretion of insulin, such as W2 tgEbetes (Kazet

al., 2007). The predominant effect on zinc homeostasis of diabetes is hypozincemia which
may be the result of hyperzincuria or decreased gastrointestinal absorption of zinc or both
(AI-Timimy & Mahmoud, 2011).



Magnesium and Diabetes Mellitus

Magnesium (Mg)s one of the most abundant intracellular ions with an essential role in
fundamental biological reactions, whose deficiency provokes biochemical and
symptomatic a#trations in the human organig®ales &Pedrosa, 2006Ylagnesium plays

an important role in carbohydrate metabolism. It may influence the release and activity of
insulin, the homone that helps to control blood glucose levels. Low blood levels of
magnesium are frequently seen in individuals with #pdiabetes. Hypomagnesaemia
may worsen insulin resistance. The kidneys possibly lose their ability to retain magnesium
during perias of severe hyperglycemia (significantly elevated blood glucose). The
increased loss of magnesium in urine may then result in lower blood levels of magnesium
(Mishra, 2012).

Iron and Diabetes Mellitus

The central importance of irgfre) in the pathophysiogy of disease is derived from the
ease with which iron is reversibly oxidized and reduced. This property, while essential for
its metabolic functions, makes iron potentially hazardous because of its ability to
participate in the generation of powerfulident species suctsdydroxyl radical(Swami

& Alam, 2007).Excess iron has been implicated in the pathogenesis of diabetes and its
complications. Free iron serves as a catalyst or lipid and protein oxidation and the
formation of reactive oxygen species.dddition, iron indices are correlated with obesity
and insulin sensitivity (Thomas, 2003).

Copper and Diabetes Mellitus

An increase ircopper Cu) concentration has been linked to disorders in the structure of
the arterialwalls, stress, infection, andatbetes mellitugKazi, 2007).Copper acts as a pro
oxidant and may participate in metatalyzedformation of free radicalsThe increased
production of free radicals is likely to be associated with developmd&rf (Shrabani

et al,2013).

Both increasd and decreased Cu levalsre found in diabetic patients,d&ficiency of
copper has been shown to result in glucose intolerance, decreased insulin response;
increased glucose response, which lead to depression the activityZsf Super Oxide
DismutasgSOD), this leads to increase in the amounfreg radicals which result in the
increase in the oxidative damagepther studyound paients with diabetes mellitus have
an increase level of copptratmay stimulate glycation and release of copper amthis
accelerates the oxidative stressZiebda, 2006).

3



Research Problem

Diabetes is an epanic disease in most countries andPialestine, DM trent increasing and of

public health concertMOH reported thaprevalence rate of DM in Palestine [zoat 9% in 2000

DM caused 3% of deaths in the total populati@5 per 100 000 populatipnaccording

to 2005 data from the Ministry of Health (
mortality are usually associated with diabetes control and lomatipns. Trace elements

(Cu, Zn,Iron) and Mgmetabolismsarealtered in T2DMand affect the diabetes control

wherethis is an ambiguousrea and needs to be clarified.

Justification of the Study

This study is designed to investigate the associatiaddn, Mg, Fe andCu among type 2
diabetic patients Despite the large numbers of researches on the role ofrydieta
composition in control of DMthere are relatively few studies on the association between
trace elements levels & diabetes control.

Accordingto our knowledge of the researcher, this is the first studgstess dietary and
serum levels of Zn, Mg, Fe and Cu among T2DM pati@ntBalestine. Supplementing
certain minerals or limiting others could contribute in management of diabetes and
controlling its complications. Minerals play a considerable role in the prolongation of all

biological and psychological processes in the body.

Goal
To investigate the association dietary andserum levels okinc, magnesiumiron and
copperon T2DM patients.
Objectives
1. Todeterminghe association of diet and dietary habitong T2DM patients
2. To determinedifferences inserum levels otopper, zinc, magsium and iron for
diabetic patients.
3. To determine the association between the serum levels ofrc@ppe magnesium
and iron ordiabetic control.

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



Hypotheses

1. There isanassociation between serum, Zn, Mg,dfel Cuanddiabetic contral

2. There isa relationshigpetween soci@emogaphic factors andtudy participants.
Context of the Study
Geo-Demographic Context
The total area of Palestinian territories is 6,257 Km?2, which comprise West Bank and Gaza
Strip. GazaStrip is a narrow piece of land located om ttoast of the Meditemaan Sea
(UNEP, 2003)The Gaza Strip is the most populated area on Earth with 1.6 mitiaple
living on an area 368m?, with a popuation density 4,395 peoplefi{(UNRWA, 2010).
Out of the total population in the Gaza Strip with about 1 million @8%hem are,
United Nation registered refugees, mainly concentrated in the cities, small village, and
eight camps that contain two thirds of population of Gaza (UNRWA, 200itently,
Gaza Strip is composed of five provinces: North Gaza, Gaza City,ziel, Khan
Younis and Rafah. There are five towns in Gaza Strip, eight refugee camfusidadn
villages (MOH, 2005)Around 35% of the population resides in Gaza the total number is
484,771 individualMoreover, age structure of Palestinian populatiosingilar to that in
many developing countries, where nearly half of the total population is under 15 years
48.8% and only 2.6% above 65 years (PCBS, 2010).

Health Care Context

Health care services in Palestine are pravibg five sectors: Ministry of ldalth (MOH),
Non-governmentalorganizations (NGOs)United Nations Relief and Work Agency
(UNRWA), military medical servicesand Private sectorThe number of pmary health
centers in Gazaeaches654 centers (MOH 63.6%, UNRWA 8.1% and 28.3% NGOS)
(MOH, 2005).

UNRWA plays an important role in health service delivery, providing free of charge
primary health care through 63 centers in Gaza and West Bank (21 primary health centers
in Gaza Strip and 42 in West Bank), and purchasing secondary and tertiginychealfor

the registered Palestinian refugees (UNRWA, 20T%)o of them are Sabra and Beach
primary health centers which are included in this studyie aim of UNRWA health
programs is to protect, preserve, and promote the health status of Palestingaes,

consistent with WHO concepts.



Changes in lifestyle have resulted in increases in the prevalence -cbmonunicable
diseases (NCD) among Palestine refugees, in keeping with similar trends observed
globally. NCD include diabetes, cardiovasculaedises, cancer and chronic lung diseases.
These diseases are now the leading causes of death among Middle East populations,
including Palestine refugees (UNRWA, 2011).

The total number of NCDatients in Gaza Strip is 60,431mAng these NCD patients
31,38 are diabét. Around 10,852 patientare diagnosed as diabetes mellitus tgpe

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

Sabra Health Center

The catchment area of Sabra Health center is SabrZaifdn, TalElhawa, Part of
Shejaeia an@art of South Rimalt servesabout 72406 of population.

The numberof registeredNCD including diabetes type, Hiabetedype 2, hypertension
and both diabetes ariypertension i8266 patients (44 DM typg, 336DM type 2, 1587
HTN, and1229 both DM & H'N) (Sabra clinic, 2012).

Beach Health Center

It serves about 87.000 of populatioFhe number ofegistered NCD including diabetes
type 1,diabetes type 2, hypertension anthldiabetes and hypertensien2802patients
(51 DM type 1 449 DM type 2, 1478ypertension824 both DM &ypertensioh (Beach
clinic, 2012.



Chap2er

Literature Review

Diabetes Mellitusis a metabolic disorder of multiple etiology characterized by chronic
hyperglycemia with disturbances of carbohydrates, fat and protetabolism resulting

from defects of insulin secretion, insulin action or a combination of both (DeFronzo,
2004).

T1DM which is known as insulirdependent diabetes ettitus, or juvenile diabetes
accounts for only 5% to 10 % of cases, causgdrmune destiction of theb-cells of the
pancreas. It may present at any age, but most @mm childhood and adolescence.
Genetic predisposition andnéronmental triggers irffection or other stress) are
contributing factors (Loghmani, 2005). These patients are prone to ketsiacicmma and
death (Amockt al.,2012).

T2DM is the most common type (> 90% of cases) and is predominated by disorders of
insulin action (insulin resistance), with insulin deficiency relative toredgminant
secretory defect aslisorders of insulin actio and secretion (Amocet al.,2012)
Contributing factors are obesity, age, lack of physical activity, genetic predisposition,
racial/ethnic background (African American, Native American, Hispanic and
Asian/Pacificlslander) and Conditions associated witisulin resistance as polycystic
ovary syndrome (Loghmani, 2005).

GDM is a form of glucose intolerance diagnosed in some women during pregnancy. It is
more common among obese women and women with a family history of diabetes. During
pregnancy, gestationaiatetes requires treatment to normalize maternal blood glucose
levels to avoid complications in the infant. After pregnancy,0% of women with
gestational diabetes are found to have type 2 diabetes. Women who have had gestational
diabetes have a ZB0% dtance of developing diabetes in the nexiO5years Center of
Disease Control & Preventig@DC], 2005).

Other Specific Typesf diabetes result from specific genetic conditions (such as maturity
onset diabetes of youth), surgery, drugs, malnutritioectidns, and other illnesses. Such
types of diabetes may account for 1% to 5% of all diagnossds of diabetes (CDC
2005).

Prediabeticconditions including impaired fasting glucose and impaired glucose tolerance,
being overweight or obese (Body masd mx O 9,Samiky dnistony of diabetes,
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gestational diabetes and negative lifestyle habits such as lack of exercise and smoking are

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

Complications of Diabetes Mellitus

Acute Complications of DM

Acute complications includéiabetic ketoacidosisjonketotic hyperosmolar coma and
hypoglycemia. Generally, these states are reversible antinmittreated can lead to death
(Becker, 2009).

Chronic Complications of DM

Chronic complicatios can be divided into vascular and nonvascular complications. The
vascular complications are further subdivided into microvascular (retinopathy, neuropathy,
and nephropathy) and macrovascular complications (coronary artery disease, peripheral
vascular disase, and cerebrovascular disease). Nonvascular complications include
problems such asexual dysfunction gastroporesisand skin changes (Tripath&
Srivastava, 2006).

Epidemiology of DM

Worldwide, DM s now considered one of the main threats to humadthhieahis century.

The globalepidemic of people witlT2DM is largely due to population growth, aging,
urbanization, and the scourge of obesity and physical inactivity (B&dtaher, 2012).

More than 371 million people have diabetes, half of people avébetes are undiagnosed,
4.8 million people died due to diabetes, more than 471 billion USD were spent on
healthcare fodiabetes Diabetic in UK 2012),and it is expected to affect 552 million
people by 2030 (Badrata Laher, 2012).

The International 2betes Federation (IDF) estimated that in 2011 the five countries with
the largest numbers of people with diabetes were China, India, the United States of
America, Russia anfirazil (Diabeticin United Kingdom [UK], 2012.

United Kingdom

In 2011, there r@ 2.9 million people who have been diagnosed with diabetes in the UK.
By 2025, it is estimated that five million people will have diabeteshe UK. It is
equivalent tomore than 400 people every dayer 17 people every hour, around three

people everyen minutes (Diabetas UK, 2012).



Middle East Area

The prevalence of2DM has increased dramatically in the Arabjmeaking countries over

the last three decades, a trend that parallels increased industrial development. The wealth
generated by oifich resources in countries of theabian Gulf has led to improveing
standards, while there have also been accelerated urbanization, drastic changes in
nutrition, reduced physical activity, and a greater reliance on mechanization and migrant
workers. An esmated 9.1% of the populations from the Middle Eastern/North African
region have type Il diabetes (32.8 million) in 2011, and this is projected to reach 60
million in 2030 (Badrar& Laher, 2012).

The prevalence rates among adults of the Arabic speakimgir@s as a whole range
between 4%21%, with the lowest being in Somalia and the highest in Kuwait. As
economic growth has accelerated, so has the movement of the populations to urban centers
where people are more likely to adopt lifestyles that embrawreased higicalorie food
consumption and sedentary lifestyles. These factors contribute to the increased prevalence
of obesity and diabetes in the Arabic speaking countries (B&taher, 2012).

Egypt

The crude prevalence rate of known diabeteg&gyd in 2008 was 4.07%Arafa & El

Din, 2010).

Palestine

Palestine is experiencing a rapid health transition, with a large and rising burden of
chronic diseases, which are estimated to account for a large proportion of all deaths. There
are no available datéo suggest the overall prevalence or incidence of diseases like
cardiovascular disease, hypertension or diabetes mellitus. In general, we depend on
mortality data from the different health centeysestimate the impact of thedseases on
society (Abdeen 2006).

DM caused 3.1% of deaths in the total population (8.5 per 100 000 popylatoarding

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

Non-communicable diseases (NCDs) continued to account for the vast majority of deaths
occurring in UNRWA G s host country populations. NCD
health challenge among Palestine refugees, with a steady increase in the number of
diabetes and or hypertension patients treated at UNRWA health centers. At the end of
2012, a total of 193,32fatients with diabetes and/or hypertension were registered for

UNRWAG INCD services across the four Fields excluding Syria. This represents an



increase of around 8,000 patients from 2011 for the four fields at 185,420 patients
(UNRWA, 2012).

The Agencywide prevalence of diagnosed Diabetes Mellitus and hypertension among the
served population at 40 years of age and above was 11.0%64&9d respectively during

2012, he assessmefdund that 29.4% of hypertensipatients were at high risk, followed

by 245% of patients with both diabetes and hypertension and 14.2% of type Il diabetes
patients. The prevalence of DM in Gaza Strip is 11.2% , at West Bank is 13.2%
(UNRWA, 2012).

By the end of 2010, the total number of Palestine refugees registered in theg Agenc a r e a
of operation was 4,966,664. Around 1,167,360 individuals in Gaza Strip. 43.9% in Camps
(UNRWA, 2010).

Furthermore, changes in lifestyle have resulted in increases in the prevalence of non
communicable diseases (NCD) among Palestine refugeesemmngewith similar trends
observed globally. NCD include diabetes, cardiovascular diseases, cancer and chronic lung
diseases. These diseases are now the leading causes of death among Middle East
populations, including Palestine refugees (UNRWA, 2011).

NCDs account for the vast majority of deaths occurring in UNRWA.s host country
populations, causing approximately 80% of all mortality in these countries. NCDs also
represent an increasing health challenge among Palestine refugees, with a steady increase
in the number of NCD patients treated at UNRWA health centers. At the end of 2011, a
total of 211,533 patients with diabetes and/or hypertension were registered for UNRWA
NCD savices across the five Field&&za Strip, West Bank, Jordan, Lebanon and Syria).
This represents an increase of more than 12,000 patients from 2010 and is more than twice
the number registered in 2001 (UNRWA, 2011).

According to UNRWA registrationshé total number of NCD patients in Gaza Strip
is60.900; 1.050 (1.720) diagnosedas T1DM,11.365 (8.668%) diagnosed asi2DM,

30.786 (50.55% diagnosed adypertensionand both DM and hypertension (HTN),
29.07%(UNRWA, 2011).
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Diagnosis of Diabetes Mellitus

According to ADA (2012),hle diagnosis of DM can be madethe following sitiations

a) Occasional plasmglucoseO2 0 0 mg/ d | )(obtdined at anyntonke bf lday
and without regard to when food was last ingested) and symptoms of DM {pplyur
polydypsia and inexplicableeight loss);

b) Fasting plasmalgcose(FPG O 1 2 6(7.0mgmboldL), fasting being a periaf at
least 8 hows without ingestion of food).

c) Two-hourpl asma gl uc o($1elmnOIZLD durimg Ard OGTT. The test
should be performed as described by the WHO, using a glucose load containing the
equivalent of75 g anhydrous glucose dissolved in waber

d) Hemoglobin A1HbA1c)O 6. 5 %

Pre-diabetes: Pre diabetes is defined as hyperglycemia not sufficient to meet the
diagnostic criteria for diabetes, but that which is associated with an increased risk of
progression to type 2 diabetes melli{iSSI, 201L2), including impaired fasting glucose
and impaired glucose toleranceijty overweight or obese (Body Massléx[BMI] O 2 5
kg/n"), family historyof diabetes, gestational diabetes and negative lifestyle habits such
as lack of exercise and smoking arasidered the main risk factors f62DM (Malkawi,
2012). Diagnosis of prdiabetes is made when an individual meets one or more of the
following criteria:

A Hemoglobin A1qHbA1c) equal5.7-6.4%

A Fading plasma glucose of 100 mgidl 125 mg/dl

A Oral glucoseolerance test ta+hour plasma glucose: 140 mgtdi199 mg/dI(ICSI,

2012).

Hemoglobin Alc(HbAlc)
HbA1c levels are measured periodically to determine the average blood sugar level over
the previous 2 to 3 monthslbAlc level should be obtained at ledstice yearly in
patients who are meeting treatment goals and who have stable glycemic control. But they
should be done quarterly in patients whose therapy has changed or who are not meeting

glycemic controlsJustad 2009).
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Risk Factors for Diabetes Melltus

The ADA Guide to Diabetes Medical Nutritiofherapy and Education listed the major

ri sk factors for type 2 diabetes mellitus
habitual physical inactid, tgbeoivtey wpBliht OB
hyper t d40/80mmig in(adults), previosly diagnosed impaired fasting glucose or
impaired glucose totance, high density lipoprotein (HDL) cholester@5mg/d) and/a

triglyceride level (>250 mg/3ll polycystic ovary syndrome, and history of vascular
disease (Christopherson, 2009).

The roleof lifestyle andbehavioralfactors in the development and management of this
chronic illness is now widely acknowledged. Evidence from esestional and
prospective studies demonstrates the role of obesity and a sedentary lifestyle as major risk
factorsfor the development of type 2 diabetes (Clark, 2002).

The development of type 2 diabetes seems to be a product of the interaction between
genetic susceptibility andnvironmental factorsThe fact that sedentary lifestylebesity

and type 2 diabetes hage ecentlyincreasedwhich indicate that obesity and physical
inactivity may constitute one of the main reasons ferititreasing burden of diabetes

the developed world. (Kastorig Panagiotako2009).

Obesity

Diabetes isthe most important dise® burden a&®ciated with obesity (Pranita,
2011)Evidene from several studies indicatdtht obesity and weight gain are associated
with an increased risk of diabetes and that intentional weight loss reduces the risk that
overweight people will developiabetes (Mokdacet al., 2003).The most widely used
index of obesity is BM) calculated as aight (kg) divided bysquareheightmeter BMI

>30 kg/nf is the most widely used epidemiological and clinical definition of obesity.
Obesity, thus defined, is a porid risk factor for type 2 diabetes (Pinkney, 20&i/en
modest weight reduction is associategth a reduction in insulin resistance, a reduction in
hepatic glucose production, and perhaps, an improved iskdt function (Bastaki, 2005).

A study of tle association between diabetes and BMI showed that at a BMI of 35, kg/m
the relative riskT2DM increased 40%. However, even thin people are at risk of diabetes if
they lead a sedentary or unhealthy lifestyle, such as low physical activity, irregulgy eatin
eating a poor diet, and emotional stress, because they increase the puildo f 61 nvi s
visceral fat. (Price &affelsbauer, 2012)
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Li G. et al(2002)reported that Type 2 diabetes waar times as common if the BMI was
>27.0. Increasingvaist meastements predicted tefiolds increases in hypertension and a
threeto-five times increased risk of diabetes. Shigawaist cutoff points were 102m

for men and 88m for women, with statistical analysis showing waist as the more
dominant predictor of risthan age, waidio-hip ratios or BMIs. Hence, small increases in
BMI, and patrticularly in waist circumference, predict a substantial increase in the risk of
diabetes Even modest weight reduction is associated with a reduction in insulin
resistance, redtion in hepatic glucose production, and perhapsyraved islet &ell
function Bastaki, 2005).

Physical Activity

T2DMis caused by both genetic and life style factors. However, the predisposition of the
genetic factor requires the presence of envitemtal and life style factors. Moreover,
most of the dramatic increase in type 2 diabetes occurred within populations that
witnessed rapid and major life style changes. Physical activity can be helpful in the
primary and secondary prevention of diabetesliewi, 2012).Exercise has a significant
role in the regulation of blood glucose, improves insulin action, metabolism of proteins
and fats, prevents complications of diabetes, improves muscle flexibility and strength, has
beneficial effects on the cardim@ular system and increases life expectancy of the
patients. In addition, physical activity is beneficial for the mental state of the individual,
because it increases the energy of the human body, improvessteelm and decreases
depression (Polikandrio& Dokoutsidou, 2009).

Physical activity of moderate intensity for longer 220 minutes per week will result in
5-7.5 kg weight loss. A dosesponse relationship exists. To prevent weight gain of > 3%
in adults, moderate exercise for 1380 minutes er week is required. For weight
maintenance after weight loss, 2800 minutes of exercise per week is required (Amtod

al., 2012).
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Treatment of Diabetes Mellitus
Goals of Therapy
DM treatment goals include reducing letegm microvascular and mae@scular
complications, preventing acute complicatiémmsn high blood glucose levels, minimizing
hypoglycemice pi sodes, and mai nt guahty aflfe. Tolachievp at i e n
these goals, nearormal bloodylucose levels are fundament@looket al., 2008
Major Components of the Treatment of DM

1 Diet, physical activity and weight reduction.

2 Oralhypoglycemicherapy.

3 Insulin treatment.

Dietary Treatment
Aim

Dietary and lifestyle modifications are the mainstay of treatment and management for
T2DM. The majority of people witiT2DM are overweight and usually have other
metabolic disorders of the insulin resistance syndrome, so the major aims of dietary and
lifestyle changes are to reduce weight, imprgiycemic control and reduce the risk of
cororary heart disease (CHD), which accounts for 70% to 80% of deaths among those
with diabetes(Bastaki, 2005), correcting any associated blood lipid abnormalities,
ensuring consistency and compatibility with other forms of treatment if useelxdomnple

oralagents or insulin (Alwan, 1994).

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

first choice of diabetes management. Following dietary behaviors recommendations are
important to control blood gluces levels, improve health status, and prevent
complications (Primandat al., 2011). Adherence to a healthy dietary pattern, like the
Mediterranean diet, exerts a beneficial role regarding the development of diabetes. The
Mediterranean dietary pattern empize&s a consumption of fat primarily from foods high

in monounsaturated fatty acids, and mainly olive oil, and encourages consumption of
fruits, vegetables, tree nuts, legumes, whole grains, fish and poultry in low to moderate
amountsanda relativdy low consumption of red meé&Kastorini& Panagiotakos, 2009).

The loss of traditional healthy dietary habits during the last years, the increased
consumption of energglense foods and increased portion sizes, have been associated with
the explosive increasef diabetes. Fortunately, lifestyle factors, such as diet and physical
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activity, are modifiable and disease manifestation from treagers is largely preventable
(Kastorini& Panagiotakos, 200®)ifferent randomized control trails and prospective studies
and literatures have suggested a strong relationship between lifestyle modification and
diabetes prevention. Lifestyle changes by dietary modification and increased physical activity
reduced relative risk for development of type 2 diabetes rather thacahgctivity alone.
Leisure time physical activity has shown to be inversely associatedT®ifiM (Biswas,

2006)

A healthy snack option (fruits, nuts, etc.) after a moderate meal can be introduced. The
initial di scomf ort ortoméhby giting bptomd of eating ldbwuok | 6 ¢
noncaloric fooditems such as vegetable salads and egg wAiteajor meal and a snack
following that meal should have a calorie and carbohydrate distribution in a ratio of 2:1.
While some people feel eating freaquly is socially unacceptable, it is important to
emphasize the benefits of small, frequent meals and ask people to ignore the discomfort
which is usually shotlived. The system of split meals or snacks has many benefits as it
improves postprandial glycaec response, it improves insulin sensitivity, it helps match

the pharmacokinetics of insulin or other insulin secreting drugs and hence provides
optimum glycaemiaKatil, 2007).

Macronutrients
For diabetic patientsgalories fromcarbohydrates, fat and giein should beaken in

moderation within certain values.

Carbohydrates

Carbohydrates provid80-60%of total caloic content of the diet (Alwanl994). Excess
carbohydrate intake leads to reduction in hagisity lipoprotein (HDL)cholesterol and
highertriglyceride levels, which have been shown to have an atherogenic affect that leads
to cardiovascular diseag®lalloy & Lardinoi, 2007)Most dietary recommendatieinave
emphasized the use of complex carbohydrates or starches and the avoidance of simple
carbohydrates orugars based on the belief thsimple sugars will be digested and
absorbed more quickly and thus would induce a more rapid postprandial glucose response.
Numerous metabolic studies have challenges this view and it is now recognizednlgat m
starches food such as backed potatoes and white bread produce even higher glycemic
responses than do simple sugars. To quantify different glycemic responded by different
carbohydrate food, the concegltglycemic index is developdetiu et al.,2001).
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For individuals with diabetes, the use of glycemic index and glycemic load may provide a
modest additional benefit for glycemic control over that observed when total carbohydrate
is considered alone(ICSI, 2012).

Protein

According to ADA (2010) Protein intakcan rage between 120 % total energy0.8-1 g/kg of
desirable body weight) the longterm effects of consuming more than 20% of energy as
protein on the development of nephropathy have not been determineepribligim diets

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

It has been widely thought that protein, when ingested with carbohydrate, slows the
absorption of carbohydrates. There have been a number of studies that have concluded that
in mixed meals the addition of peih to carbohydrate may reduce circulating glucose
concentrations in people wit2DM (Malloy & Lardinoi, 2007).

Dietary Fibers

Dietary fibers are a part of carbohydrates, but are considered nonnutritive as they do not
provide any energy. Soluble or insol@pthey have been proven to be useful in various
ways (Patil, 2007). Soluble viscous fiber plays an important role in controlling
postprandial glycemic and insulin responses and satiety, which is attributable to its effect
of slowing gastric emptying andtestiral nutrient absorption (Salvaet al.,2011).

Fat

Fat should provide less than or equal to 30% of total calories, less than 7% saturated fats
and less than 200 mg cholesterol (ICSI, 2012).

A high fat content in the diet may result in deterioratidrglucose tolerance by several
mechanisms including decreased binding of insulin to its receptors, impaired glucose
transport, reduced proportion of glycogen synthase and accumulation of stored
triglycerides in skeletal muscle. The fatty acid compositbrihe diet, in turn, affects
tissue phospholipid composition, which may relate to insulin action by altering membrane
fluidity and insulin signaling (Steyet al.,2003.

Fruits and Vegetables

Increased intake of fruit and vegetables is generally recomedeas part of a healthy diet
because of an inverse association with obesity and cardiovascular sliskasever the
results of a recent systematic review of 5 cohort studies did not suggest that fruit and

vegetable consumption may lomtbe risk of diakbtes (Salvadd2011).

16



Salt Intake
Because of the increased frequency of hypertension andwasdularisks in diabetes,
diabetic patients should be advised to restrict sodium intake to 6 g/day or 3 g/day or less if
suffering from moderately high bloguessure (Bastaki, 2005).
Drug Therapy of NIDDM
Drug therapy of NI DDM shoul d be considere
increased physical activity have failed to achieve individual treatment goals.
Oral Hypoglycemidrugs
For type 2 diabetesit is clearly a priority to provide effective control of the
hyperglycemia to reduce maerand microvascular complications. The stambapproach
begins with diet exercise, and healtHiwing advice, particularly designed to facilitate
weight loss in the ols®.These measures are ineffectivbvo of newly diagnosed type 2
diabetes patients, and the progressive nature of type 2 diabetes dictates that most patients
require drug therapy (Tripati Srivastava, 2006)
Types of Oral Hypoglycemic Agents

1 Insulin scretagogues as Sulphonyluria, Meglitinide analogues

2 Insulinsensitisers as Biguanidekhiazolidinediones or glitazones

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

4 Inhibitors of intermediary metabolism,

5 Insulinomimetc drugs (Reddst al.,2000).

Diabetes Mellitus and Trace Elements

Dietary composition has a big role in caitof diabetes mellitus, nowlayscomposition

of our diet has changed considerably which causes greatly to increase incidence of many
different digase such as diakstmellitus. Trace elements foqart of daily diet, which

are well known to play vitally important roles in the maintenance of health (Hasan, 2013).
Type 2 DM is an endocrinological disease associatedhwyplerglycemiacharacterizedyy

both insulin resistance and defective insulin secretion.

A relationship between DM and minerals is frequently reported. Alteration in the
metabolism otopper andnagnesium is associated with DVrace elements are accepted

as essential for optimum hdaltbecause of their diverse metabolic characteristic and

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

many diseases includirigM (Supriyaet al.,2013).

Trace elements and DM complication

The importance of protein glycation is well known in the pathogenesis of diabetic vascular
complications. Transition metals also play a role in protein glycation induced by
hyperglycemia. It h@been shown that glycated proteins have a substantial affinity for the
transition metals, and the bound metal retains redox activity andipates in catalytic
oxidation Thus, show similar glycochelates form imivo, reactions mediated by the
chelages could be involved in the vascular complications of dial{&esminatharet al.,

2007).

Several studies have indicated that lbegn hyperglycemia is a risk factor of diabetic
complications and that there is some association between the status af metak ions

and diabetic complications. It remains unknown, however, whether the alteration of the
metabolism of such metal ions is a consequence of hyperglycemia¢Nalk&013).

Alterations in trace elements have been reported in a number ofed&ates. Deficiency

of some trace elements has been correlated with the presence of diabetic complications. It
is not known whether differences in trace elements status are a consequence of diabetes
andhyperglycemieor alternatively whether their deficieies contributed the expression

of thediseas€Chinyereet al.,2005).Magnesium deficiencies have been implicated in

insulin resistance, carbohydrate intolerartygslipidemiaand complications of diabetes
(Masood, 2009).

Zinc

The body contains beten 1.5 and 2.5 g of zinc, so that it is the second most abundant
trace minerals in the body, after irohurnover of body zinc measured by radioisotope
studies is about 6 mg per day in adults. Balance studies show that 12.5 mg of dietary zinc
is needed peday to maintain a positive balancéhe Standing Committee on the
Scientific Evaluation of Dietary References Intakes has setrédbemmended daily
allowances (RDARt 9 and 13 mg per day for adult women and men, respict{dipers

et al.,2008).Normakerumzinc level 75120ug/dl(Kratz et al.,2005.

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

animalsource foods, particularly in the organs and/or flesh of beef, pork, poultry, fish and
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shellfish, and withdsser amounts in eggs and dairy products. Zinc content is relatively
high in nuts, seeds, legumes, and wkpign cereals, and is lower in tubers, refined
cereals, frug, and vegetabldsiotz & Brown,2002)

Zinc deficiencyis associated with a number wfetabolic disturbances including impaired
glucose tolerance, insulin degréda, and reduced pancreatic insulin content
(Akhuemokharet al.,2010.

A study caonducted in Duhok city revealetthat zinc deficiencies were observed in the
individuals studiedvith a higher prevalence in diabetic group. The measured zinc status is
associated with the glycemic control of diabetesTihimi& Mahmoud 2011).

In Indig, a study conducted in 40 type 2 diabetic subjects and 40nzafehed control
subjects revealed &h serum levels of zinc in the type 2 diabetic patients group were not
found to be statisticallglifferent (Diwanet al.,2006).

A study conducted by (Yahyat al., 2011) has indicated thatim zinc levels were
significantly lower in diabetic subjectsah non diabetics (p<0.05) attending Aziz Fatimah
Hogpital in PakistanZinc levels ranged from 1.65.8 mg/dl in males and :3.5 mg/dl in
females of middle socioeconomic group which was very low ti@mal nordiabetic

population.

Magnesium

Magnesium F1g) is an important intracellular cation that is distributed into three major
compartments: mineral phase of bones (65%), intracellular spa%® € extracellular

fluid (1%). Magnesium is needed for more than 300 biochemical reactions in the body.
Magnesium helps to regulate blood sugar levels, promotes normal blood pressure, and is
known to be involved in energy metabolism and protein synthesis (Mishtg2012)

Normal magnesium level 1.2.2 mgdl (Midline Plus, 2013Mg is bound to protein and
phosphate ions, and to porphyrin in green leafy plants and vegetables. Good dietary
sources include whole grains, legumes, dark green leafy vegetables, nutsyhfih,
grains and cocoa. Daiproducts, meats and eggs contain lesser amounts of Mg (étpers
al., 2008).

In India, a study conducted in 40 type 2 diabetic subjects and 40nzaehed control
subjects revealed that serum Mg levels were significantly lower in diabetic subjects
(Diwan et al., 2006).A conducted comparative study in Pakistan inclutiegl type 2
diabetic patients and 40 nailabetic subjects resulted that mean (xSD) Mg and Zn levels
were significantly reduced in blood samples of diabetic patients as compared to control
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subjects (p<0.000%0.05) and concluded that deficiency and efficienf some essential

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

Iron

Iron is the most abundant transitional metal in the body. The crucial role of iron in the
pathophysiology of disease is derived from the easingith which iron is reversibly
oxidized and reduced. This property, while essential for its metabolic functions, makes
iron potentially hazardous because of its ability to participate in the generation of powerful
oxidant species such as hggyl radical(Mohammed, 2013Swaminatharet al, 2007).

Dietary iron is available in a variety of nuteedsred meat and egg yolks. About 40% of

the iron from these sources is heme iron, absorbed with about 15% to 45% efficiency.
Vegetable iron content varies gtigaaccording to the growing conditions of plants. Non
hemeiron is absdbed with only about 1% to 15%fficiency. The standing Committee on

the Scientific Evaluation of Dietary Reference Intakes has now assigned an RDA for
males of all age groups and fpostmenopausal women of 8 mg per day, and for
premenopausal women of 18 mg per day (Algtral.,2008).

The role of iron in the pathogenesis of diabetes is suggbgté)lan increased incidence

of type 2 diabetes in diverse causes of iron overkradl 9 reversal or improvement in
diabetes (glycemic control) with a reduction in iron load achieved using either phlebotomy
or iron chelation therapy (Swaminathetmal.,2007).

Copper

Copper is an essential trace element, an important catalyst for heinessyaind iron
absorption. Following zinc and iron, copper is the third most abundant trace element in the
body. Its role as a cofactor component of cytochrome oxidases, superoxide dismutase,
tyrosinase, uricase, dopaminenfdroxylase, lysyl oxidase ancmloplasmin ma& it a

key micronutrient foroxidative pathways. The bioavailability of copper from the diet is
about 65 70% depending on a variety of factors including chemical form, interaction with
other metals, and dietary components. The biologiattliie of copper from the diet is

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

2006).

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

and also organ meats. The nexhés sources are nuts and legumes, dried fruit and cocoa.
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Recommended daily intak&DI) for adults is 90Qug (Alpers et al., 2008) and ormal

copper level 740ug/dl(Kratz et al.,2005.

Supriya et al (2013) found a significantly increased level of cep@nd glycated
haemoglobin and decreased level of magnesium in cases as compared to controls. The
study also revealed a significant positive correlation between serum copper and glycated
haemoglobin and a negative correlation between serum magnesium haraded)

haemoglobin.
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Chapler
Met sodand Subjects

Study Design

A casecontrol studyis conducted in UNRWA primary health care centers in Gaza City
(Sabra & Beach primary health centers). Casetrol studiess a type of observatial
study in which two existing groups differing in outcome are identified and compared on
the basis oBome supposed causal attributegan yieldan important scientific findings

with relatively little time, money, and effort comparedother study degns (Schulz &
Grimes, 2002)This study was chosen to investigate the associatialetdry andserum

levels ofzinc, magnesium, iron and cop@enongtype 2 diabetic patients.

Setting of the Study
The study was conducted at UNRWA Sabra and Beaatp pimary health careenters

in Gazagovernorates

Study Population

The target populatioisT2DM patients attendin§abra and BeaadtampUNRWA primary
health care centers areual number ofapparently healthy participants by clinical
examination and with o history ofany disease such as diabetes hypertensionAll
participants age were more thanya€ars. They were recruited according to the inclusion

and exclusioreriteriain the study.

Sample Size and Sampling

The present studyhas been conducted orl20 participants divided into 6@ases
withT2DM, 60 nondiabeticparticipants asormalcontrol
Diabetic patientson oral hypoglycemic agentavere sorted outthen probability

randomized systemic samplere drawn.

Period of Study

The study was started thte beginning ofanuary2013by studying the research problem

and reviewing the literature. In March, 20%8tting up the administrative procedusesl
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seeking ethical approvalere carried oytafter pilot study had been conductddata
collection wasstarted at the 2Dof April 2013 and continuedntil 22"%f May 2013.Data
analysis was finalized in June, 2018riting and revising the thesis started in July, 2013.
Response Rate
The entire selected subjects had positively responded, thus, the eesateng/as 100%.
Selection Criteria
Subjects who were eligible to participate in the study were those who met the following
criteria.
Inclusion Criteria
Cases

1. Patients diagnosed with typed@abetes mellitusvith age more than 30 years old.

2. Patients withtype 2 diabetes mellitus who treated with oral hypoglycemic agents.
Controls
Non-diabetic individualsapparently healthy anttoss matched with age & sex.
Exclusion Criteria

A Type 1 DM

Gestational DM.

A

A Hypertension or Thyroid diseases.

A GastrointestinalGl), liver or kidney diseases.
A

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

Ethical Consideration

Approval letters from

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

2. Dean of postgraduate studies & researtairaf Al Azhar Universityannexl).

3. Chief Field Health Program of UNRA (annex2).

4. Consent form from the study participafasnex3).
Confidentiality and privacy: Information obtained from clients was kept confidential.
Identifying subjects with a codeumber rather than name protected the identity of study
subjects. The right of the clients to hear about the nature of the study, clients informed
that they could receive all the services of health facility whether or not they participate in
the study. The consent form presented to the subject whom freely agrebaster

inclusion in the study.
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Data Collection Tools

Anthropometric M easurements
Height was measuredsing standing measug scale, weight was measureding

weighing scale and waist cincderence (WC) was measuregsing ipe measure.

BMI wascalculated using standard formula (weight in kg/heightin m

Standardization of measuring techniques

Height measurementMeasuring techniques eliminating positional errors are readily
practiced andearnedt o t he i nter vi e wead was poditiored witlathet 1 ci p
external auditory meatus and outer canthus of the eye in the same horizontal plane. Gentle
upward pressure is applied under the mastoids angdtieipantis asked to breathe in

and then out and relax the shoulders. Gaastaken to ensure that thmarticipantis
barefooted and doesn't lift his heals from ghun

Weight measurementlT h e p a rstweight i3 aneasuded by balance scale, which
checked at zero level before measg procedures. Thparticipantswore light cloths.

Waste circumferencehetape measures placel aroundthe participanbare abdomen just
abovehis/her hip bone. Thiape is snug, but does not comprigsskin, and is parallel to

the floor. The pdicipant elax, exhale, antis/her waist isneasurd.

Measurement of heightyeightand waist circumferendake place athe end ofinterview.

Biochemical Measurements

CBC, Fasnhg Blood Sugar, HbAlcserumZn, serum Mg, serum Feserum Cu and
creatinire level forstudy participants

Specimen Collection

Blood sample werecollected fromcases and controls.

Blood Sampling and Rocessing

Fasting overnight venous blood sample (about 6 ml) was drawrelbyrained laboratory
technicianinto vacutainer tubeffom each control and diabetic individual. About 2 ml
blood was placed int&thyleneDiamine TetraAcetateEDTA)vacutainer tube to perform
HbA;c and CBC tests. The remainder quantity of blood was left for a while without
anticoagulant to allow blood toatl Then serum sample was obtained by centrifugation at

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

Serum Glucose, Creatinine, Magnesium, Copper, Zinc and Iron were anabisgda
calometric méhod by RaytoChemry 240 chemistry Autoanalyzer in Central Blood Bank
Society Laboratories. Quality assurance program was carried out by analgningl and
abnormallyophilized multi control sera from Human, Germany on every run of analysis.

Deionized watewas mae as f' calibrator and multialibrator from Diasys, Germany was

usedas 2 calibrator for the determination of colorimetric tests.

Calculation of colorimetric tests Glucose Creatinine, MagnesiupCopper, Zinc and

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

calibration and adjustment of the photometers against water blank

The concentration of colorimetric test

A TestX CcaLs

A cais
Supplies

Reagent Source

1. Glucose AMS, ltaly

2.Creatinine AMS, ltaly

3.HbAlc AMS, Italy

4.1ron AMS, ltaly

5.Magnesium AMS, ltaly

6.Zinc AMS, Italy

7.Copper AMS, ltaly

8. Multicalibrator Diasys, Germany

9. Multicontrol sera Human, Germany
Instrument Specification Source
1. RaytoChemry 240 Chemistry Autoanalyze China
2. Labofuge 200 HerausSepatech Centrifuge | Germany|
3. Jwan Spectrophtomete UK
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1. Determination of Serum Qucose

Serum Glucose was determined by glucose oxidase (GOD)/glucose peroxidase (POD)
method Trinder P.Determination of glucose in blood using glucose oxidase Clin

Bioch, 6: 24196Pusing AMS, lItaly.

Principle

GOD catalyses the oxidation of glucose to gluconic acid. The formed hydrogen peroxide
(H20,) is detected by a chromogenic oxygen acceptor, pkenolophenazone in the
presence of POD.

b-D-Glucose + 20 + O, ___®°® | Gluconic acid + K0,

H,0, + Phenol + 4Aminophenazone (AP) —-°°__, Quinone + HO

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

sample.
Reagents
Reagent | Component Concentration
Phosphate pH 7.4 25 g/L
Phenol <0.9g/L
Reagent 1| GOD > 30 KU/L
POD > 1 KU/L
4-AP 0.4 mmoVL
NaN3 0.95¢g/I
Procedure

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

to perform the test acoing to these parameters:

Parameter Value

Reagent vol umg300

Serum vol ume (|30
Calibrator 1 (mg/dl) 0.0
Calibrator 2 CALS (mg/dl) 100

Incubation time (s) 360
Wavelength (nm) 510

Calibrator type OnePointLinear
Measurement Type End point
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2. Determination of Serum Creatinine

SerumCreatinine was determined by Alkaline Picrate method (Larsen K. ClinChemActa,
66:209 (1972) using AMS, ltaly.

Principle

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

complex. The complex formation rate is measuredshaat period to avoid interferences.

Reagents
Reagent | Component Concentration
Reagent 1| Picric acid 20.5 mmol/L
Sodium hydroxide
Reagent 2| Detergent 1.25 mmol/L
Procedure

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

to perform the test according to these parameters:

Parameter Value
Reagent vol um250
Serum vol ume |25

Calibrator 1 (mg/dl) 0.0

Calibrator 2 CALS (mg/dl) | 2.0

Incubation time (s) 30

Reading time (s) 120
Wavelength (nm) 510

Calibraor type One PointLinear
Measurement Type Kinetic

3.Determination of Serum Iron

Serum iron was determined by irferrozine method (WEIPPL Get al;Blut. 27, 261
(1973) using AMS, ltaly.

Principle

The F&" react with Cromazurol B yielding at room Tperature a colored complex whose
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intensity is proportional to the iron concentration present in the sample.

Reagents
Reagent | Component Concentration
CTMA bromide| 0.2 mol/l
Reagent 1| acetate buffer | 0.2 mol/l
pH 4.7
Cromazurol B | 2.0 mm/I
Procedure

About 0.5 ml of serum was transferred to RaytoChemry 240 chemistry Autoanalyzer, to
perform the test according to these parameters:

Parameter Value
Reagent vol unl80
Serum vol ume |8

Calibrator 1 (mg/dl) 0.0

Calibrator 2 CALS (mg/dl) | 200

Incubation time (s) 28

Wavelength (nm) 600

Calibrator type One PointLinear
Measurement Type End point

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

4. Determination of serum magnesium

Serum magnesium was determined by colorimetric calmagite methodngs L. Clinical
Laboratory Diagnostics.*®d Frankfurt: TH Books Verlagsgesellschaft; 1998. p. 28
using AMS, Italy.

Principle

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

Calcium is excluded from the reactiby complexing with GEDTA.
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Reagents

Reagent| Component Concentration
Xylidylbue 110 €& mo
Reagent| GEDTA 60 e mol

Ethanolamine pH 11.( 1mol/l

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

perform thetest according to these parameters:

Parameter Value

Reagent vol um?250

Serum vol ume |3
Calibrator 1 (mg/dl) 0.0
Calibrator 2 CALS (mg/dl) | 2.43

Incubation time (s) 300
Wavelength (nm) 510

Calibrator type One PoirtLinear
Measurement Type End point

Normal manesium level 1-2.2 mg/dl (Mdline Plus, 2013).

5. Determination of Serum Zinc

Serum Zinc was determined by colorimetric NTIRAPS method (PASQUINELLI F.,
Diagnostica e Tecniche di Laboratorio, (pag.::1@84) Rossini Editrice (199.) using

AMS, ltaly.

Principle

Zn** reacts with NTRGPAPS vyielding at room temperature a coloured complex which
intensity is proportional to the Zinc concentration present in the sample. The method does

not require sample deproteinizatietthersample kank.
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Reagents

Reagent Component Concentration
Borate buffer pH 8.2 370 mmol/Il

Reagent A Salicylaldoxime 12.5 mmol/l
Dimethylglioxime 1.25 mmol/l

Surfactants and preservativ
NITRO-PAPS 0.4 mmol/l
REAGENT B | Preservatives

Procedure
About 0.5 mlof serum was transferred to the RaytoChemry 240 chemistry Autoanalyzer,

to perform the test according to these parameters:

Parameter Value
Reagent vol unl80
Serum vol ume |9

Calibrator 1 (mg/dl) 0.0

Calibrator 2 CALS (mg/dl) | 200

Incubation time (s) 330
Wavelength (nm) 578

Calibrator type One PointLinear
Measurement Type End point

Normalzinc 75-120ug/dl (Kratz et al.,2005.

6. Determination of Serum Copper

SerumCu was determined by colorimetric {Bir-PAESA metlod (PASQUINELLI F.,
DiagnosticaTecniche di Laboratorio, (pag.:1092202) Rossini Ed. (1984)) using AMS,
ltaly.

Principle

Copper (C@") reacts with the chromogeni4Br-PAESA at room temperature yielding a
coloured complex which intensity is proportional to the Copper concentration present in
the sample.

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

Reagent | Component Concentration
Acetate buffer, pH 4.9 100 mmol/l
Reagent A| Reducing agents and preservati
3,5 DiBr-PAESA 0.02 g/l
Reagent B| Preservatives

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

to perform the test accard) to these parameters:

Parameter Value
Reagent vol uml80
Serum vol ume |12

Calibrator 1 (mg/dl) 0.0

Calibrator 2 CALS (mg/dl) | 200

Incubation time (s) 600
Wavelength (nm) 578

Calibrator type One PoirtLinear
Measurement Type End point

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

7. Determination of Gycatedhemoglobin(HbA;c) in Whole Blood
HbA;c was determined by the Chromatographic determination in tube with preweighted

resin of Hemoglobin Alc in blood using AMS, Italy.

Principle
The present procedure utilizes a weak bindirgion exchange resin for the rapid
separation of glycated hemoglobin Alc from all the othemoglobin A hemolyzed

preparation of the whole blood is mixed continuously for 5 minutes with a weak binding
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cationexchange resin. During this time, HbAO bindsthe resin. HbAO consist of all the
other hemoglobins except Alc which remains in solution. After the mixing period, a filter

is used to separate the supernatant containing the Alc from the resin. The percent
glycohemoglobin is determined by measurimg tabsorbance at 415 nm of the Alc
fraction and the total hemoglobin fraction. The ratio of the two absorbances gives the
percent of HbAlc.

Reagents

Reagent A ResirEach tube contains 3.0 ml catiemchange resin 8 mg/dl. p

6.9 Preweighted in tube, reattyuse

Reagent B Lysing Reagent: Contains potassium cyanide 10 mmol/
surfactants.
StandardGlycohemoglobin Standard (Lyophilized) Alc 10%.

Filter Separators

Procedure
Allow reagents to reach working temperature before using.
Hemolysate Prepaation
1. Di spense 500 ¢l Lysing Reagent (Reagent
Sample 1, etc.
2. Pl ace 100 € dmixed bloodt $ample,wstahdard or control into the
appropriately labelled tube. Mix well.
3. Allow to stand for 5 minutes.
GlycohemoglobinPreparation
Add 70 €l of the hemolysate in the resin tu
1. Position the Filter Separators in the tubes so that the rubber sleeve is approximately 1
cm above the liquid level.
Place the tubes on the rocker or rotator and mix continuously for 5 minutes
Remove the tubes from the rocker or rotator.
Push the Filter Separator into the tubes until the resin is firmly packed.

o~ 0D

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

6. Adjust the instrument to zerdosorbance at 415 nm with deionized water as the
blank. (Wavelength range: 38120).
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7. Read and record the absorbance values for Standard, Control, Sample 1, etc. These
readings are for glycohemoglobin.

Total Hemoglobin Fraction

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

2 . Pl ace 20 €l of the hemolysate into the &

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

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

readings are for total hemoglobin.

Calculation of Results
Results should be determined as follows:
R (unknown)

% HbA1c (unknown) = x standard conc
R (standard)

Where

Abs of HbAlc
(unknown)

R (unknown) = Ratio (unknown) =
Abs of Hb Tot
(unknown)

Abs of HbAlc
(standard)

R (standard) = Ratio (standard) =
Abs of Hb Tot
(standard)

8. Complete Blood Count
A cell dyneapparatuswas s ed t o analyze bl ood indices, R

Medical History
It included history of retinopathy or laser therapy, history of ragatthy, history of
neuropathy fumbness, tingling, hotness, etc in limbs), histof foot problems or

surgery, lypertension, history of cardiovascular dsesor cerebrovascular disease.
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Structured Interview Questionnaire
A face to face structured inteew questionnairdannex 4has been designeit;was used
to collect the following data from each participant:

1. Personal information; including gender, age, employment status, education level,
smoking and socioeconomic factors including marital statusesawincome.
Family history; including Diabetes mellitus.

3. Present history for Diabetic Patients; including duration of, iyye of treatment,
complianceof patients, frequency of blood sugar measurements, the presence of
diabetic complication as retinapg, neuropathy, nephropathy, foot and heart
complications.

4. Dietary Behavioyr including number of meals per day, main meal, having snacks
between meals, red meat intake behavior, poultry intake, fish intake, dairy products

intake, type of bread intake.

Sem-quantitative Food Frequency Questionnaire (FFQ)
SemiFFQ was used to assedigtary intake ofcarbohydrates, Zn, Mg, Fand Curich

food.

Validity

The instruments used were examined to ensure ithet highly valid and reliable.
Instruments inalded stdiometer, weight scale, and equipment used for biochemical and
hematological analysis.

Content validityof the questionnairevas conducted before data collection by submission
the questionnaire, which was attached to the title and the objectives ofdizécstupanel

of experts including researchers, health professionals and experts in the field of nutrition
and public health. The experts were asked to evaluate the relevance, clarity and
completeness of each item as well as gbgability of the tool formeasuring the study
objectives. According to the feedback obtained, the questionnaire was modified. Further
items were added by the researchecording to the issues raised during the proposal

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

A pilot studywas carried out before starting the studysdtvel as a prdest for the
intervention the detection and correction of any question that is not adequately clear for
all participantsThe participantsexplaned about the pilot study scope and their informed
consent will be obtained.

Pilot study was conducted dhcases and® controls from each study area to test the
response size of effect and provide evidence about health personnel working in the study
areas Pilot also clarifies areas of ambiguity and the suitability of the questionnaire.
These study subjects were excluded from the sample of study. Postpiloting, the questions

had been underwent refraiming and remodeling to be clearer and edsentestood.

Statistical Analysis

IBM SPSSStatisticsprogramversion 21used for data analysis which includes:
1. Coding of \ariables,

Data entry and then cleansing.

Data analysis

Frequencies of variables

o b~ w N

Cross tabulations of the results and Chi square testdtegorical data, was the
statistical tool used to assess the association between (family members, monthly
income, physical inactivitygMI, DM, family history etc.

6. T-test for quantitative data was used to compare means of serum ZReklg] Cu
levelsbetween cases and control

Correlation coefficient was also determined between quantitative variables.

8. P valueof < 5%for measuring statistical difference between varialsleggnificant
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Chap4er

Resul t s

In this chapter the researcher views thsults of the study variables in a comparative way
using the chi squaretést and® valueas statistical tool to answer the study questions.

Study Participants Characteristics

The study population consisted of 82DM patients and 60 age matcheehathy subjects
within the agemore than 30yearsfrom Gaza City.The average duration of diabetes is
3.67 (£3.95eary, minimum 1 year and the maximum duration is 20 years

Theresults shown in table 1 includinige distribution of participants accordinghealth

center they attend and thesocioeconomic characteristics such as gender, age, marital
status, education level, occupation and income

The study population was selected from the Sabra and Beach health GhiE2EM
patients and 3@ormalcontrok from each center were enrolled in the study.

Gender

Equal number of 60 cases and controls distribetpthllyby gendemvere enrolled in the
study.

Age

The overall average of study participaatewas 49.2 (+8.404eai, the youngest was 30
years and th oldest was 72 yeaodd. The ageof T2DM patientswas cross matched with
normal controls; sothe average age of diabefpatientswas 50.23(£8.57) and 48.57
(¥8.21)for controlsPar t i ci pant sd age was divided int
young @lults(O4 4 years ol d)-64yeaisdd)dled aaddud Ittss ((4B65 vy
The majority ofthe participants were middle adults (63.3%) among 65% T&BM
patients 63.3% arenormal controls No statistically significant difference was found
betwea cases and contstegarding the age participants

Marital Status

The marital status of participants was divided into four categase$ollows single,
married, divorced and widowed state. Most of the participants were married (90.8%) as
shown in thle 1.No statistically significant difference was found betw@@DM patients

andnormalcontrols regarding the marital status of participants
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Education Level

Education level of participants was categorized foto levels:illiterate, basic, secondary
and University & Higher. According to the results obtained in table 1, more than one third
of the participants (40.8%) have a basic education; the perceotrmfl controlshaving
"University and higher" degree (38.8%) was higher thabM patients(21.7%)and this
difference was found to be statistically significgmiv@lue= 0.01).

Occupation Status

According to the results shown in table4B.5% of the participants were unemployed
Among T2DM patients, the percent of unemployment (55%) was higher thenmal
controls (40%) however, the difference was statistically insignifigaméfue= 0.20).

Family Number

Regarding the family number, more than fiftB1.7%) of study populationfamilies
include 10 or more individuals. The families B2DM patientswere larger (25%) than
normal controlg18.3%).

Income

Table 1showvs that family income data was analyzed in a way to determine income per
capita per day. Income per capita was grouped into two categories according to the
poverty line endorsethy the World Bak: those withincome of less than 2 USD per
day/ capita and those wmord(WorldBankRP03SI). per day/ cé
The percentage of participants with two or more dollars perwdes/(50.8%)which is
slightly higher than participastwith less than Zollars per day/capita (49.2%Jhe
percent of T2DM patientswith less than two dollars daily (61.7%) were higher than
normalcontrols (36.7%) and the percentagaofmalcontrols with more than two dollars
per day (63.3%) were higher tha2DM patientsand these differences were statistically
significant @ value= 0.006).

Smoking

Smokers represent 17.5% of study paraais. T2DM patientssmoker patientgre two

folds (23.3%) ohormal controlsmokers (11.7%).
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Table 1: Characteristics of Study Rirticipants

Variables T2DM Patients Controls Total P value
No (%) No (%) No (%)

Health Center

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

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

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

Gender

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

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

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

Age (years)*

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

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

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

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

Marital Status

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

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

Divorced 1(1.7) 1(1.7) 2(1.7) 0.23

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

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

Educational Level

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

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

Secondary 13 (21.7) 17(28.3) 30 (25) 0.01

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

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

Occupation

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

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

Labor 2 (3.3) 5(8.3) 7 (5.8) 0.20

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

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

Family Number

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

6t09 29 (48.3) 27 (45) 56 (46.7) 0.44

O 10 15 (25) 11 (18.3) 26 (21.7) '

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

Income

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

O 2%/ day/ 23 (38.3) 38 (63.3) 61 (50.8) 0.006

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

Smoking Status

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

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

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

Total 60 (100) 60(100) 120 (100)
*Young Adults (0464), MilddIA«d uAduwsl t(sO6(545
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Anthropometric Measuremerts among Study Participants

Anthropometrics measurements includbée measuremenof weight, height, BMI and

WC of participants.

Weight:

The average body weight afl participants is 86.28 kdlable 2 shows thattie mean of
body weight inT2DM patients(88.95kg) is higherthannormal control483.62kg) and

this difference was fountb be statistically significanp(value=0.05).

Height:

The average height all participants is 164.24 criiable 2 shows that theean ofT2DM

pat iheight (462.52m) is slightly higherthannormal controlg163.97cm), however

the difference was atistically insignificani(p value=0.78).

Body Mass Index:

The average BMI ofhe study participants is 32.3&)/Ht. nf.Table 2 shows thahe BMI

of T2DM patientsis higher (33.1g/Ht. nf) than BMI ofnormal controlg31.56kg/Ht.

m?), however the diffieence was statistically insignificas value=0.23).

BMI of all participants was divided into three categories included norméajhtye

overweight and obes®lore than half oparticipants were obese (5803 obeseT2DM

patientsrepresent 63.3% whileomrmal controlsrepresent 53.3% however, the difference

doesnot

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

Participants

reach statistical

significance

Variable Research Category No.| Mean SD T| Pvalue
Weight | T2DM patients 60 88.95 | 18.68 | 1.63 0.05
(kg) Controls 60 83.62 | 17.11 1.63
Height T2DM patients 60 164.52| 10.84 0.27 0.78
(cm) Controls 60 163.97 | 10.90 0.27
BMI T2DM patients 60 33.10 7.00 1.20
Wt.kg/ht.m? | Controls 60 31.56 7.02 1.20 023
WC T2DM patients 60 101.15| 15.33 0.12 0.90
(cm) Controls 60 100.80| 15.76 0.12
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Waist Circumference

Anthropometric measurements demonstrated that the average WC of study participants is
100.98cm. Table 2 shows thahe WC of T2DM patientsis slightly higher (101.8 cm)
than WC of normal controls(100.80 cm), however the difference was statistically
insignificant  value=0.90).

66.7 % of maleparticipants withnormal WC. The percent of mal2DM patientswith
abdominal obesity (30%) is lower than the percenharimal controlswith abdominal
obesity(36.7%) however the association was statisticallignificant(p value= 0.58)
Regarding females, about 90% of them have abdonoibesity. The percent of female
T2DM patientswith abdominal obesity (86%) is higher thanthe percent ofhormal
controls with abdominal obesity 73.3%), however the association was statistically

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

Table 3: Obesity and Abdominal Obesityamong Study Participants

Anthropometric Diabetic Patient | Non-Diabetic | Total —
Measurements No (%) No (%) No (%)

BMI

Normal 5 (8.3) 11 (18.3) 16 (13.3)
Overweight 17 (28.3) 17 (28.3) 34 (28.3) 005
Obesity 38 (63.3) 32 (53.3) 70 (58.3)

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

WC (Males}

Normal 21 (70) 19 (63.3) 40 (66.7)
Abdominal Obesity | 9 (30) 11 (36.7) 20 (33.3) 0.58
Total 30(100) 30 (100) 60 (100)

WC (Females)

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

Abdominal Obesity | 26 (86.7) 22 (73.3) 48 (80) 0.19
Total 30(100) 30(100) 60 (100)

IA manwith waist measurement over 102 éfwoman with wast measurement over 88 cm

(WebMD, 2013).
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Blood Hemoglobin

Hemoglobin values results divided into¢e categories: Anemia, Nornaaid High.
Normal kevel of Hb for males is 238 gnidl, while for femaks is 11.516.5gm/dl.

Males: Among T2DM patients the percentage of anemia (20%6) lower than the

percentage of anemia mormal controlg23.3%), however the difference was statistically

insignificant @ value=0.58).

Females:No significant differenceare found amon@2DM patientsandnormal controls

(p value=l).

Table 4: Blood Hemoglobinin Study Participants

T2DM Patient Controls Total
Hemoglobin P value
No (%) No (%) No (%)
Males
Anemia 6 (20) 7 (23.3) 13 (21.7)
Normal 23 (76.7) 23 (76.7) 46 (76.7)
High 1(3.3) 0(0) 1(1.7) 058
Total 30 (100) 30 (100) 60 (100)
Female$
Anemia 6 (20) 6 (20) 12 (20)
Normal 24 (80) 24 (80) 48 (80) 1.0
Total 30 (100) 30 (100) 60 (100)

Normal level for males +38g/dl, “Normal level for femées 11.516.5/dl (Walker, 2010)

Type of Treatment

Type of treatment is divided into three categories:

1 Diet

2 OralHypoglycemicAgents QHA)

3 Diet & OHA.

The results obtained show that 23.3%T@DM patientsare on diet alone. 38.3% are on
OHA, the same peentage is on OHA and DietBiguanides & Sulphonylurea
combinations percentage (73.9%) were the highest amongpée ¢y oral hypoglycemic

agentqtable 5).
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Table 5: Type of Treatment for the Diabetic Group

Type of Treatment No. %
Diet alone 14 23.3
OHA 23 38.3
Diet & OHA 23 38.3
Total 60 100
Type of OHA

Biguanides 6 13
Sulphonylurea 6 13
Biguanides&Sulphonylurea 34 73.9
Total 46 100

Complications of DiabeteaViellitus

Complications of DM are classified into retinopathy, neuropathigpetic foot and
cardiovascular complication®lo proteinuria was detected among diabetic grahpee

cases have glucosuria, and the average of serum creatinine was 0.71 (£0.13) minimum 0.5
& maximum 1.0 mg/dIThe collected data in table 6 shedvthat25% of T2DM patients

suffer from retinopathy, 31.7% have neuropathy, 11.7 % hdigbeticfoot and 5% have

cardiovascular.
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Table 6: Prevalence of Complication of Diabetes in Diabetiatients

Complication No. %
Retinopathy

Yes 15 25
No 45 75
Neuropathy

Yes 19 31.7
No 41 68.3
Foot Complication

Yes 7 11.7
No 53 88.3
Cardiovascular Complication

Yes 3 5
No 57 95
Nephropathy

Yes 0 0
No 60 100

Dietary Intake Behavior

Table 7showed that there aifferent dietary intake behavi@amongT2DM patientsand
normal controlsincluding number ofdaily meals, main meal, having snacks between
meals, red meat intake behavior, poultry intake behavior, fish intikiey products

intake type of bread intake.

Number of daily Meals

Accordingto the results shown in table hore than half of the participantave< 3
meals per day (58.3%). Regarding less than 3 meals, aif@Dlil patients55% was
lower than amonghormalcontrols(61.7%) Regarding more thanrBeals, 1.7% oT2DM
patientshave >3 meals daily while 5% afontrols havenore than 3 mealsiowever, the

association was statistically insignificgfvalue=0.75
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Main Meal

According to the results shown in table Tunch is the main meal in most of the
participants (62.5%). Regardj breakfast as the main mezl,.7%of T2DM patientshave
their breakfast while 26.7% aformal controls have their breakfafRkegarding Dinner,
15% of T2DM patientshave their breakfast while 11.7% pérmal controls have. fie
differences among2DM patients and normal controlsregarding the main meal are

statistically insignificanP value=0.36) (table 7)

Having Snacks between Meals:
In table 7, he percent oT2DM patientshaving snacks between meals (66.7%) higher
than the percent aformal cotrols having snacks between meals (63.3%), however the

association was statistically insignificaRt\{alue=0.70).

Red Meat Intake Behavior

Table 7showed that most of the participants eat fat trimmed meat (86.3%), Af2iig
patients the percent of diatics eat trimmed meat (76.7%) lower than the percent of
normal contrad eat trimmed meat (96.7%) and the percentT2DM patients eat
untrimmed meat (10%) higher than the percenhafmal controlswho eat untrimmed
meat (3.3%) and these differences wirend to be statistically significanp (value=
0.003).

Poultry Intake Behavior

The data collected in Table $how that the majority of participan{®6.7%) were
consuming skinless poultry. The percenfT@DM patientswho consume skinless poultry
(93.3%) is lower than the percent nbrmal controlsvho consume the same (100%) and

these differences were found to be statistically signifigant(ue=0.04)(table 7)

Fish Intake
The results obtained show that most of the participants consume fish (%nh2%he
association amon@2DM patientsand normal controlswas found to be statistically

insignificant(table 7.
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Dairy Products Intake

The results shown in tabléreveal that there is statistical significant difference between

T2DM patientsandnormal controlsregarding dairy product intak® ¢alue=0.05).
Regarding dairy products,. 8 % of partici pants dondt consu
Whole fat dairy products The percent ohormal controlsconsume whole fat milk is 5%.

No one ofT2DM patientsconsume \lole fat milk.

Low Fat: The percent of2DM patientsconsume low fat milk (68.3%) is lower than the

percent ohormal controlconsume low fat milk (76.7).

Skimmed Fat: The percent ®2DM patientsconsume skimmed milk (23.3%) is higher

than the percent aformal controlonsume skimmed fat (15%tgable 7)

Types of Bread Intake

The results shown in tabléreveal that there is statistical significant difference between
T2DM patientsandnormal controlsegarding the type of bread intake\alue=0.02).

Refined lead: Most of the participants consume refined bread (78.3%). The percent of
T2DM patientsconsume refined bread (68.3%) is lower than the percemtoohal
controlsconsume refined bread (88.3%).

Whole grain: The percent @2DM patientsconsumewhole grain (21.7%) is higher than

the percent ohormal controlonsumevhole grainbread (8.3%).

Mixed: The percent oT2DM patientsconsume mixed (refined & whole grain) (10%) is

higher than the percent nbrmal controlsonsume the same (3.3%)
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Table 7: Dietary Intake Behavior of Study Participants

Variables T2DM Patients Controls Total P value
No (%) No (%) No (%)

Daily Number of Meals

< 3 meals 33 (55) 37 (61.7) 70 (58.3)

3 meals 26 (43.3) 20 (33.3) 46 (38.3) 0.36
> 3 meals 1(1.7) 3 (5) 4 (3.3) '
Total 60 (100) 60 (100) 120 (100)

Main Meal

Breakfast 13 (21.7) 16 (26.7) 29 (24.2)

Lunch 38 (63.3) 37 (61.7) 75 (62.5) 0.75
Dinner 9 (15) 7 (11.7) 16 (13.3) |
Total 60 (100) 60(100) 120 (100)
Having Snacks between Mesa

Yes 40 (66.7) 38 (63.3) 78 (65)

No 20 (33.3) 22 (36.7) 42 (35) 0.70
Total 60 (100) 60(100) 120 (100)

Red Meat Intake Behavior

Trimmed 46 (76.7) 58 (96.7) 104 (86.3)
Un-trimmed 6 (10) 2 (3.3) 8 (6.7) 0.003
No Red Meat Intake| 8 (13.3) 0 (0) 8 (6.7) '
Total 60 (100) 60 (100) 120 (100)
Poultry Intake Behavior

Skinless 56 (93.3) 60 (100) 116 (96.7)

With Skin 4 (6.7) 0 (0) 4 (3.3) 0.04
Total 60 (100) 60(100) 120 (100)

Fish Intake

Yes 59 (98.3) 60 (100) 119 (99.2)

No 1(1.7) 0 (0) 1(0.8) 0.31
Total 60 (100) 60(100) 120 (100)

Dairy Products Intake

Whole Fat 0 (0) 3(5) 3(2.5)

Low Faf 41 (68.3) 46 (76.7) 87 (72.5)
Skimmed Fat 14 (23.3) 9 (15) 23(19.2) | 0.05
No Intake 5 (8.3) 2 (3.3) 7 (5.8)

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

Type of Bread Intake

Refined 41 (68.3) 53 (88.3) 94 (78.3)

Whole Grain 13 (21.7) 5 (8.3) 18 (15) 0.02
Mixed 6 (10) 2 (3.3) 8 (6.7) '
Total 60 (100) 60(100) 120 (100)

Low fat contains 1% falZSkimmed fat contains no fat

Seeds and Nut$ntake

Table 8shows different types of seeds and nuts intake arfi@iM patientsand normal

controls.
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Seeds Intakethe current studyound that most of participants consumed watermelon
seeds (52.2%). The percentagenairmal controlssonsumed wateretonseeds (65%) was
more thanT2DM patientsconsumedanly watermelon seeds (40%).

The percentage of2DM patientsconsumed sunflower seeds (6.7%) was slightly more
than the percentage nbrmal controlxonsumednly sunflowerseeds (5%).

Also, the percentagof T2DM patientsconsumed watermelon and sunflower seeds (6.7%)
were more than the percentagenofmal control€onsumed the same.

The current results show th&2DM patientsdid not consume seeds (48.3%) more than
normal controlg28.3%). The differeres were found to be statistically significaptvalue

= 0.04).

Nuts Intake:Our study showghat mostT2DM patientsd i dndét consume nut s
thannormal controlg28.3%).Normal controlsconsume almonds, cashew, hazelnuts and
pistachio more thanT2DM patients the differenceswere statistically significant

(p value=0.05).

Table 8: Study Participants Intake of Seeds and Nuts

Variables Diabetics Non-Diabetics Total P
No (%) No (%) No (%) | value

Seeds Intake

Watermelon Seeds 24 (40) 39 (65) 63 (52.5)

Sunflower Seeds 4 (6.7) 3 (5) 7 (5.8)

Watermelon & Sunflower| 3 (5) 1(1.7) 4 (3.3) 0.04

No Seeds Intake 29 (48.3) 17 (28.3) 46 (38.3)

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

Nuts Intake

Almonds 8 (13.3) 13 (21.7) 21 (17.5)

Cashew 2(3.3) 7 (11.7) 9 (7.5)

Hazelnuts 10 (16.7) 14 (23.3) 24 (20)

Pistachio 2 (3.3) 2(3.3) 4 (3.3) 05

Almonds & Cashew 4(6.7) 5(8.3) 9 (7.5)

All Nuts 1(1.7) 2 (3.3) 3(2.5)

Dondét | nt ak ¢33(55) 17 (28.3) 50 (41.7)

Total 60 (100) 60(100) 120 (100)
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TeaType and Sweeteling Substances

Type of Tea

Table9 indicatedthat mos participants drink bldctea (71.7%) anthe percent oT2DM
patientswho drink black teas (76.7%)which is higher thamormal controlsdrink black
tea (66.7%)The percent oT 2DM patientdrink green tea (3.3%) is lower than the percent
of normal controlsdrink green tea (8.3%)nly 22.5% of participants did not drink tea
(22.5%). The differences found to be statistically insignificantajue= 0.36.

Sweetening Substances

Sugar: The percent @i2DM patientsuse sugar (77.1%) as sweetening substance for tea is
lower than the percent abrmal controlaise sugar (95.6%).

Saccharine: The percent B2DM patientsuse saccharin (12.5%) as sweetening tsulce

for tea is higher than the percentnmirmal controlaise saccharin (2.2%).

No sweetener added: The percenT2DM patientswho did not use sweetening substance
for tea (10.4%) is higher than the percenthofmal controlsvho did not use sweetening

substance (1%All the results were found to be statistically significgmzalue=0.03).

Table 9: Study Participants Tea Drinking Behavior

Ve T2DM Patients Controls Total S
No (%) No (%) No (%)

Type of Tea

Green 2 (3.3) 5 (8.3) 7 (58)

Black 46 (76.7) 40 (66.7) 86 (71.7) 056

Donot Te|l2(20) 15 (25) 27 (22.5)

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

Sweetening Substance

Sugar 37 (77.1) 43 (95.6) 80 (86)

Saccharine 6 (12.5) 1(2.2) 7 (7.5) 0.03

No Sweetener 5(10.4) 1(2.2) 7 (5.2)

Total 48 (100) 45(100) 93 (100)
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Cooking Behavior

Cooking methodsIn the presenstudy, there was no statistically significant difference
between T2DM patients and normal controlsregarding the cooking behavior of

participants |§ value=0.90).

Type of fat used in cookingThe results shown in table 1@veal that there is no
significant difference betweeh2DM patientsand normal controlgegarding the type of

fat used in cookingR value=0.59).

Plant Oil: The percent afi2DM patientsuse plant oil in cooking (96.7%) is more than the

percent ohormal controlsise plant oil in cooking (93.3%).

Ghee: The percent Gi2DM patientsuse Gee in cooking (1.7%) is lower than the percent
of normal controlsise Gee in cooking (5%).

Plant oil and Gee use: The percent of use of mix of plant oil and gee is equal in both

T2DM patientsandnormal controlg1.7%).

Type of plant oil used

There was statisticallysignificant regarding the type of plant oil used (P=0.07).

Olive Oil: The percent off2DM patientsuse olive oil (3.3%) is lower thanormal

controlsuse olive oil (6.7%).

Corn Oil: The percent oT2DM patientsuse corn oil (21.7%) is lower thamormal

controlsusecornoil (40%).

Soya Oil: Only 1.7% off2DM patientuse soya oil.

SunflowerQil: 76% of participants use sunflower oil, amoRgDM patientsthe percent
of sunflower oil using (73.3%) is higher than the percent amongal control$53.3%).
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Table 10: Study Participants Cooking Behavior

_ T2DM patients Controls Total

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

CookingMethods

Roasted 7 (11.7) 5(8.3) 12 (10)

Boiled 11(18.3) 11 (18.3) 22 (18.3)

Fried 7(11.7) 7 (11.7) 14 (11.7) 0.90

All Types 35 (58.3) 37 (61.7) 72 (60)

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

Type of Fatused in Cooking

Plant 58 (96.7) 56 (93.3) 114 (95)

Ghee 1(1.7) 3 (5 4 (3.3) 0.59

Mixed Use 1(1.7) 1(1.7) 2(1.7)

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

Type of Plant Oil used

Olive Oil 2 (3.3) 4 (6.7) 6 (5)

Corn Oil 13 (21.7) 24 (40) 37 30.8)

Soya Ol 1(1.7) 0 (0) 1(0.8) 0.07

Sunflower Oil | 44 (73.3) 32 (53.3) 76 (63.3)

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

Physical Activity

The results shown in Table lihdicate that mosof the participants (60%) have no
physical activity. The percenf @2DM patientswho dophysical activity (35%) is lower
than the percent aformal controlg45%) have physical activity, however there was no

statistically significant (P=0.26).

Type of Physical Activity
Walking: Most of the participants have walking #® most type of physical activity
(85.4%). The percent of2DM patientswith walking activity (90%) is more than the

percent ohormal controlsvith walking activity (81.5%).
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Running: The percent of2DM patientswith running activity (4.8%) is lower thatine
percent ohormal controlswith running activity (11.1%).
Other types of physical activity: about 4.8% ©2DM patientshave other physical

compared with 7.4% aformal controls

Number ofDays per Week Physical Activity

The number of days per wephysical activity is categorized into one, two, three, four and
sevendays.The findings were found to be statistically significaPt/alue=0.02).

The percent off2DM patientswalking for one dayper week(61.9%) is higher than the
percent ohormal contols (44.4%).The percent aformal controlsvalking for two days is
18.5% while noT2DM patientspractice walking for two day3.hree daysThe percent of
T2DM patientswvalking forthreeday (33.3%) is higher than the percenhofmal controls
(11.1%).Fou days The percent ohormal controlsvalking for four days is 11.1%even
days: Thepercent of T2DM patientswalking for seven days (4.8%) is lower than the

percent ohormal control14.8%).

Duration of physical Activity

The duration of physical deity categorized into 20 minutes, 30 minutes, 60 minutes and
120 minutes.

20 minutes: The percent ®2DM patientswith duration of 20 minutes per session (4.8%)
is lower than the percent nbrmal controlswith the same duration (14.8%).

30 minutes: Theercent ofT2DM patientswith duration of 30 minutes per session (19%)
is lower than the percent nbrmal controlsvith the same duration (33.3%).

60 minutes: The percerdf T2DM patientswith duration of 60minutes per session
(52.4%) is higher than thgercent ohormal controlsvith the same duration (33.3%).

120 minutes: The percewf T2DM patientswith duration of 1P minutes per session

(23.8%) is higher than the percentnairmal controlsvith the same duration (18.5%).
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Table 11: Study Participants Physical Activity

W T2DM patients Controls Total E—
No (%) No (%) No (%)

Physical Activity

Yes 21 (35) 27 (45) 48 (40)

No 39 (65) 33 (55) 72 (60) 0.26

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

Type of Physical Activity

Walking 19(90) 22 (81.5) 41 (85.4)

Running 1(4.8) 3(11.1) 4 (8.3) 0.66

Other 1(4.8) 2(7.4) 3(6.3)

Total 21 (100) 27 (100) 48 (100)

No. of Days per Week Physical Activity

One day 13 (61.9) 12 (44.4) 25 (52.1)

Two days 0 (0) 5 (18.5) 5(10.4)

Three days 7 (33.3) 3(11.1) 10 (20.8) 0.02

Four days 0 (0) 3(11.1) 3(6.3)

Seven days 1(4.8) 4 (14.8) 5(10.4)

Total 21 (100) 27 (100) 48 (100)

Duration of Physical Activity

20 minutes 1(4.8) 4 (14.8) 5(10.4)

30 minutes 4 (19) 9 (33.3) 13 (27.1)

60 minutes 11 (52.4) 9 (33.3) 20 (41.7) |0.35

120 minutes 5 (23.8) 5 (18.5) 10 (20.8)

Total 21 (100) 27 (100) 48 (100)

Means of Zinc, Magnesium, Copper, and Iron Content in Food Intake among
T2DM patients and Controls Groups

The results shown irable12 reveal that there is no significant difference betw&2BbM
patientsand normal controlsregarding the means Zin Magnesium, Copper, and Iron

content in foodntakes consumed by particigan
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Zinc Rich Food

The mean of Zn rich foomhtakewas slghtly higher(4.02mg/day)amongnormal controls
than T2DM patients(3.86 mg/day) but this difference was statistically insignificént
value=0.69.

Copper Rich Food

The mean of Copper rich foddtake was higheramongnormal controlg1.51 mg/day)
than T2DM patients (1.33 mg/dl) but this difference was statistically insignificant
(P value=0.5)).

Magnesium Rich Food

The mean of Mgich food intake amongnormal controlg167.8 mg/divas higherthan
T2DM patients (149.35 mg/dl) but this differace was not statistdly significant
(P value=0.25).

Iron Rich Food

The mean of Iron rich foomtakewas slightly higher amon§2DM patients(3.39 mg/dl)
than normal controls(2.90 mg/dl) but this differencewvas statistically insignifican(P
value=0.37)

Table 12T test Comparing the Means of Zinc, Magnesium, Copper, and Iron
Content of Daily Food Intake amongT2DM patients and Controls Groups

Variable | Research Category | No. | Mean SD t P value
Zinc Rich T2DM patients 60 3.86 3.00 -0.30
Food (mg) Controls 60 4.02 2.31 -0.30 069
Copper Rich | T2DM patients 60 1.33 158 | -0.64 0.51
Food (mg) Controls 60 | 151 | 1.41 | -0.64
Magnesium T2DM patients 60 | 149.35| 69.33 | -1.13 0.25
Rich Food(mg) | Controls 60 | 167.80| 105.02| -1.13
Iron Rich T2DM patients 60 3.39 3.52 0.89
Food (mg) Controls 60 2.90 2.24 0.89 037

Means of Hemoglobin and Biochemical Findings amon@2DM patients and
Controls Groups

The biochemical measurements incluéfedting Blood Sugar (FBSElycosylated Hb

(HbA1c), serum Zinc,exum Copper, serum Magnesiuamd serum iron.
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Hemoglobin Hb): The mean of Hb among diabetics (13)88dl) was nearly equal to
nondiabetics (13.2gm/dl).

Fasting Blood Sugar (FBS):Biochemical measurementiemonstrate that the average
level of FBS in tle study population is 127.11 haly The mean of FBS is higher T/2DM
patients(162.32mg/dl) thannormal controlg91.98mg/dl) and this difference was found

to be statistically significanp(value=0.00).

HBA1c: Biochemical measurementemonstrate tha the average level of HbAlc in the
study population is 6.39n/dl. The mean of HbAlc is higher iT2DM patients
(7.4egm/dl) than normal controls(5.3Zm/dl) and this difference was found to be

statistically significan{p value=0.00)

Serum Zinc: Biochemtal measurementdemonstrate that the average level of serum
zinc in the study population is 88@/dl. The mean of seruminc is lower inT2DM
patients(82.10) thannormal controls(85.3Qug/dl) and this difference was found to be
statistically significat(p value=0.03).

Serum Copper: Biochemical measuremendemonstrate that the average level of serum
copper in the study population is 93.2%dl. The mean of serurwopper is lower i 2DM
patients than normal controls (94.2Qug/dl), however difference v&a found to be

statistically insignifican{p value=0.49).

Serum Magnesium: Biochemical measurementemonstrate that the average level of
serum magnesium in the study population is 2092dl. The mean of serummagneium is
lower in T2DM patients(2.0 mg/dl) thannormal controlg2.04mg/dl) and this difference

was found to be statistically significafpt value= 0.04).

Serum Iron: Biochemical measurementemonstrate that the average level of serum
iron in the study population is 88.88g/dl. The mearof serumiron is higher inT2DM
patients(89.53 mg/dl) thannormal controls(87.83 mg/dl), however difference was not
found to be statistically significafp value= 0.43)(table 13).
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Table 13 T test Comparing the Means of Hemoglobin and Biochemical Rdings
among T2DM patients and Controls.

Variable | Research Category No.| Mean SD t P value
Hemoglobin | T2DM patients 60 13.39 | 1.78 0.41 0.67
gm/d| Controls 60 13.27 | 1.53 0.41
FBS T2DM patients 60 | 162.23| 50.88 | 10.51
mg/dl Controls 60 9198 | 9.34 | 10.51 000
HbAlc T2DM patients 60 7.46 1.07 13.64
gm/dl Controls 60 | 5.32 | 055 | 13.64 000
S. Zinc T2DM patients 60 82.10 | 8.58 -2.13
ug/dl Controls 60 85.30 | 7.85 -2.13 003
S. Copper T2DM patients 60 | 92.32 | 12.69 | -0.68 0.49
ug/dl Controls 60 94.20 | 1711 | -0.68
S. Magnesium | T2DM patients 60 2.00 0.11 -2.03 0.04
mg/d| Controls 60 2.04 0.11 | -2.03
S. Iron T2DM patients 60 89.53 | 11.74 | 0.77
ug/dl Controls 60 87.83 | 12.14 | 0.77 043

Relationship betweenT2DM patients

Elements.

Serum Magnesium:

and Controls Regarding Serum Trace

Table 14 reveal thahe majority ofthe study participants have serum Mg level within
normal range (95.8%) and only 4.2% of them have high |&us. percentof T2DM
patientswho have high serum Mdevel 2.2 mg/dl) represent oly 1.7% of study
participants whiclwas lowe thannormal control46.7%); thedifference was statistically

significant(P value=0.05)

Serum Zinc:

The results obtaed in table 14 reveal that most of study participants (98¢ normal
serum zinc levie no one of them exceeds the upper limit of normal. However, 10% of
them have low levelThe percent ofT2DM patientsthat have low serum zinc level &
ug/dl) (13.3%) was higher thamormal controlg6.7%)The differencewvas notstatistical

significane.
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Serum Copper:

Table 14 shows thahe study participants (95%) have normal serum copper level; no one
of them exceeds the upper limit of normal and only 5% have low level. Only 3.3% of
T2DM patientshave low serum copper level (%0 ug/dl) (3.3%)while 6.7% ofnormal
controls have low serum level the difference was statisticallynsignificant (P
value=0.40)

Table 14: Serum Magnesium, Zinc and CoppeiRelationship betweenT2DM patients
and Controls Groups

NS Diabetics Non-Diabetics Total i
No (%) No (%) No (%)

S. Magnesiurh

Normal 59 (98.3) 56 (93.3) 115 (95.8)

High 1(1.7) 4 (6.7) 5(4.2) 0.05

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

S. Zin¢

Low 8 (13.3) 4 (6.7) 12 (10)

Normal level 52 (86.7) 56 (93.3) 108 (90) 0.22

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

S. Coppet

Low 2 (3.3) 4 (6.7) 6 (5)

Normal 58 (96.7) 56 (93.3) 114 (95) 0.40

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

Normal (1.72.2mg/d)) and high (>2.2ng/d)Midline Plus, (2013)
“Normal (75120ug/dl), Low (< 75ug/dl) (Kratz et al.,2005).
®Normal (70-140ug/d), Low (< 70 ug/dl)(Kratz et al.,2005).

Serum iron of participants was within the normal range- 158 ug/dl) Walker, 2010)

Acceptable Control of Diabetes Mellitus versus Poor Control

Diabetic control state wasategorized according to FBS, HbAlc into acceptabteparor

control. FBS (0140 mg/dl is acceptable #40 mg/dl is poor control) (UNRWA, 2009)

HbAlc (HbAlc:< 7gm/dl isacceptable controf) ym/dl ispoor control)(ADA, 2012)
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According to FBS; the percent acceptable control is (41.7%) is lower than poor control

(58.3%).

According to HbAlc; the acceptable contveds determined whenahHbAlc <7%, the

percent of acceptable control is (28.3%) is lower than poor control (7{taBt 15)

Table 15: Stde of Diabetic Control

_ Acceptable Control | Poor Control Total
Variables
No (%) No (%) No (%)
FBG 25 (41.7) 35 (58.3) 60 (100)
HbAlc 17 (28.3) 43 (71.7) 60 (100)

The Means of FBS and Hemoglobin Alc among Acceptable and Poor Control
of Diabetic Group

Table 16 shows that the mean of FBS in acceptable control (1d%/d) is lower than
the mean of FBS in poor contr¢196.14 mg/dl). The mean of KAc in acceptable
control (6.2m/dl) is lower than the mean of Hihc in poor control (7.99gm/dl). The

association was statistically significant (P=0.00).

Table 16 T test Comparing the Means of FBS and Hemoglobin Alcamong
Acceptable and Poor Control of Diabetic Group

Variable | Research Category*| No.| Mean SD T | Pvalue
FBS Acceptable Control 25 | 1146 | 16.24 | -9.98
mg/d| Poor Control 35 | 196.14| 38.27 | 11.24 000
HbAlc Acceptable Control 17 6.25 0.66 | -7.79 0.00
gm/dl Poor Control 43 7.94 0.79 | -8.38

Means of Hemoglobin and Biochemical Findings among Acceptable and Poor
Control of Diabetic Group

Hb: The mean of Hb in acceptable control (13348dl) is nearly equal to Hb in poor
control (13.3gm/dl). However, the association was not statistically significait
value=0.88).
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Serum Zinc: The mean of serum zinc was higher (82.46) in the poor control oftidisbe
patients than the mean among acceptable control (81.60). However the association was not
statistically significant® value=0.70).

Serum Copper: The mean of serum copper was lower (98d)@l) in the poor control of
diabetics patients than the meanaosmg acceptable control (920@dl). However the
association was not statistically significaRtvalue=0.80).

Serum Magnesium: The mean of serum magnesium was lower (In@gdl) in the poor
control of diabetigatients than the mean among acceptableralof.03 mg/dl) and the
association was statistically significapt(alue=0.05)

Serum Iron: The mean of serum iron was higher (90rh§/dl) in the poor control of
diabetic patients than the mean among acceptable control (88dl@l). However the
associfion was not statistically significaf(value=0.40)(table 17).

Table 17 T test Comparing the Means of Hemoglobin and Biochemical Findings
among Acceptable and Poor Control of Diabetic Group

Variable | Research Category*| No.| Mean SD| T P value
Hemoglobin Acceptable Control 25 1343 | 1.25 | 0.14 0.88
gm/dl Poor Control 35 13.36 | 1.10 | 0.15
S. Zinc Acceptable Control 25 81.60 | 6.69 | -0.37
ug/d| Poor Control 35 | 8246 | 9.79 | -0.40 070
S. Copper Acceptable Control 25 92.72 | 12.38 | 0.20 0.80
ug/dl Poor Contrb 35 92.03 | 13.08 | 0.20
S. Magnesium | Acceptable Control 25 2.03 0.11 | 1.54 0.05
mg/dl Poor Control 35 1.98 0.11 | 1.53
S. Iron Acceptable Control 25 88.16 | 8.38 | -0.76
mg/d| Poor Control 35 | 90.15 | 13.68 | -0.82 040

Means of Dietary Intake of Zinc, Copper Magnesium, and Iron among
Acceptable and Poor Control of Diabetic Group

Dietary intake of Zinc per day: The mean of daily intake of zinc amotige acceptable
control (3.96mg/day is higher than the mean amotitge poor control (3.79ng/day),

however theassociation was not statistically significaRtyalue=0.83).
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Dietary intake of Copper per day: The mean of daily intake of copper among poor
control (1.77mg/day is higher than the mean among acceptable control (@g/day

and the association was sstitally significant P value=0.01).

Dietary intake of Magnesium per day: The mean of daily intake of Mg among poor
control (168.71mg/day is higher than the mean among acceptable control (122.24
mg/day and the association was statistically signifiqg@htalue=0.00).

Dietary intake of Iron per day: The mean of daily intakef Iron among poor control
(3.58mg/day is higher than the mean among acceptable control Bdiday, however

the association was not statistically significahvéalue=0.61).

Table 18 T test Comparing the Means of Dietary Intake of Zinc, Copper,
Magnesium, and Iron among Acceptable and Poor Control of Diabetic Group

Variable Research Category No.| Mean SD T | Pvalue
Zinc rich food Acceptable Control 25 396 | 392 | 0.21
mg/day Poor Control 3 | 379 | 2.18 | 0.19 083
Copper rich Acceptable Control 25 0.73 | 1.01 | -2.6 0.01
food mg/day Poor Control 35 1.76 1.77 | -2.8
Magnesiumrich | Acceptable Control 25 | 122.24| 46.74 | -2.69 0.00
food mg/day Poor Control 35 |168.71| 76.63 | -2.90
Iron rich food | Acceptable Control 25 3.11 | 3.50 | -0.50 0.61
mg/day Poor Control 35 3.58 | 3.57 | -0.50

Complications of Diabetes Meltus and Serum Copper, Zinc andviagnesium

Copper: Table 19 revealed thahe percent off2DM patients with complicationand
normal serum coppr (98.1%)are higherthan with low serumcopper (1.9%). The
association was statistically significaRt\{alue=0.04)

Zinc: The percent off 2DM patientswith complicationsand normalserumzinc (86.8%)
are highetthan with low serum zinc (13.2%fowever the association was not statistically
significant P value=0.93).

Magnesium: The percent ofT2DM patients with complicatons and normal serum
magnesium(98.1%) are higherthan with high serum magsium (1%), however the

association was not statcally significant P value=0.71).
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Table 19: Complications of Diabetes Mellitus and Serum Copper, Zinc and

Magnesium
Complication | No Complication Total

Variables* P value

No (%) No (%) No (%)
Copper
Low 1 (1.9) 1 (14.3) 2 (3.3)
Normal 52 ©08.1) 6 (85.7) 58 (96.7) | 0.04
Total 53 (100) 7 (100) 60 (100)
Zinc
Low 7 (13.2) 1 (14.3) 8 (13.3)
Normal 46 (86.8) 6 (85.7) 52 (86.7) | 0.93
Total 53 (100) 7 (100) 60 (100)
Magnesium
Normal 52 (98.1) 7 (100) 59 (98.3)
High 1 (1.9) 0 (0) 1(1.7) |o0.71
Total 53 (100) 7 (100) 60 (100)

*Serum ron levels lie within normal range

Correlation between the Duration of DM and Trace Hements

Table 20revealedthat there isa positive significant correlation betweeserum copper,
magnesium and iron dnduration of diabetes however, the correlation stasistically
insignificant.

Regarding serum zinc | evel the correlation

significant.

Table 20: Correlation between the mration of DM and Serum Zinc, Copper,
Magnesium and Iron

S.zinc | S. Copper | S. Magnesium| S. Iron
Sample size 60 60 60 60
Duration | Correlation - 0.057 0.006 0.02 0.04
Coeffigent(r)
of DM Significance 0.33 0.48 0.43 0.36
P value

60




Chapher

Di scussi on

Diabetes mellitus is a comgt disorder affecting the metabolism of carbohydrates, fat and
protein.It is generally agreed that disturbed body distribution of Zn, Mg, CuFarate
often found in human ubjects with diabetes mellitushis study was conducted to
investigate the assiaion of serum zincmagnesium, coppeand iron among type 2
diabeticpatients.The present studiyavebeen conducted on 120 participants divided into
60 patients withT2DM (30 males and 30 females), &@e matchedhon diabetic

participants asontrols(30 males and 30 females).

Study Participants Characteristics

Age

The highest prevalence of DM in this study was in the age group-©4 4&ars at 63.3%
and this agrees with the prevalenmcealeveloping countries as the majority of pkowith
diabetes aren the 45 to 64/ear age range (Wildt al.,2004).

Marital status

The results of this study shawat DM is more commoamong married participants with
90.8%. This agrees with study conductedndonesia byPrimandaet al.,201]) revealed

that themajority of the diabetipatients were married (91.4%).

Education level

The results of the current studiiowed thatmore than one half cf2DM patients(55%)

have abasiceducation This resultagrees with the study condudtan Qatar byKheir et
al.(2011) which revealed that education status1&% of diabetic patients was with
primary schoolEducation is protective against diabetes; educated people know how to eat

intelligently and diversified their food intake within their calorie needs.

Occupation Status

Our study showed that the percent of unemployed participants were higher B2iivig
patientsthan normal controls This resultagres with study in Jordan bYhattabet al.
(2010) that mor¢han half of thediabeticpatients (68.%) wereunemployed.
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Income

The study results showed a statistically sigaificassociation between inconexel and
the development oF2DM. T2DM patientsare poorer (income less than | day/capith
than controls.This agrees witha study conducted byS( DincaPanaiescuet al.2011)
found that the prevalence of typd® in the lowest income is 4.14 times higher than the

highest income group (9.1% vs. 2.2%)

Anthropometric Measures among Study Participants
Our data showd thatthe obesity is common in thstudy paticipants of bothiT2DM and

normalcontrols

Weight, Height and Waist Circumference

The result of the present study showed a direct statistically significant associatioanbetwe
weight and development of DM;2DM patients were heavier thaormal controlsBeing
overweight is a primary risk factor far2DM. The more fatty tissue, the more resistant
body cells become to insuliMayo Clinic, 2013) The resultsalso revealedhat the mean

of height and WC of 2DM patients is slightly morthannormalcontrols

BMI

Regarding BMl,our study showd thatthe mean of BMI amond2DM patientsis more
than normal controlsMore than half of participants were obese (98 3obese T2DM
patientsrepresen63.3% whilenormal controlgepresent 53.3% however, the differenc
doesndt r each s Thistesult ¢coincidasvith MayogClinic {2018)ahicke e
stated that increased BMI is a risk factor for type 2 diabetes.

Obesity and Abdominal Obesity

The processed data shedthat T2DM patientswere obese more tharormal controls
Obesity is commorrisk factor for diabetes mellitug.he prevalence of obesity by BMI
amongdiabetic patientsn Al Remal health centén Gaza gy reportedthat theproportion
of diabetic patients with obesity wd8.3% (42.3% in males anG9.3% in females)
(MOH, 2004) Generalizecand abdominal obesity were independently associated with risk
of diabetegHirani et al,2008).

Blood Hemoglobin
The study results showed no statistically significant associatibloofl hemoglobin level

amongT2DM patientsandnormal controlsn both sexes, as 63.3 % of participants were
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between 45 64 years old and most of femal@ menopause status so no significant

differences between males and femasgarding blood hemoglobin level

Type of Treatment, Type of Oral Hypoglycemic Agents

The study results showdtlat less than a quarter ®2DM patientson diet alone and
slightly more than third of them on OHAlone andmore than third D patients on
combination of OHA(Biguanides& Sulphonylureqa Those oninsulin therapy were
excluded from the studyOH (2004) stated thahe percent of patientsisits for diet is
1.4%, on OHA69.7%, on combined 23.7%, and on insulin 23.7%. This discrepancy
occurs because the current stiglymple was only on diet and OH#hile the patients
attending the primary health care clinics of MOH were all diabetic patients.

Complications of Diabetes Mellitus

In the current study, high prevalence of chronic complications was found ami2igM
patients with a predominance of nempathy(31.7% and retinopathy(25%) conditions.

This agrees with description study conducted by Zterad (2002), the data of the study
came from 3,469 Type 2 diabeticpatients from 1991 to 2000 in 10 medical centers of
Beijing, Shanghai, Tianjin,ral ChongqgingThe detailed prevalence of chronic vascular
complications is listed as follows: diabetic retinopathy 31.5%, diabetic nephropathy
39.7%, diabetic neuropathy 51.1%, hypertension 41.8%, coronary heart disease (CHD)
25.1%, cerebral vascular disea(CVD) 17.3%, vessel complication of lower limbs
9.3%Agency wideat UNRWA clinicsin 2011, late complications were present in 12.4%
of the NCD patientfUNRWA, 2012).

Dietary Intake Behavior

The presentstudy results showelthat T2DM patientswho haveeaten3 mealsper day are
more thamormal controlsand their main meal is the lunclAlso the present studiesults
showed thaf2DM patientshave snacks more thamormal controlsDiabetic patients are
usually advised to have more frequent small meals.

The study results showetthat normal controlseat trimmed meat more thafi2DM
patients Red meat was a major contributor to hamoe intake, and red meat itself is

positively associated with the risk type 2 diabeteglanget al.,2004).Red meat intake
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Gaza is expensive; so Gazans have little of meat intake if any; they depend on other
sources of protein.

Almost all of study participanteat chicken without skin. Howevenormal controlseat
chicken skinless more thar2DM patients

Fish Intake
Almost all of study participants have eaten fish; it is not surprising result because it is well
known that Gaza Strip in with the study participants live located the shore of

Mediterranean &a. Fish is rich in -3 fatty acids which is protective against a variety of

diseases and lower bad cholesterol.

Dairy Products Intake: The study showe@2DM patientsconsume skimmneemilk more

thannormal controlsDiabetics try to reduce their fat content of diet.

Types of Bread Intake: The study results showed statistical significant difference
betweenT2DM patientsandnormal controlsegarding the type of bread intalkegarding
refined bread,normal controlsconsume refined bread more thar2kDM patients
Regarding wholegyrain, T2DM patientsconsume whole grain more thaormal controls

As regard to mixedrefined and whole grain bread)2DM patientsconsume mixed bread
more thannormal controls The results indicatethat diabetics are orientedwardsthe

importance bwhole grain for regulation of glucose level in blodweto its fiber content

Types of Seeds and Nuts Intake

The results of this study reveala direct and inverse relationship between different types
of nutsand seeds consumption which are rich with Mg, Cu andFe amongT2DM
patientsandnormal controls

The study showedearly half ofT2DM patientsdid not consume seeds or nuts aondmal
controlsconsume all the types of seeds and nuts more BB patients the cause may
be the high cost of nsl and seedsT2DM patientshave low serum levels of zinc ,

magnesium and copper .
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Type of Tea and Drinking Behavior

The study results showed no statistical significant differences aif2blyl patientsand
normal controlsregarding the type of tea eithgreen or blackThe study showed also
normal controlsuse sugar as swesiersubstance more thar2DM patients andT2DM
patientsuse saccharine more thaarmal controlsvhich reflects the awareness of diabetic

patients of diet behavior.

Cooking Behavia
The study showed no statistical significant regarding cooking behavior.
The study showed2DM patientsuse plant oil more thanormal controlsand sunflower

oil is the most type of oil used by diabetic patients.

Physical Activity

The study results showedirect relationship between physicahdativity and diabetes
mellitus the percent of lowphysically active participants was higher in diabetiosre

than nordiabetics.This agreed with the results of a prospectively followed up of 2017
Finnishmen and 2352 Finnish women aged between 45 and 64years without a history of
known or newly diagnosediabetesat baseline conducted by Gaegal, (2004). During

follow up over average of 9.4 yeariere werel20 incident cases of type 2 diabetes.

Physicalactivity wasfound to be inversely associated with the risk of type 2 diabetes.

Zinc, Magnesium, Qopper and Iron Rich Food Intake among Study
Participants

The results of this study revealad indirect relationship betweamntake of different types
of foods rich in Zinc, Magnesium, Copper and Iron amd2@M patientsand normal

controls.

Zinc Rich Food:

The mean of Zn rich food was slightly highdr@2 mg/dayamongnormal controlghan
T2DM patients(3.86 mg/day) but this difference @as statistically insignificantf2DM
patients also have low serum of zinc thanormal controls,which agreed with

a prospective study of Zinc intake and risk of Type 2 diabetdd.$h wamen which
resulted that higheridc intake may be associated with a slightly lower risk of type 2

diabetes in women (Suet al., 2009. However, Plasma zinc levels were comparable
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between diabetic and natiabetic subjects in a study conducted by Zaeja. (1998),
The normal dietary intake of zinc per day for males aged more than 13 years is 11 mg/day
and for females aged more than 18 yearsrig/8ayAlperset al(2008. It is obvious that
the average dietary intake of zinc per day of the current gtadizipants is belomormal
and this is justified by low content of zinc in diet

In our study the daily intake of zinc was calculated accordiggders et al.2008), three
ouncss of beef meat contains 5.44 mg of Znreeounces of beef liver contais 5.3 mg of
Zn, three ouncesof turkey contain 3.35 mg of Zn. M@ handful of watermelon seeds
contains2.9 mg of Zn, one handful of pumpkin seedstains2.17 mg of Zn, one cup of
yogurt contais 2 mg of Zn,while one chicken thigh contain 1.45 mg of Zn

Copper Rich Food:

The result of the present study showldt he mean of Copper rich food was higher
among normal controls(1.51 mg/day) thanT2DM patients (1.33 mg/dl), but this
differenceis small andstatistically insignificant.This result contradied with a case
control study which discovered thadpper levels were significantly elevated (p < 0.01) in
diabetic patient§Zargaret al., 1998)The normal dietary intake of copper per day for
adults aged more than 18 year®i9 ng/day (Alperset al., 2008). The daily intake of
copper by present study participants exceeds the normal daily intake.

In the presentstudy the daily intake otopperwas calculated according to Alpers et
al.(2008 ) threeounces of beef liver contain 21 mg of Cu, one handfdashew contain
0.63 mg of Cu, one handful of sunflower seeds costaib2 mg ofCu, one cup of lentil
contairs0.5 mg of Cu, one pomegranate contains 0.45 mg of Cu, one cup of date contains
0.3 mg of Cyone teaspoon of sesame seeds (Tahina) cont@isr@ of Cu

Magnesium Rich Food:

The result of the present study showed mean of Mgich food was higher among
normal control§167.8 mg/dl) thad 2DM patientg149.35 mg/dl), but this difference was
not statistically significantThis coincides witha metaanalysisstudy which provides
further evidence supporting that magnesiuntake is significantly inversely associated
with risk of type 2 diabetes in a desssponsenanner(JiaYi Donget al.,2011)

In our study the daily intake dflg was calculagd according to Alpers et al.(2008half
cup of cereals contain 160 no Mg, one handful of pumpkin seeds contain 156 ahg
Mg, one handful of watermelon seeds corgaid6 mgof Mg, one cup of whole milk 109
mg of Mg, half cup of spinach 80 mgf Mg, one handful of almond contains 80 g
Mg, one cupof date contains 63 mgf Mg, 2 cup of black bearsontains60 mgof Mg,
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onemedium avocado contains 58 Mg, half cup ofokra contains 57 mgf Mg, one

medium of potato contains 48 m§Mg andhalf cup oflima beans contain 41 naj Mg.

Iron Rich Food:

Dietary iron intake is an important determinant of body stores, especially in men and
postmenopausal women whmave no physiologic mechanism to eliminate excess iron.
Heme iron, which is presemh red meat, fish, and poultrys highly bioavailable and
contributes about onrlealf of thetotal bioavailablaron in the typical US diet @hget al.,
2004).

The result of the present study showbd mean of Iron rich food was slightly higher
amongT2DM patients(3.39 mg/dl) thamormal controlg2.90 mg/dl), but this difference
was statistically insignificanfT2DM patientshave higher average serum iron thatmal
controls A prospective cohort studyddget al.,2004) found that neither total irontake

nor blood donations were associateith risk of type 2 diabeted$n the presenstudy the
daily intake oflron was calculated according to Alpers et al.(20@@eeounces chicken
liver contain 10.9 mgthree ouncesof beef liver contain 6.54 mdjalf cup of cooked
spinach contains 3.21 mg, 3 ounces of beef or lamb or veal meat contain 2&lfrogp

of lima beans contain 2.25 mg, one handful of pumpkin seeds contain 2.29 and one

hardful cashew contains 1.7 mg obn.

Means of Hemoglobin and Bigchemical Findings amongStudy Participants

The biochemical measurements includeakting Blood Sugar (FBS¥lycosylated Hb
(HbAlc), serum Zinc, seru@opper, serum Magnesium, seruani and creatinine.
Hemoglobin The currentstudy results showed no stditally significant differenceof
average of blood hemoglobin leveahang T2DM patientsandnormal controlsHowever,
Kwon & Ahn. (2012) stated thatnemia is relatively common in patients with diabetes
mellitus, and low hemoglobin concentration contrdsutto many clinical aspects of
diabetes mellitus or its progressidine effect of diabetes on blood hemoglobin in the
current study is not apparent because all participants are of normal renal function;

nephropathy is associated with anemia due to lapkazfuction of erythropoietin.
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Fasting Blood Sugar: The result of this study founihat FBS level is higher imf2DM
patientsthannormal controlswith statistical significangewhichis a logical finding The

average of FBS of the study participants ithwi the acceptable control.

HbAlc: The result found the mean of HbAlc is higherT@DM patientsthan nemal
controlsand this difference was found to be statistically significant and logical findings

because the control group is healthy ones

Mineralsin addition to being a structural component of body tissues are also involved

in various physiological processes, such as proper metabolism and energy production.
They also play a clear role in the synthesis, storage and secretion of insulin as well as its
conformational integrity. DM is a complex metabolic disorder affecting metabolism of
carbohydrates, lipids and proteingbyaet al.,2011).

Serum Zinc: The lower mean serum zinc level of diabetic patients in comparison to
healthy controls noticed in thistudy is in agreement with many studass the study
carried out in lraq by (AMaroof & Al-Sharbatti 2006) that concluded thaliabetic
patients have significantly lower mean serum zinc levels compared with healthy controls.

In addition it agrees withthe study conductedly (Tripathi & Srivastava, 2006who
showed that diabetic subjects had significantly lower serum concentrations of Zn, Cr and
Mg as compared to the controls and exhibited significant increase in serum glucose levels.
Rosner,et al, Sdivan, et al, and Pidducket al, concluded that plasma zinc levels
decreasen diabetics while Daviest al, Constamgt al.;" and Buczkowskie believe the
contrary(Emamiet al.,1990).

This finding may partly explain the lower mean serum zinc lepehd in the studied
diabetics, since it has been reported by many studies that circulatory zinc level (either
plasma or serum) is a sensitive indicator of alteranogietary zinc intakgAl-Maroof &
Al-Sharbatti 2006).Lower level of serum zinc couldebdue to twdactors: high phytate
content of our staple food (bread), decreasing effect of phytate on zinc absorption, amount
of zinc in daily diet (aboutrdg/daytapta.) (Emamet al.,1990).

Serum Copper: The current study showeithat he averagdevel of serum copper is
higher innormal controlshanT2DM patientsand this can be due to using a calometric
absorbance method which is less sensitive than atomic absorption method which is
considered as the reference method of trace elements det€ujgoe is the third most
abundant essential trace element in the body. Copper is present in the body combined with
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enzymes to form metalloenzymes such as caeruloplasmin and superoxide dismutase
(SOD). These enzymes play major roles in redox reactions, andidatibdefenselt has

been postulated that copper possesses iifilkBnactivity and promotes lipogesis.
Human studies demonstrdtéhat diabetic patients may have abnormal levels of serum
copper (Olaniyaret al.,2012) Clinical studies of type 2 dimetes have shown alterations

in copper metabolism in this diseas$® €t al.,2001). The present studsesuls showed a
decrease in serum copper level in diabtitviduals which is consistent with the findings

of (Hasan 2013. It is not yet known, whiler that abnormalities in copperetabolism

noted in these subjects are a consequenctheofdisease or they play a role in the

progression of thdisease.

Serum Magnesium Magnesium is acofactor for several enzymes involved in
carbohydrate metabolisrithere is a strong relationshijetween magnesium and insulin
action. Magnesium ignportant for the effectiveness of insulin. A reductiommafgnesium

in the cells strengthens insulin resistanbéshira 2012).The principal findings of the
present study waa significantow serum Mg among diabetitsannondiabetics which is
similar to the findings of Supriyat al (2013) that showed decreased level of magnesium
in cases axompared to controlsHypomagnesemia is frequently present in diabetic
patients, however there is noan exact elucidation of the mechanism of magnesium

deyciency i n (8dead&Pedrosas2006e | | i t us.

Serum Iron: Ironis the most abundant transitiomaktal in the bodyOur study showed

that diabetic patients have mean level of iron more thandrebeticsThe crucial role of

iron in the pathophysiology of diseasedsrived from the easiness with which iron

is reversibly oxidized and reduced. Thi®perty, while essential for its metabolic

functions, makes iron potentiallyazardous because w$ ability to participate in the
generation of powerfudxidant species suas hydroxyl radical (Mohamme@013).

This coincides thatron plays a direct and causal role in diabetes pathogenesis mediated
both by b cell f a i(Bimcox& MeChaith, 2013).s ul i n r esi st ar
Hereditary hemochromatosis is an inherited disorder of iron metabolism that leads to
progressive, parenchymal, aglr iron overload in many tissues of the baalyarticular

in the liver, pancreas The classic triad of cirrhosis, diabetes mellitus, and skin
pigmentationTavill, 2013).
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Acceptable Control of Diabetes Mellitus versus Poor Control

According to HbAlc,he currentstudy results shoadthat 711 % of diabetic patients are
poorly controlled. And according to FBS, 58.3% of diabetic patients were poorly
controlled. This agreewith the result of a descriptive study conducted in Pakistan by
Shaikhet al. (2008) as fivehundred diagnosed patients gpé 2 diabetes mellitus were
included in thisstudy. Control of bloodugar was evahted by fasting blood sugar, two
hours pogirandial blood sugar, urine detailegbort andHBALc. The study showethat

the majority of patients had unacceptable control of diabetes mellitus. Three hundred and
sixty-six (73.2%) patients had poor control of blood glucose, while only 134 (26.8%)
patientshad acceptable control of blood glucose.

Glycosylated hemoglobin (HbAlc) is thmest index of the control of diabetes, since it
providesinformation about the degree of glycemic controtha last two to three months
and should remain below 7% (Sim6& Hernandez, 2002).

The study results showed that the mea®B% and HbAlc irpoor contols of diabetics

are more thann acceptable controldt agrees with a retrospective studgnductedin
Riyadhby Azab. (2001) was carried out to assess cownfrblood glucose among diabetic
patients attendin§rimary Health Care Centers in Riyadin Azab study FBGeading for

all diabetic patients attendinfpree randomly selected Primary Health Care Centers in
Riyadh was taken during the months of March and April 2000.A total of 991 diabetic
patients were involveih the study (83% men and 62% womemhose withexcellent
glycemic control represent 21% of patients in fin& reading and 25% of the patients in
the secondeadings, while those with poor control represent 49% and44% of the patients
in the two readings. The remaining are in the accéptastegory and concluded that
diabetes mellitus is poorly controlled inlage proportion of diabetic patients attending

PrimaryHealth Care Centers in Riyadh.

Means of Hemoglobin and Biochemical Findings among Acceptable and Poor
Control of Diabetic Group

Hemoglobin: The normal range of blood hemoglobin for males isl&3yn/dl and for
females is 11.% 16.5 gm/di(Walker, 2010)The current study finds that thmean of Hb

in acceptable control (13.48g/dl) is nearly equal to Hb in poor control (13.8&ydl).

Blood hemoglobin level depends on many factors such as iron rich diet intake, iron

bioavailability, chronic blood loss, etc.
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In diabetic patients, the blood hemoglobin is reduced in complicated cases such as end
stage renal disease when erythropoiet deficient and edema of gastrointestinal mucosa
hinders absorption of iroccording to the serum creatinine level, all participants of the
current study have serum creatinine within normal range (Dr6§/dl).

Serum Zinc: The normal range of seruminc is 72144 ug/dl (Walker, 2010)Zinc is

useful in the synthesis, storage, and secretion of insulin. Zinc may improve glycaemia, and
a restored zinc status in patients with type 2 diabetes may counteract the deleterious
effects of oxidative stress, Ipeng to prevent complications assatdd with diabetes.
However, no association was found between zinc and glycaemic control in this study. This
agreed with the result of study conducted by Akhuemokdtazl.(2010) that showed

serum concenttn of zinc which had no significant correlation with either FBG or
HbAlc.

Serum Copper. The normal range of serum copper isI&3 ug/dl (Walker, 2010).
Copper is the third most abundant essential trace element in the body. Copper is present in
the body combined ith enzymes to form metalloenzymes such as caeruloplasmin and
superoxide dismutase (SOD). These enzymes play major roles in redox reactions, and
antioxidantdefense It has been postulated that copper possesses irddiactivity and
promotes lipogeess. Human studies demonstrate that diabetic patients may have
abnormal levels of serum coppéie presenstudy showed no statistically significant
differences regarding serum copper levels between acceptable and poor control of diabetic
group. It agreeavith the result of study conducted Byaniyanet al.(2012) that there was

no association ofjlycaamic status with the serum concentrationGafpperin the type2

diabetic patients studied.

Serum Magnesium The normal range of serum magnesium is 283 mg/dl (Walker,
2010). The current study shows thaetmean of serum magnesium was loimethe poor
control of diabetigpatients than the mean among acceptable control and the association
was statistically significant Magnesium depletion has showm liave a negative impact

on glucose homeostasand insulin sensitivity in patients with type 2 diabetksis
demonstrated a decrease in insulin sensitivity (by modified intravenous gtotersece

test) in normal subjects after indwwti of Mg deficiecy by a lowMg. Low Mg status
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contributes to the development of insulin resistandech in turn attenuates Mg uptake in

insulin-sensitive tissue@Valt, 2003).

Serum Iron: Thenormal range of serum iron is848 ug/dl (Walker, 2010)The current

study shows thathte mean of serum iron was higleithe poor control of diabetjatients

than tle mean among acceptable contidbwever the association was not statistically
significant The current study results coincides with a stuiynducted in Indiad
determine the free serum iron concentration in patients with poor and good diabetic
control concluded thatesum free iron concentration was higher in patients with type 2
diabetes mellitus with poor control. Also there was a positive correlation wiimdeee

iron concentration and glycemic control. These suggest important role of iron in metabolic
derangement in diabetpatients and its complicatio&ohelet al.2013).

Means of Dietary Intake of Zinc, Copper, Magnesium, and Iron among
Acceptable ard Poor Control of Diabetic Group

Dietary reference intake of mc per day: The normal dietary intake of zinc peay for
males aged more than y8ars is 11 mg/dayna for females aged more than yi&ars is
8mg/day (Alperset al. 2008). The current studghowedthat he mean of daily intake of
zinc among acceptable contafldiabetic participants is 3.96 mg/day whisthigher than
the mean among poor control (3.79 mg/day), however the association was not statistically
significant. The dietary intake ofiac is much lower than the normal dietary intakbe
zinc content of most foods is low (Alpees al. 2008).Zinc is protective against diabetes
mellitus. A study conductedo investigate the intake of zinc in relation to risktyfe 2
diabetes in U.S. amenfound that Iigher zinc intake may be associated with a slightly

lower risk of type diabetes in wome(Sunet al.,2009).

Dietary intake of copper per day: The normal dietary intake of coppeer day foradults
aged more than 1gears is 900 ug/dagAlpers et al., 2008). The currentstudy resuk
showed that themean of daily intake of copper among poor contblT2DM (1.77
mg/day is higher thanthe acceptable controlT2DM patients(0.73 mg/day and the
association was statistically significait yalue=0.01).This result is supported by a case
control study which discovered thatpper levels were significantly elevated (p < 0.01) in
diabetic patient§Zargaret al.,1998)
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Dietary intake of Magnesium per day:The normal dietary intake @hagnesim per day

for males aged more th&® years is420mg/day and for females aged more tlB@nyears

is 320 mg/day (Alperset al. 2008). The mean of daily intake of Mg among plyor
controled T2DM (168.71) is higher than the meahthe acceptable control g2.24) and
the association was statistically significaRt yalue=0.00). This contradictswith JiaYi
Dong et al. (2011) studywhich provides further evidence supporting that magnesium
intake is significantly inversely associated with risk of type 2 dexbet a doseesponse
manney the study result showed poor controllEB3DM patientshave lower serum Mg

than acceptable controls

Dietary intake of iron per day: The normal dietary intake afon per day for males aged
more thanl8 years is8 mg/daymg/day and for females age®-50 years is18 mg/day
and females older than 50 years need 8 mg(dépers et al.,2008). The mean of daily
intake of iron among poor control (3.561g/day was higher than the mean among
acceptable control (3.1hg/day, howeve the association was not statistically significant
(P value=0.61).
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Chapter 6

Conclusionand Recommendatiors

Conclusion

This current study is @asecontrolone whichwas conducted in UNRWA primary health

care centers in Gaza City (Sabrd8&ach primary health centers) in ordemweestigate

the association of serum levelsd dietary intakef copper, iron, magnesium and zinc on

type 2 diabetic patient3his study conludedthat:

X

X

X

Diabeticpatientssound to be less educated than-d@bdics.

Diabeticpatientsseem to be poorer than ndrabetics.

Diabeticpatientsare twafold smokers than nediabetics.

Diabeticpatientsare less physically active than the riabetics.
Diabeticpatientsareheavierand more obesian nordiabetics

In short term diabetic control, more than half of diabetic patients are poorly
controlled.

In long term diabetic control, more than two thirds of diabetic patients are poorly
controlled.

Diabeticpatientsareless frequentlyemovingfat from meat than nediabetics.
Diabeticpatientsareless frequentlgatingskinless chicken than nafiabetics
Diabeticpatientsd on 6t dr i nk wh ol e -dfaketics ranelyldd. at
Diabeticpatientsdrink skimmed milkmore frequently than nediabetics

Diabetc patientsaremore frequently eating whole grain bread than-d@atetics.
And also they are less frequently eating refined bread thadiabetics.
Diabeticpatientsconsume almonds, cashew, hazelnuts and pistegsfrequently
thannon-diabetics.

Diabeticpatientswith poor glycemic control consume magnesium rich food more
thanthe acceptable diabetic control.

Diabeticpatientswith poor glycemic control consuneepperrich foodmorethan

the acceptable diabetic control.

The average ofesum zinc lewel is lower in diabetic patients than ndiabetics.

The average ofesum magnesium level is lower in diabetic patients thar non

diabetics.
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Recommendations

Type 2 diabetes can be prevented in-d@betic individuals by lifestyle changesthat

reduce caloriéntakeand increase physical activity. On the other hand control of dietary
intake is one of the key elements of any diabetic treatment regimen aimed at normalizing
blood glucoseDietary zinc, magnesium, copper, and iron have a significant role in
glucoe homeostasis. So, the following recommendations are suggested:

Recommendations at the National Level
U Itis necessary to obtain more accurate information regardingithenutrients
intakeand thecontrol of diabetes mellitus.
U Suggestions to conductare advanced research to determinerthe of
micronutrients in patients with diabetes mellitus.
U Concentrate resources on improving the dietary guidelines in management of
diabets mellitus.

U Establishment of nutrition clinics in different hospitals in Gaza Strip.

Recommendations at Community Level
It is highly recommended that educational programs through different media to increase
the awareness of the community especidi@petic patientso:
U Provide scientific information on thieealthy diet andnportance of physical
activity.
U Increase th€alestiniarawareneso the importance of periodic examination
especially for those with family history of diabetes..
U Increasethd i ab et i awampressitoeh@atthshézardsof controlling

diabetes.

RecommendationsforDi ab et i cNuRiBohi ent s O
U Encourage avell-balancedliet consisting of nutrient rich foods with more
calories, protein, vitamins, and minerals.
U Encouragealiabetic patients to keep their blood glucose on acceptable level.
U Encourage intiee of zinc and magnesiumch diet

U Encouragentake of seafood.
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