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The Effectiveness of Oral Magnesium Supplementation on the Glycemic Control
in Type 2 Diabetic Patients
ABSTRACT
Background: Magnesium has a prominent role in glucose metabolism and insulin
homeostasis. Some epidemiological studies and clinical trials showed a strong inverse
relationship between Magnesium intake and risk of developing diabetes type 2 (T2D)
and reported benefits of Magnesium supplementation on metabolic control in diabetic
patients, where others rejected that, thus the benefits of Magnesium supplementation
in T2D remains controversial and needs to be adequately evaluated. So it is logical
and interesting to search if oral Magnesium supplementation improves metabolic
control, lipid profile and blood pressure in patients with T2D.
Methods: Forty patients of T2D were included in randomized controlled clinical trial.
The patients were stratified and randomly allocated into two groups. The intervention
group (20 participants) were on 250 mg of elemental Magnesium for 3 months while
the control group (20 participants) did not receive any type of supplements throughout
the intervention period. Fasting insulin level, C-peptide, Fasting blood sugar, HbA1c,
lipid profile, serum calcium, serum Magnesium, C-reactive protein and Alanine
aminotransferase enzyme were measured at the baseline and at the end of the study.
Results: Daily administration of 250 mg elemental Magnesium for 3 months showed
significant reduction in HbA1C (8.32 to 7.96 %, p<0.001), insulin level (15.56 to
12.18 μIU/ml, p<0.001), C-peptide (2.287 to 1.907 ng/mL, p=0.001), HOMA.IR
(6.162 to 4.442, p<0.001) and HOMA.B% (59.997 to 52.37, p=0.036), improved FBS
(158.6 to 148.05 mg/dL, p=0.068) and lipid profile (TG: 159.1 to 146.45 mg/dL, T.C:
162.6 to 157.45 mg/dl, LDL: 76.23 to 73.41mg/dl, HDL: 54.55 to 54.75 mg/dl),
decrease systolic and diastolic blood pressure significantly (SBP: 129.45 to 124.7
mmHg, p=0.003. DBP: 78.2 to 73.8 mmHg, p=0.004) and slow deteriorating of CRP
(2.72 to 3.58 mg/L intervention group vs. 5.52 to 14.77 mg/L control group).
Conclusion: Oral Magnesium supplementation provides good glycemic control,
decreases insulin resistance, improves lipid profile and reduces blood pressure in T2D
Key words: Diabetes, Magnesium, fasting blood sugar, insulin, lipid profile, blood
pressure.
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مدى فاعلية مكمالت الماغنيسيوم علي مؤشرات السكر لدى مرضي السكرً من النوع الثانٌ
ملخص الدراسة
مقدمة :نهًاغُُسُىو دوس باسص فٍ عًهُت اسخقالب انجهىكىص وحىاصٌ االَسىنٍُ ,حُث اظهشث انعذَذ يٍ
انذساساث انىبائُت وانخجاسب انسشَشَت وجىد عالقت عكسُت بٍُ حُاول يكًالث انًاغُُسُىو واحخًال االصابت
بًشض انسكشٌ يٍ انُىع انثاٍَ ,كزنك اظهشث هزِ انذساساث فىائذ يكًالث انًاغُُسُىو عهً انًؤششاث
االَعُت نذي يشظً انسكشٌ فٍ حٍُ َفج دساساث اخشي رنك.
وبانخانٍ َبقً يذي فاعهُت حُاول يكًالث انًاغُُسُىو عهً انعىايم االَعُت نذي يشظً انسكشٌ يىظع جذل
وَ حخاج انً حقُُى عهً َحى كاف ,نزنك يٍ انًُطقٍ انبحث فًُا ارا كاَج يكًالث انًاغُُسُىو ححسٍ اسخقالب
انسكش ويسخىي انذهىٌ وظغػ انذو عُذ يشظً انسكشٌ يٍ انُىع انثاٍَ .
منهجية البحث :هزِ انذساست انخجشَبُت حعى اسبعٍُ يشَط سكشٌ يٍ انُىع انثاٍَ حُث حى حقسُى انًشظً
عشىائُا عهً يجًىعخٍُ ,انًجًىعت االونً وهٍ يجًىعت انخجشبت وحعى عششٍَ يشَعا حى اعطاؤهى 250
يهجى يٍ انًاغُُسُىو ,انًجًىعت انثاَُت وهٍ يجًىعت انخحكى وحشًم  20يشَعا نى َخى حضوَذهى باٌ يكًالث
غزائُت غُهت فخشة انخجشبت.
حى قُاط يسخىي االَسىنٍُ ويسخىي انسكش ويخضوٌ انسكش فٍ انذو وحى اَعا قُاط يؤششاث انذهىٌ ويسخىي
انكانسُىو ويسخىي انًاغُُسُىو فٍ انذو وبعط انًؤششاث االخشي فٍ بذاَت انذساست وبعذ  3شهىس أٌ فٍ َهاَت
انذساست.
النتائج :حُاول يكًالث انًاغُُسُىو (  250يهجى) َىيُا نًذة  3شهىس ادي انً اَخفاض رو دالنت احصائُت فٍ
يسخىي يخضوٌ انسكش (يٍ  8332انً  )%7396كزنك اَخفط يسخىي االَسىنٍُ (يٍ  15.56انً 12.18
يُكشو وحذة /يهُهخش) وححسٍ يسخىي انسكش فٍ انذو حُث اَخفط (يٍ  158.6انً  148.05يهجى/دَسُهخش)
كزنك نىحع ححسٍ فٍ يؤششاث انذهىٌ حُث اَخفط يسخىي انذهىٌ نثالثُت يٍ ( 159.1انً 146.45
يهجى/دَسُهخش) واَخفط انكىنسخشول انكهٍ يٍ ( 162.6انً  157.45يهجى /دَسُهخش) ,اَعا نىحع اَخفاض رو
دالنت احصائُت فٍ ظغػ انذو وكزنك قم يعذل اسحفاع يؤشش االنخهاباث انًصاحبت نًشض انسكشٌ.
االستنتاجات :حُاول يشظً انسكشٌ يٍ انُىع انثاٍَ نًكًالث انًاغُُسُىو َحسٍ يؤششاث انسكش نذَهى حُث
حقهم يقاويت االَسىنٍُ  ,كزنك َحسٍ يؤششاث انذهىٌ وَقهم ظغػ انذو.
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CHAPTER 1
INTRODUCTION
1.1 Background
Diabetes mellitus is a chronic, metabolic disorder, resulting from defects in
insulin secretion, insulin action, or both. This leads to an increased concentration of
glucose in the blood (hyperglycemia). The chronic hyperglycemia of diabetes is
associated with long term damage, dysfunction and failure of various organs
especially blood vessels, heart, kidneys, eyes and nerves along with disturbances of
carbohydrate, fat and protein metabolism (Assal & Groop, 1999). Impairment of
growth and susceptibility to certain infections may also accompany chronic
hyperglycemia (Skyler, 2004). Several pathogenic processes are involved in the
development of diabetes. These range from autoimmune destruction of the Beta cells
(B-cells) of the pancreas with consequent insulin deficiency to abnormalities that
result in resistance to insulin action (Alberti & Zimmet, 1998). Majority of cases of
diabetes fall into two broad etiopathogenetic categories. In one category, diabetes
type1, accounts for only 5–10% of those with diabetes, the cause is absolute
deficiency of insulin secretion which result from autoimmune pathologic process
occurring in the pancreatic islets lead to B cells destruction (Atkinson & Eisenbarth,
2001; Rabinovitch & Skyler, 1998). On the other hand, much more prevalent
category, type 2 diabetes, accounts for 90–95% of those with diabetes (CDC, 2014),
results from a combination of resistance to insulin action and an inadequate
compensatory insulin secretory response (Alberti & Zimmet, 1998).
Globally, according to the World Health Organization, prevalence of diabetes
is increasing, about 422 million people worldwide have diabetes. The number of
people with diabetes has risen from 108 million in 1980 to 422 million in 2016. In
2012, alone diabetes caused 5.1 million deaths. It was the eighth leading cause of
death among both sexes and the fifth leading cause of death in women, if no action is
taken, diabetes will be the 7th leading cause of death in the world by the year 2030
(WHO, 2016).
Diabetes is a disproportionately expensive disease; health care spending on
diabetes has reached 612 Billion US $ in 2014, equivalent to 11% of total health
1

spending and this figure is predicted to rise if there is no investment in making
effective treatments for preventing diabetes complications widely available. The lifelong costs of healthcare cause serious challenge in low and middle income countries,
where three out of four people with diabetes now live and where the onset of diabetes
has shifted down a generation, increasingly affecting people in their most productive
years (IDF, 2014). In those countries which have weak economy and no social
protection, diabetes can push the families into poverty that deprives the children from
the right of healthy nutrition, education and future employment.
Locally, according to the Palestinian Ministry of Health, the number of
diabetic patients is equivalent to 12% of population in Palestine. And incidence of
diabetes among Palestinians reached 201 new cases per 100,000 inhabitants in 2015.
Most of Palestinians with diabetes do not have their illness control, only 0.5% of
patients with type 2 diabetes treated by diet, while 64.2% of them are treated by
drugs, 21.5% by insulin, and 13.8% of these patients are treated by insulin and drugs
at the same time. Furthermore diabetes in Palestine is the 4th leading cause of death
after cardiovascular diseases, cancer and cerebrovascular diseases. The mortality rate
as a result of diabetes and its complications reached to 8.9% of the total deaths among
the Palestinians in 2016 (MOH.Ps, 2016).
Preventing or delaying diabetes disease could improve the lives of millions,
prevent catastrophic illness, and save billions of dollars. A healthful eating pattern,
regular physical activity, maintaining normal body weight and often pharmacotherapy
are key components of diabetes management (ADA, 2016). These recommendations
from American Diabetes Association aimed to improve overall health and specifically
to adjust individualized glycemic, blood pressure, and lipid profile.
The increasing prevalence, variable pathogenesis, progressive natural history,
and complications of type 2 diabetes emphasis the urgent need for new management
strategies.In

particular,

some

observations

suggested

that

Magnesium

supplementation could be helpful in management of diabetic patients by improving
glycemic control and preventing the development of diabetes-related complications
(Rodriguez-Moran & Guerrero-Romero, 2003; Chacko et al., 2011; RodriguezMoran et al., 2011; Solati et al., 2014). The importance of Magnesium on insulin
sensitivity was suggested early in 1980s (Bergman et al., 1981), and in following
2

years was supported by clinical evidence showing the essential role of Magnesium on
insulin-mediated glucose uptake (Paolisso et al., 1994). The most recent metaanalysis of 13 observational studies, published in the last 15 years and including
almost 540,000 individuals and 24,500 new cases of diabetes, found higher
Magnesium intakes were associated with a lower risk of diabetes (Redfern, 2015).
These studies strongly suggest the prominent role of Magnesium in glucose
metabolism that have led scientists to investigate the relationship between Magnesium
intake and type 2 diabetes mellitus.
Magnesium is the second most abundant intracellular cation, it is involved in more
than 300 essential enzymatic reactions including hormone receptor binding, nucleic
acid and protein synthesis, cell signaling, cell migration, ion transport, nerve
impulses, regulation of muscle contraction and normal heart rhythm (Shils & Shike,
2006). In addition, Magnesium has a fundamental role in carbohydrate metabolism,
since it is involved at multiple levels in insulin-receptor binding and activity. A poor
intracellular Magnesium concentration, as found in type 2 diabetes (T2D), may result
in a defective tyrosine-kinase activity at the insulin receptor level which is responsible
for impairment in insulin action and a worsening of insulin resistance in T2D. By
contrast, in T2D patients, daily Magnesium administration, restoring a more
appropriate intracellular Magnesium concentration, contributes to improve insulinmediated glucose uptake (Paolisso & Barbagallo, 1997).
1.2 Research statement
Diabetes is common, chronic, and costly disease. As identified by WHO along
with cardiovascular disease, it is one of the four priority non-communicable diseases
(NCDs), which includes heart attack and stroke, cancer, and chronic respiratory
disease (WHO, 2014). Diabetes is a state of premature cardiovascular death which is
associated with chronic hyperglycemia and may also be associated with blindness and
renal failure (Fisher, 1998). Moreover diabetes is considered one of the top 10 causes
of disability worldwide and hinders productivity and human development. If nothing
is done, the number of people with diabetes is predicted to rise to from over 387
million in 2014 to 592 million by 2035 (IDF, 2014). the Eastern Mediterranean
Region has experienced the greatest rise in diabetes prevalence, and is now the WHO
region with the highest prevalence (13.7%) (WHO, 2016). Palestine occupied the
3

sixty seventh place in the world in the number of diabetic patients, where 8.6% of the
population living with diabetes (Wall Street Journal 2014).
In addition to diabetes health complications, it cause serious challenge in
economy. According to Centers for Disease Control and Prevention (CDC), diabetes
cost the United States an estimated 245$ billion in 2012, 176$ billion in direct
medical costs (medical goods and services) and 69$ billion in indirect costs from lost
workdays, restricted activity, disability, and early death (CDC, 2014).
A number of evidences have confirmed that Magnesium supplementation is
indicated for diabetes type 2, however well-designed therapeutic trials with oral
Magnesium supplements to study the beneficial effects in type 2 diabetes are needed.
1.3 Justification of the study
Diabetes is still one of the major health and development challenges of the
21st century. It contributes to heart disease, stroke, kidney disease, blindness and
amputation (Skyler, 2004). Diabetes is not only a health crisis, it is a global societal
catastrophe. Governments worldwide are struggling to meet the cost of diabetes care.
According to CDC, medicinal costs for individuals with diabetes are more than two
times higher than for individuals without diabetes (CDC, 2014).
Therefore, researchers are trying hard for prevention and management of
diabetes and its complication on health and economy. Many suggestions talk about
use of Magnesium supplements as adjuvant therapy in diabetes, the evidence derived
from epidemiological studies and clinical trials, about the relationship between
Magnesium and type 2 diabetes. Epidemiological studies consistently shows a strong
inverse relationship between dietary Magnesium intake and the risk of developing
T2D (Rodriguez-Moran et al., 2011). Some, but not all clinical trials have reported
the benefits of Magnesium supplementation on metabolic control in the individuals
with T2D (Barbagallo & Dominguez, 2007). However, the benefits of chronic
administration of Magnesium salts given to subjects with type 2 diabetes is
controversial and needs to be adequately evaluated. In addition, the mechanism by
which Magnesium may interact with insulin sensitivity has not yet been fully
elucidated. Many studies have reported beneficial effects of Mg on fasting blood
sugar (FBG) and two hour postprandial blood sugar (2hr PPBS) without significant
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difference in HOMA-IR index and fasting blood insulin (FBI) levels (Solati et al.,
2014; Barbagallo & Dominguez, 2007). These findings imply that the beneficial
effects of Mg in diabetes control cannot be only due to improvement of insulin
sensitivity or insulin secretion so the mechanism that relate Magnesium with T2D
needs more investigation.
This study needs to be conducted because it investigates one of the major
global health problems in the 21st century it clarifies the effect of Magnesium on
glycemic control in diabetic patients type 2 and the mechanism by which Magnesium
may affect glucose level depend on using many measurements. So with increasing
data that demonstrating Magnesium deficiency as a risk factor for diabetes, and data
about benefits of Magnesium supplementation in management of diabetes, it is logical
and interesting to search if oral Magnesium supplementation improves metabolic
control, lipid profile and blood pressure in patients with type 2 diabetes.
1.4 Goal and objectives
1.4.1 Main goal
To determine whether Magnesium supplementation improves glycemic
control, lipid profile, and blood pressure in patients with type 2 diabetes.
1.4.2 Specific objectives:
1. To assess (Insulin level, C-peptide, fasting blood sugar, hemoglobin A1C, Creactive protein, Alanine aminotransferase and lipid profile) and blood
pressure for control and interventional groups at baseline level.
2. To compare the changes in the following biochemical's (Insulin level, Cpeptide, fasting blood sugar, hemoglobin A1C and C- reactive protein and
lipid profile ) within the groups, between interventional and control group, and
within-between groups after three months of Magnesium supplementation.
3. To compare the changes in blood pressure measurements within the groups,
between interventional and control group, and within-between groups after
three months of intervention
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1.5 Study hypotheses
H0: Null hypothesis
There is no significant improvement in insulin sensitivity, glucose level, lipid
profile and blood pressure in diabetes type 2 subjects in the intervention group after
three months of Magnesium supplementation when compared with the control group.
H1: Alternative hypothesis
There is significant improvement in insulin sensitivity, glucose level, lipid
profile and blood pressure in diabetes type 2 subjects in the intervention group after
three months of Magnesium supplementation when compared with the control group.
1.6 Operational definitions
High blood glucose (hyperglycemia) is a distribution of fasting plasma
glucose in a population that is higher than the theoretical distribution that
would minimize risks to health (derived from epidemiological studies). High
blood glucose is a statistical concept, not a clinical or diagnostic category
(WHO, 2016).
Impaired Glucose Tolerance (IGT) is a stage of impaired glucose
regulation, since it can be observed in any hyperglycaemic disorder, and is
itself not diabetes. The individuals with IGT have fasting glucose values above
the normal range, but below those diagnostic of diabetes (Assal & Groop,
1999).
Insulin resistance is the inability of a known quantity of exogenous or
endogenous insulin to increase glucose uptake and utilization in an individual
as much as it does in a normal population (Lebovitz, 2000).
Prediabetes are peoples with blood sugar levels that are higher than normal,
but not high enough to be considered diabetes. Prediabetes can put people at increased
risk of developing type 2 diabetes, heart disease, and stroke (CDC 2014).
Ketoacidosis is a feature of uncontrolled diabetes mellitus characterized
by a combination of ketosis and acidosis. Ketosis is the accumulation of
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substances called keytones and ketone bodies in the blood. Acidosis is
increased acidity of the blood (MedicineNet, 2013).
Gestational diabetes is carbohydrate intolerance resulting in hyperglycaemia
of variable severity with onset or first recognition during pregnancy. This temporary
condition that occurs in pregnancy increase the risk of diabetes type 2 (Assal &
Groop, 1999). The condition is present when blood glucose values are above normal
but still below those diagnostic of diabetes (WHO, 2013).
Hypertension (HTN or HT), also known as high blood pressure, is a
long term medical condition in which the blood pressure in the arteries is
persistently elevated (Naish, 2014).
Glycemic index (GI) is a measure of the blood glucose-raising potential
of the carbohydrate content of a food compared to a reference food (generally
pure glucose). GI is meant to represent the relative quality of a carbohydratecontaining food (Brouns et al., 2005). Foods containing carbohydrates that are
easily digested, absorbed, and metabolized have a high GI (GI ≥ 70 on the
glucose scale), while low-GI foods (GI≤ 55 on the glucose scale) have slowly
digestible carbohydrates that elicit a reduced postprandial glucose response.
Intermediate-GI foods have a GI between 56 and 69 (Augustin et al., 2015).
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CHAPTER 2
LITERATURE REVIEW
2.1 Diabetes mellitus
Diabetes is a chronic, metabolic disease characterized by high blood sugar, which
result when the body either does not make enough insulin or is unable to use its own
insulin well (Assal & Groop, 1999). That leads over time to serious damage to the
heart, blood vessels, eyes, kidneys, and nerves (Skyler, 2004).
Type 1 diabetes mellitus known as juvenile diabetes or insulin-dependent
diabetes, accounts for about 5-10% of all diagnosed cases. This type develops when
the cells in the pancreas that produce insulin (Beta cells) are destroyed causing the
pancreas to produces little or no insulin (Rabinovitch & Skyler, 1998). In diabetes
type 1 of diabetes, the rate of Beta cell destruction is quite variable, being rapid in
some individuals (mainly infants and children) and slow in others (mainly adults)
(Humphrey et al., 1998). Ketoacidosis may present as the first manifestation of the
disease in some patients, particularly children and adolescents (Assal & Groop,
1999). Others have modest fasting hyperglycemia that, in the presence of infection or
other stress, may rapidly change to severe hyperglycemia and/or ketoacidosis. Still
others, particularly adults, may retain residual B-cell function sufficient to prevent
ketoacidosis for many years; such individuals eventually become dependent on insulin
for survival and are at risk for ketoacidosis (Zimmet, 1995). At this latter stage of the
disease, there is little or no insulin secretion, as manifested by low or undetectable
levels of plasma C-peptide (Hother-Nielsen et al., 1988). Autoimmune destruction of
B-cells has multiple genetic predispositions and is also related to environmental
factors that are still poorly defined. Although patients are rarely obese when they
present with this type of diabetes, the presence of obesity is not incompatible with the
diagnosis. These patients are also prone to other autoimmune disorders such as
Graves’ disease, Hashimoto’s thyroiditis, Addison’s disease, vitiligo, celiac sprue,
autoimmune hepatitis, myasthenia gravis, and pernicious anemia (Betterle et al.,
1984).
Type 1 can occur at any age, but it usually has its onset in the first two decades of
life, with the peak incidence between 10 and 13 years of age. There is no definitive
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way to prevent type 1 diabetes. To survive, people with type 1 diabetes must have
insulin delivered by injection or pump (Zimmet et al., 1994)..
Type 2 diabetes is the most common. Previously referred to as non-insulin
dependent diabetes. Usually it occurs in adults, and accounts for about 90-95% of all
diagnosed diabetes cases (ADA, 2014). This form encompasses individuals who have
insulin resistance and usually have relative (rather than absolute) insulin deficiency
(Lillioja et al., 1993; Alberti KGMM, 1997). The specific etiologies for this type are
not known and autoimmune destruction of B-cells does not occur. Most patients with
this form of diabetes are obese, obesity itself causes some degree of insulin resistance
(Campbell & Carlson, 1993). When the body fat content increase (measured by
BMI), the risk of diabetes and presumably insulin resistance rises, implying that the
―dose‖ of body fat has an effect on insulin sensitivity across a broad range (Colditz et
al., 1990). Ketoacidosis seldom occurs spontaneously in this type of diabetes; it arises
usually in association with the stress of another illness such as infection (Banerji et
al., 1994). This form of diabetes frequently goes undiagnosed for many years because
the hyperglycemia develops gradually and at earlier stages is often not severe enough
for the patient to notice any of the classic symptoms of diabetes (Gavin III et al.,
1997). Several risk factors have been associated with type 2 diabetes include, family
history of diabetes, overweight, unhealthy diet, physical inactivity, increasing age,
high blood pressure, ethnicity, impaired glucose tolerance, history of gestational
diabetes and poor nutrition during pregnancy (Assal & Groop, 1999).
Gestational Diabetes can develop during the second or third trimester of
pregnancy. It increases blood sugar levels and raises the risk of complications for both
mother and baby. The risk factors are similar to those for type 2 diabetes, and
treatment may include changes in diet or lifestyle or the use of insulin, Women with
gestational diabetes have a higher risk of developing the disease again during future
pregnancies and/ or in the future (Ecker JL, 2008). The frequency of previously
undiagnosed diabetes in pregnancy and gestational diabetes varies among populations
but probably affects 10–25% of pregnancies (Jiwani et al., 2012).
Moreover, there are other specific types of diabetes caused by specific genetic
conditions or from surgery, medications, infections, pancreatic disease, or other
illnesses e.g., monogenic diabetes syndromes (such as neonatal diabetes and maturity9

onset diabetes of the young [MODY]), diseases of the exocrine pancreas (such as
cystic fibrosis), and drug- or chemical-induced diabetes (such as with glucocorticoid
use in the treatment of HIV/AIDS or after organ transplantation) (Assal & Groop,
1999).
2.2 Complications of diabetes
Insulin-treated patients still have a considerably reduced life expectancy. The
major cause of death in treated patients is due to cardiovascular problems (70%)
followed by renal failure (10%) and infections (6%) (Kumar & Clark, 2009). There
is no doubt that the duration and degree of hyperglycemia play a major role in the
production of complications. Considerable diabetic control can reduce the rate of
progression of both nephropathy and retinopathy. The Diabetes Control and
Complications Trials (DCCT) showed a 60% reduction in developing complications
over 9 years when the HbA1c was kept at around 7% in type 1 diabetes (DCCT,
2000).
Diabetes is a risk factor in development of cardiovascular disease. Adults with
diabetes historically have a two or three times higher rate of cardiovascular disease
(CVD) than adults without diabetes (Sarwar N, 2010). Stroke risk in diabetic patients
is two times more than in non diabetic patients. Myocardial infarction is three to five
times as likely (Kumar & Clark, 2009). The United Kingdom Prospective Diabetes
Study (UKPDS) and DCCT studies have shown that intensive treatment of diabetes
has only a small effect upon the cardiovascular risk of type 2 or type 1 diabetes
patients. That because cardiovascular risk factors occurring together tend to have a
multiplicative effect on the overall level of cardiovascular risk. It is vital to take all
cardiovascular risk factors together in diabetes, and not just to focus on glucose levels
(DCCT, 2000).
In contrast to macrovascular disease, which is prevalent as whole,
microvascular disease is specific to diabetes. Small blood vessels throughout the body
are affected but the disease process is of particular danger in three sites: retina, renal
glomerulus, and nerve sheaths. Diabetic retinopathy, nephropathy and neuropathy
tend to manifest 10-20 years after diagnosis in young patients. Genetic factors appear
to contribute to the susceptibility to microvascular disease. (Kumar & Clark, 2009).
Diabetes is still the commonest cause of blindness in under 65 year old people despite
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the widespread use of laser photocoagulation and control of blood pressure, about one
in three young people in this patient population is likely to develop visual problems,
and in the UK 5% have in the past become blind after 30 years of diabetes (Frank,
2004).
Moreover, clinical nephropathy secondary to glomerular disease usually
manifests 15-25 years after diagnosis of diabetes and affects 25-35% of patients
diagnosed under the age of 30 years. It is the leading cause of premature death in
young diabetic patients (Kumar & Clark, 2002).
Furthermore, Diabetes increase the risk of lower extremity amputation because
of infected, non-healing foot ulcers. Eighty-five percent of lower-limb amputations in
patients with diabetes are preceded by foot ulceration and 10-15% of diabetic patients
develop foot ulcers at some stage in their lives (Kumar & clark, 2009). The Rates of
amputation in populations with diagnosed diabetes are typically 10 to 20 times those
of non-diabetic populations (Moxey et al., 2011). Many diabetic limb amputations
could be delayed or prevented by more effective patient education and medical
supervision (Boulton et al., 2004).
There is no evidence that diabetic patients with good glycemic control are
more prone to infection than normal subjects. However, poorly controlled diabetes
entails increased susceptibility to many infections include skin infections with
staphylococci and candida, gastrointestinal tract infection, lung infections, and urinary
tract infections. Conversely, infections may lead to loss of glycemic control, and are a
common cause of ketoacidosis. Insulin-treated patients need to increase their dose by
up to 25% in the face of infection, and non insulin-treated patients may need insulin
cover while the infection lasts (Kumar & Clark, 2009).
2.3 Dietary supplements in diabetes management:
As the incidence of diabetes increases to epidemic proportions, people with
diabetes are turning more and more to alternative therapies to help manage this
condition, despite the availability of numerous traditional therapies. According to the
National Center for Complementary and Alternative Medicine, alternative therapy
consists of medical and health care systems, practices, and products that are not
generally considered part of conventional medicine. Examples of alternative therapies
include acupuncture, biofeedback, chelation therapy, yoga, hypnosis, reiki or energy
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healing, massage, dietary therapies, meditation, tai chi, and dietary supplements
(Campbell, 2010). Elizabeth Stewart from the Institute of Food Nutrition and Human
Health at Massey University defined dietary supplements as products include herbal
medicines, homoeopathic medicines, traditional medicines, aromatherapy products,
vitamins and minerals. They may also be called complementary medicines or
therapeutic products (Stewart, 2007).
Dietary supplements are able to achieve nutritional support which is a key
component of treating diabetes. That because diabetes is a nutritional wasting disease,
where elevated glucose levels act like a diuretic and cause substantial loss of nutrients
in the urine. Therefore, people with type 2 diabetes are likely to be deficient in
important water-soluble vitamins and minerals. Furthermore nutritional supplements
for diabetes are essential because increasing the intake of nutrients support the
body’s ability to use insulin that keep the blood sugar at healthy levels. (Whitaker,
2016).
Many studies conducted the benefits of different nutritional supplements on
prevention and management of diabetes;


Recently, vitamin D has risen as a potential diabetes and diabetes risk
modifier. Mitri and Pittas reported that short-term supplementation with
cholecalciferol in adults at risk of type 2 diabetes improved B cell function
and had a marginal effect on attenuating the rise in Hb A1c (Mitri & Pittas,
2014).



Other studies reported the beneficial effect of fibers in diabetes management.
Todd Runestad classified fibers as one of the top 12 supplements for diabetes
(Runestad, 2012). And Silva et al., in a systematic review with meta-analysis
of randomized controlled trials (RCT) aimed to analyze the effect of fiber
intake on glycemic control in patients with type 2 diabetes, reported that there
were absolute changes in glycated hemoglobin and fasting plasma glucose
between baseline and end-of-study measures. Indicating that increased fiber
intake improved glycemic control, and should be considered as an adjunctive
tool in the treatment of patients with type 2 diabetes (Silva et al., 2013).
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Others talk about the role of phytoestrogens in prevention and management of
type 2 diabetes. Recently in 2015, Mohammad Talaei and An Pan reported
that using isoflavone supplements have potential beneficial effects on
glycemic parameters in postmenopausal women (Talaei & Pan, 2015).



Moreover, vitamin C was found to significantly decrease FBS, HbA1c, TG,
LDL, and serum insulin when 1000 mg vitamin C supplemented daily
(Afkhami-Ardekani & Shojaoddiny-Ardekani, 2007). Hamed et al.
evaluated the effect of vitamin C alone or in combination with vitamin E on
fasting blood sugar, glycosylated hemoglobin and lipid profile in type 2
diabetic patients in Gaza Strip. And they reported significant reduction in
FBS, HbA1C and lipid profile that indicate that vitamin C alone or in a
combination with vitamin E provides good glycemic control, reduces lipid
profile and improves HDL-cholesterol level (Hamed et al., 2016).



In particular, Julian Whitaker classified Magnesium as one of the best
nutritional supplements for diabetes (Whitaker, 2016). And Magnesium
supplement had been suggested to be adjuvant therapy in prevention and
management of diabetes (Rodriguez-Moran et al., 2011; Solati et al., 2014).

2.4 Physiological role of Magnesium:
Magnesium plays an important role in the structure and the function of the
human body. The adult human body contains about 25 grams of Magnesium. It is
involved in more than 300 essential metabolic reactions (Washington, 1997).
Magnesium

is

required

for

synthesis

of

essential

molecules

as

deoxyribonucleic acid (DNA), ribonucleic acid (RNA), and proteins. Also
Magnesium is cofactor for several enzymes participating in synthesis of
carbohydrates, lipids and glutathione which is an important antioxidant. Additionally,
Magnesium is required for the active transport of ions like potassium and calcium
across cell membranes. So it affects conduction of nerve impulses, muscle
contraction, and normal heart rhythm (Shils & Shike, 2006).
Magnesium modulates functions of cardiac and vascular cells, include
electrical, mechanical and structural functions, so small changes in extracellular
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Magnesium levels and/or intracellular free Magnesium concentration may have
significant effects on cardiac excitability and on vascular tone, contractility and
reactivity. Thus, Magnesium may be important in the physiological regulation of
blood pressure whereas, alterations in cellular Magnesium metabolism could
contribute to the pathogenesis of blood pressure elevation (Laurant & Touyz, 2000).
Furthermore, Magnesium is involved in energy production, it is required for
the metabolism of carbohydrates and fats to produce energy and required by the
adenosine triphosphate (ATP)-synthesizing protein in mitochondria. ATP, the
molecule that provides energy for almost all metabolic processes, exists primarily as a
complex with Magnesium (MgATP). Cell signaling requires MgATP for the
phosphorylation of proteins and the formation of the cell-signaling molecule, cyclic
adenosine monophosphate (cAMP). cAMP is involved in many processes, including
secretion of parathyroid hormone (PTH) from parathyroid glands. Moreover calcium
and Magnesium levels in the fluid surrounding cells affect migration of a number of
different cell types. Such effects on cell migration may be important in wound healing
(Shils & Shike, 2006).
Magnesium deficiency has been associated with increased risk of diabetes,
hypertension, ischemic heart disease, arrhythmias, preeclampsia, asthma, and
osteoporosis (Touyz, 2004; Rodriguez-Moran et al., 2011). Also, Magnesium
deficiency lead to neuronal damage which could manifest as depression. So
Magnesium treatment is hypothesized to be effective in treating major depression
resulting from intraneuronal Magnesium deficiency (Eby & Eby, 2006).
Moreover, Magnesium treatment are reported to be effective in treating many
disease, high dose intravenous Magnesium sulfate has been the treatment of choice
for preventing eclamptic seizures that may occur in association with preeclampsiaeclampsia late in pregnancy or during labor (Colditz, 2002; Sibai, 2005). The
American College of Obstetricians and Gynecologists and the society for maternalfetal medicine support Magnesium use in specific conditions of short-term
prolongation of pregnancy and neuroprotection of the fetus in anticipated premature
delivery (Oh, 2013).
Additionally, Magnesium supplementation has been shown to be helpful in
decreasing frequency and severity of migraine headaches, and the studies have shown
14

that preventive treatment with oral Magnesium and acute headache treatment with
intravenous Magnesium may be effective, that because Magnesium deficiency play an
important role in the pathogenesis of migraine headaches by promoting cortical
spreading depression, alteration of neurotransmitter release and the hyperaggregation
of platelets (Sun-Edelstein & Mauskop, 2009).
Moreover, therapeutic benefit of Magnesium supplements has been reported in
treating hypertension (Kass et al., 2012), and it has been reported that intravenous
Magnesium infusion could decrease the risk of death if it given early after suspected
myocardial infarction (Woods et al., 1992). Furthermore, research studies have
indicated that therapeutic doses of Magnesium may improve endothelial function in
individuals with cardiovascular disease (Shechter et al., 2000). And many scientific
studies suggest that Magnesium supplements may help relieve symptoms associated
with premenstrual syndrome (PMS) as bloating, insomnia, leg swelling, weight gain
and breast tenderness (Bendich, 2000) .
2.4.1 Effect of Magnesium on insulin action
Magnesium plays the role of a second messenger for insulin action; on the
other hand, insulin itself has been demonstrated to be an important regulatory factor
of intracellular Magnesium accumulation (Paolisso et al., 1990). Magnesium can
modify insulin sensitivity by influencing receptor activity after binding or by
influencing intracellular signaling and processing (Takaya et al., 2004). Magnesium
is part of the activated Mg-ATP complex, so it is required for all those processes that
involve utilization and transfer of adenosine triphosphate (ATP), and

it is critical

cofactor for several enzymes in carbohydrate metabolism. Thus it is required for all of
the rate-limiting enzymes of glycolysis and regulates the activity of all enzymes
involved in phosphorylation reactions. Intracellular free Magnesium concentration is
critical in the phosphorylation of the tyrosine–kinase of the insulin receptor, as well as
all other protein kinases.
A poor intracellular Magnesium concentration, as found in type 2 diabetes,
may cause a defective tyrosine-kinase activity at the insulin receptor level, an event
related to the development of insulin resistance and decreased cellular glucose
utilization; meaning that, the lower the basal Mgi, the greater the amount of insulin
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required to metabolize the same glucose load, indicating decreased insulin sensitivity.
(Kolterman et al., 1981). In contrast, higher Magnesium level corresponded to a
greater degree of sensitivity to insulin (Dominguez et al., 1998).
In T2D patients, daily Magnesium administration restoring a more appropriate
intracellular Magnesium concentration, contributes to improve insulin-mediated
glucose uptake (Paolisso & Barbagallo, 1997). Moreover the role of Magnesium in
improvement glycemic control not only related to the improvement in insulin
sensitivity but there are possibilities that Magnesium can help translocation of glucose
transporter number 4 (GLUT 4) to the cell membrane, to take place (Solati et al.,
2014). Figure (2.1) help to understand the clinical association among intracellular
Magnesium depletion and diabetes type 2 , hypertension.

Figure 2.1: Overall hypothesis in which intracellular Mg deficiency may mediate the
relationship between insulin resistance, type 2 diabetes mellitus and hypertension.
(Source: Barbagallo et al., 2007)
Take in account that, because of the lack of sensitivity of serum total MgT, a
suppressed level of intracellular Mgi and serum ionized MgI can be found in many
subjects with total serum MgT still in the normal range.
The importance of Magnesium on insulin sensitivity was suggested early in
1980s (Bergman et al., 1981), and in following years was supported by clinical
evidence showing the essential role of Magnesium on insulin-mediated glucose
uptake (Rodriguez-Moran et al., 2011). Some studies had reported beneficial effect
of Magnesium supplementation on Streptozotocin (STZ) -induced diabetic rats
(Soltani et al., 2007). Others investigated the relationship between Magnesium intake
16

and type 2 diabetes mellitus (Rodriguez-Moran & Guerrero-Romero, 2003;
Chacko et al., 2011; Guerrero‐Romero & Rodríguez‐Morán, 2011; Solati et al.,
2014). A cohort of 39,345 U.S. women aged ≥45 years and followed for 6 years,
supported a protective role of higher intake of Magnesium in reducing the risk of
developing type 2 diabetes, especially in overweight women (Song et al., 2004). Two
years later, He and co-workers prospectively examined the relations between
Magnesium intake and incident metabolic syndrome and its components among 4637
Americans, aged 18 to 30 years, who were free from metabolic syndrome and
diabetes at baseline, and during the 15 years of follow-up, their findings suggested
that young adults with higher Magnesium intake have lower risk of development of
metabolic syndrome (He et al., 2006). Moreover, a meta-analysis of eight cohort
studies of Magnesium intake showed a significant inverse association between the
risk of type 2 diabetes and Magnesium intake (Schulze et al., 2007). More recent
meta analysis of 13 prospective cohort studies provides further evidence supporting
that Magnesium intake is significantly inversely associated with risk of type 2
diabetes in a dose-response manner (Dong et al., 2011).
Huerta et al. reported that the association between Magnesium deficiency and insulin
resistance (IR) is present during childhood and proposed that Magnesium
supplementation or increased intake of Magnesium-rich foods may be an important
tool in the prevention of type 2 diabetes in obese children (Huerta et al., 2005).
Ma et al. studied the relation of dietary Magnesium, and calcium intake to insulin
sensitivity, and suggested that Magnesium and calcium intake specifically, but not
dietary intake, is associated with insulin sensitivity (Ma et al., 2006).
Many previous studies have shown different results for oral Mg administration
in patients with diabetes. Solati et al. found that administration of 300 mg elemental
Magnesium (as magnesium sulfate -MgSo4-) daily, for 3 months has beneficial
effects on blood glucose, lipid profile, and blood pressure in patients with type 2
diabetes (Solati et al., 2014). Chacko and co-workers examined the effects of oral
Magnesium supplementation (500 mg elemental Mg/d for four weeks) on metabolic
biomarkers and global genomic and proteomic profiling in overweight individuals,
and they observed that Magnesium supplementation significantly decreased fasting Cpeptide concentrations and appeared to decrease fasting insulin concentrations
17

(Chacko et al., 2011). Where Guerrero-Romero and Rodríguez‐Morán found that
administration of MgCl2 2·5 g daily for three months improves the ability of betacells to compensate for variations in insulin sensitivity in non-diabetic individuals
with significant hypomagnesaemia (Guerrero‐Romero & Rodríguez‐Morán, 2011).
Earlier in 2003, when the same researchers; Rodríguez-MORan and GuerreroRomero, used 50 ml of MgCl2 solution for 16 weeks in diabetic patients type 2, they
found that subjects who received Magnesium supplementation showed significant
higher serum Magnesium concentration and lower HOMA-IR index, lower fasting
glucose levels and lower HbA1c than control subjects. This indicated that oral
supplementation of MgCl2 restores serum Magnesium levels, improving insulin
sensitivity and metabolic control in type 2 diabetic patients (Rodriguez-Moran &
Guerrero-Romero, 2003). Moreover, Mooren et al. used Magnesium aspartate for 6
months in normomagnesemic, overweight, insulin resistant, non-diabetic subjects and
reported that Mg supplementation resulted in a significant improvement of fasting
plasma glucose and some insulin sensitivity indices (ISIs) compared to placebo where
blood pressure and lipid profile did not show significant changes (Mooren et al.,
2011). Furthermore, Paolisso et al. found that chronic Magnesium administration (4.5
g /d) for four weeks increased erythrocyte Magnesium concentration and improved
insulin response and action (Paolisso et al., 1992). Two years later, Paolisso et al.
investigated the effect of administration of 15.8mmol/day of Magnesium for four
weeks on glucose uptake and substrate oxidation in type 2 diabetic patients and
reported that Magnesium supplementation improves insulin sensitivity and glucose
oxidation (Paolisso et al., 1994).
Although the mentioned up studies supported effectiveness of Magnesium on
glycemic control indicators, other studies showed no significant effect on FBS. As
Yokota and co-workers who stated that Mg supplementation with a natural
preparation from a water lake had reduced significantly fasting insulin level as did
HOMA-IR (both p<0.05), but not FBG or HbA1c (Yokota et al., 2004). Also
Djurhuus and colleagues used 500 mg of Magnesium oxide daily for 24 weeks and
reported that acute and chronic Mg supplementation decreased serum total
cholesterol, serum low density lipoprotein (LDL) cholesterol and apolipoprotein B.,
but no effect on glycosylated hemoglobin (HbA1c) or fasting blood glucose (FBG)
(Djurhuus et al., 2001). Where Lima and co-workers compared supplementation
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with 20.7 or 41.4mmol Magnesium oxide and placebo for 30 days; they found that
supplementation with 20.7mmol Mg did not show any beneficial effects, but a dosage
of 41.4 mmol significantly reduced fructosamine (Lima et al., 1998). Purvis et al.
found that the administration of 386 mg Magnesium chloride for 6 weeks could
significantly decrease systolic blood pressure, without any effect on metabolic indices
or lipid profile (Purvis et al., 1994).
2.4.2 Effect of Magnesium on lipid profile
Magnesium has been reported to decrease total serum cholesterol, low density
lipoprotein and very low density lipoprotein, and increase high density lipoprotein so
many studies recommended to use Magnesium supplements in the prevention of
stroke and cardiovascular disease (Champagne, 2008). That because Magnesium has
role in the activity of lipoprotein lipase enzyme, also Mg deficiency enhances
catecholamine secretion which results in increased lipolysis. Enhancement of lipolysis
and subsequent elevation of plasma free fatty acids may lead to an increase in very
low density lipoprotein and triglycerides (TG) synthesis and secretion and elevated
plasma TG concentration (Rayssiguier & Gueux, 1986).. Moreover, Magnesium
deficiency was detected as one of the most nontraditional risk factors for
cardiovascular disease in newly diagnosed rheumatoid arthritis (RA) subjects, and it
is recommended that serum Magnesium should be investigated as a part of
cardiovascular risk management in RA that due to the relation between Magnesium
and lipid profile (Chavan et al., 2015).
Many studies investigated the effect of Magnesium on lipid profile.
Hadjistavri et al., used 600 mg of pidolate Mg2+ daily in addition to lifestyle
recommendations for a 12-week period, and found significant reductions in total
cholesterol, LDL-cholesterol and triglyceride levels, along with a parallel increase in
HDL-cholesterol levels, in addition to improvement in insulin sensitivity (Hadjistavri
et al., 2010). Also Lal et al., used 600 mg Magnesium oxide for 12 weeks in diabetic
patients and reported a significant fall in serum total cholesterol, LDL
and triglycerides and a rise in HDL levels where fasting and post-prandial blood
glucose levels did not show any significant change after twelve weeks of
Magnesium supplementation when compared with baseline (Lal et al., 2003).
Rasmussen compared supplementation with Magnesium 15mmol/d and placebo for 3
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months in patients with ischemic heart disease and acute myocardial infarction; they
found decrease in triglyceride, and very-low-density lipoprotein concentrations by
27% and increase in high density lipoprotein after Magnesium supplementation. That
support the hypothesis that Magnesium deficiency might be involved in the
pathogenesis of ischemic heart disease by altering the blood lipid composition in a
way that disposes to atherosclerosis (Rasmussen et al., 1989).
2.4.3 Effect of Magnesium on blood pressure.
An increase in Magnesium intake has been suggested to lower blood pressure.
However, the results of clinical studies are inconsistent. The effect of Magnesium on
blood pressure may be direct or through influences on the internal balance of
potassium, sodium and calcium (Dyckner & Wester, 1983).
Magnesium act as a mild calcium antagonist on vascular smooth muscle tone (Bo &
Pisu, 2008). Also it stimulates production of vasodilator prostacyclins and nitric oxide
and it alters vascular responses to vasoactive agonists (Sontia & Touyz, 2007).
Studies in isolated vessel indicated that a reduction of Magnesium can markedly
enhance the response to angiotensin II and norepinephrine. In contrast, increasing the
Magnesium concentration markedly reduces in vitro pressor responses (Altura &
Altura, 1984). So increased dietary Magnesium intake confers protection against the
incidence of hypertension, and cardiovascular disease. Chiuve et al. prospectively
examined the association between dietary and plasma Magnesium and risk of
coronary heart disease (CHD) among women in the Nurses' Health Study, dietary
Magnesium intake was inversely associated with fatal CHD, which may be mediated
in part by hypertension (Chiuve et al., 2013).
A meta-analysis of 20 randomized trials that tested the effects of Magnesium
supplementation on blood pressure (BP) were performed and detected dose-dependent
BP reductions from Magnesium supplementation (Jee et al., 2002).
Associations between blood pressure and intakes of 61 dietary variables
assessed by 24-h recall method were investigated in 615 men of Japanese ancestry
living in Hawaii who had no history of cardiovascular disease or treated hypertension;
Magnesium, calcium, phosphorus, potassium, fiber, vegetable protein, starch, vitamin
C, and vitamin D intakes were significant variables that showed inverse associations
with blood pressure in univariate and a multivariate analyses. Magnesium had the
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strongest association with blood pressure, which supports recent interest in its relation
to blood pressure (Joffres et al., 1987). Later, Vanleer and co-workers studied the effect
of dietary calcium, Magnesium and potassium on blood pressure; they found that diets
rich in calcium, potassium and Magnesium are associated with lower blood pressure
and the relation between Magnesium intake and blood pressure was stronger than those
between

blood

pressure

and intakes of

potassium

and

calcium and the inverse

relationship between Magnesium intake and blood pressure is strongest for
Magnesium obtained from food rather than that obtained via supplements (Vanleer et
al., 1995). Moreover Hypertension associated with preeclampsia appears to be

alleviated when Magnesium is administered; in addition, women with adequate
intakes of Magnesium are less likely to be affected by preeclampsia than those with
an inadequate intake (Champagne, 2008).
Guerrero-Romero and Morán tested the effect of 2.5g Magnesium chloride for
four months in diabetic hypertensive adults with hypomagnesaemia and reported
significant decreases in the both diastolic and systolic blood pressure. In addition to
significant increases in high density lipoprotein (Guerrero-Romero & RodríguezMorán, 2009). Laurant et al. studied the effect of dietary Mg deficiency (80 mg/kg
versus control diet: 960 mg/kg) on blood pressure and mechanical properties of the rat
common carotid artery, elevation of BP observed in Wistar rats fed with the Mgdeficient diet for 19 weeks (Laurant et al., 1999). Where Kawano et al. used 20
mmol Magnesium in the form of Magnesium oxide for eight weeks and found that
Magnesium supplementation lowered BP in hypertensive subjects and this effect was
greater in subjects with higher BP (Kawano et al., 1998). Also Itoh et al. used oral
Magnesium supplementation as Magnesium hydroxide 411-548mg Mg/day for four
weeks and reported significant reduction in both systolic and diastolic blood pressures
and significant reduction in total cholesterol: HDL ratio. And the results suggested
that Magnesium supplementation may lower blood pressure through the suppression
of the adrenergic activity and possible natriuresis, while also improving the serum
lipids through the activation of lecithin cholesterol acyletransferase (LCAT) in human
subjects (Itoh et al., 1997). Witteman and co-workers compared the supplementation
of 20 mmol Magnesium/day as Magnesium aspartate-HCl and placebo for 6 months
in mild to moderate hypertensive women; they found that oral supplementation with
Magnesium aspartate-HCl decreased blood pressure in subjects with mild to moderate
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hypertension (Witteman et al., 1994). Moreover, Widman and co-workers
investigated the effect of Magnesium supplementation (15 mmol Mg/day) for 3
weeks, followed by 30 mmol Mg/day for another 3 weeks, finishing with 40 mmol
Mg/day for a final 3 weeks on blood pressure. And reported a significant decrease in
the mean systolic blood pressure and in the mean diastolic blood pressure (Widman
et al., 1993). Nadler et al., evaluated the effects of a Magnesium infusion (3-hour
constant infusion of intravenous MgSO4 as 82.28 mmol Mg/hr) and dietary-induced
isolated Magnesium deficiency on the production of thromboxane and on
angiotensinII-mediated aldosterone synthesis in normal human subjects, and found
that the Magnesium infusion reduced urinary thromboxane concentration and
angiotensin II-induced plasma aldosterone levels that reduced blood pressure (Nadler
et al., 1993). Furthermore, Motoyama et al., used 1g Magnesium oxide for 4 weeks
and later Sanjuliani et al., used 1 g of Magnesium oxide for 6 weeks in patients with
uncomplicated essential hypertension and both studies recorded reduction in the blood
pressure and the results suggested that oral Magnesium supplementation may lower
blood pressure through the activation of a cell membrane sodium pump and may
reduce serum lipid concentration (Motoyama et al., 1989; Sanjuliani et al., 1996).
Dycker and Wester found that the administration of Magnesium supplementation as
aspartate hydrochloride 15 mmol/day for six months in patients receiving long term
diuretic treatment for arterial hypertension or congestive heart failure, decreased
significantly both systolic and diastolic pressures (Dyckner & Wester, 1983).

22

CHAPTER 3
METHODOLOGY
3.1 Setting
The subjects were collected from residents of Gaza Strip in Palestine. Gaza
Strip makes up part of the Palestinian territories which includes the West Bank and
are claimed by the state of Palestine.
3.2 Study design
Randomized controlled clinical trial (RCT) design was utilized to determine
whether Magnesium supplementation improve glycemic control, lipid profile, and
blood pressure in diabetic patients type 2.
This design is considered to be the most reliable form of scientific evidence that test
the efficacy of drugs and supplements. Results of RCTs may be combined in
systematic reviews which are increasingly being used in the conduct of evidencebased practice. Some scientific organizations' considering RCTs or systematic
reviews of RCTs to be the highest-quality evidence available.
The participants were stratified based on sex (male, female), age (≥50 / <50),
body mass index BMI (25 - 29.99/ 30 - 34.99/ 35 - 39.99) and fasting blood sugar
FBS (≥140mg / <140mg). The subjects were randomly allocated into two groups
using a simple random method. The intervention group consist of 20 participants who
were on Magnesium supplementation for three months (October 2015 to January,
2016) beside their regular diet, while the control group (20 participants) did not
receive any type of supplements throughout the intervention period and instead
continued with their regular diet.
3.3 Target population
The study was conducted in diabetic clinic at Union of Health Work
Committees (UHWC) where diabetic patients from Gaza Strip receive appropriate
treatment and ongoing follow-up. The targeted population was the newly diagnosed
diabetic patients type 2 (maximum one year) from both gender who aged more than
35 years and attend UHWC.
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3.4 Sampling frame
The sampling frame for the study was the records of the UHWC diabetic clinic.
Recruitment of the subjects was according to specific criteria as follow:
Inclusion Criteria:


Both gender



Age over 35 years.



Fasting blood glucose level more than 110 mg/dl.



Newly diagnosed Type 2 diabetes (maximum one year) treated with diet or
diet plus antidiabetic drugs (as metformin).



Agree to participate in the trial.

Exclusion Criteria:


Who use insulin



Who use calcium channel blockers, Magnesium or calcium containing
supplements, or diuretic drugs



Who have reduced renal function (serum creatinine levels more than 1.3mg/dl
in women and more than 1.5mg/dl in men)



Who have elevated hepatic enzymes (more than 3 folds over normal values)



Recent infections (less than one month prior to study)



Who have chronic inflammatory diseases, cerebrovascular accident and acute
coronary syndrome less than one month prior to the study.



Pregnant female



Chronic diarrhea



Participating in other clinical trial.

3.5 Sample size calculation
The sample size of the subjects who were recruited in the intervention
program was calculated using two mean formulas as follows:
n

(

)
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σ = 2.71 (Solati et al., 2014) the standard deviation for Insulin sensitivity by HOMAIR
Δ = 2.6 (expected changes in HOMA-IR index at the end of the intervention program
z_(α/2) = 1.96 for α = 0.05 (two-tailed)
z_(β )= 0.84 for 80% power
n = 2 ( 2.71/2.6)2 X (1.96+0.84)2
n = 16.9
Sample size = 16.9 + 3 (10% none response rate) = 20 cases in each group
3.6 Intervention strategy
3.6.1 Subjects
Forty type 2 diabetic patients aged more than 35 years; were selected
randomly from the lists of diabetic clinic in UHWC according to inclusion, exclusion
criteria. Initially all subjects were clinically evaluated and blood samples were
withdrawn in order to exclude patients who had reduced renal function, elevated
hepatic enzymes and/or recent infections. The excluded patients replaced by others
according to the study criteria to collect finally 40 participants (the calculated sample
size).
After obtaining consent form (Appendix A2) from the triggered subjects through
several workshops explained the intervention program, duration of intervention,
measurements, and the expected complications; forty patients with type 2 diabetes
enrolled in the study and completed the questionnaire (Appendix B). The subjects
were stratified according to age, sex (male / female), BMI and FBS. By using a
computer-generated, random-number sequence, The subjects were randomly allocated
into two groups and the primary data (BMI, sex, age, FBS) were statistical analyzed
between two groups to ensure that there was no significant differences between the
groups.
The two groups defined as follows:
Group A: The control group, who did not receive any supplements for 3 months and
included 20 patients.
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Group B: The intervention group, who received supplementation of Magnesium
tablets 250 mg/daily for 3 months of intervention program and included 20 patients.
Both groups followed – to a great extent- the appropriate and similar diet and
life style.
Checklists were distributed to subjects for daily recording dose and were collected
every week to find out any missing dose.
The researcher followed up the subjects' adherence to supplementation through
mobile calls (1-2 calls weekly), checking the subjects' checklists weekly, and counting
the remaining tablets to find out any missed dose.
Figure (3.1) represent the profile of the study.
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400 DM patients' documents were reviewed


10 not agreed to take part

Clinical and laboratory
evaluation

Inclusion & exclusion criteria
20 not responding the phone

80 documents suitable for the study

50 came to the clinic for evaluation to ensure
eligibility criteria
Excluded (n= 10)
Enrolled the study (n=40)

40 patients were stratified according to
age, sex, FBS, and BMI





Age


<=50 years
>& 50years

Sex
Males &
females

FBS

BMI

<=140mg/dl
&>140mg/dl

Normal,overweight &obese






Simple randomization for allocation
into two groups




 Control group (n=20)

Intervention group (n =20)




Intervention program for 3 months




Data entry and data editing

Figure 3.1: Profile of the study
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Data analysis

3.6.2 Supplement
Magnesium tablets from Jamieson Company were used. Each tablet contains
250 mg elemental Magnesium in the form of a highly absorbable Magnesium
complex source of oxide, gluconate and lactate. The supplement contain no salt, no
sugar, no starch, no gluten, and no lactose. Each patient used one tablet per day with
meal for 3 months.
3.7 Dietary stabilization phase
During the dietary stabilizing phase, the subjects in both groups were
instructed to follow a prescribed diet plan for one week, to stabilize the serum glucose
level (30% of total energy as fat, 15% of energy as protein, 55% of energy as
carbohydrate focused on complex carbohydrate). Dietary stabilization was not the
major focus of this intervention and the its main goal was to encourage subjects to
maintain their same dietary pattern throughout the intervention phase.
3.8 Materials and Methods
All participants were given a written informed consent to participate in the
study after explaining the intervention and expected complications. Participants then
classified into two groups, Magnesium supplement group and controlled group.
All of the following measurements had been recorded at the baseline and the
end of the intervention.
3.8.1 Anthropometric


Body weight

Participants were weighed in kilograms using digital weighing scale. Anthropometry
procedures manual (CDC, 2007) was followed. The scale was placed on a hard-floor
surface, and balanced with sliding weights at zero.
Participants were asked to remove their heavy outer garments (jackets, coats, ect.) and
shoes, stand in the center of scale platform facing the recorder, hands at sides, and
looking straight ahead. Then the weight was recorded to the resolution of the scale
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(the nearest 0.1 kg). The weight was taken twice for all the respondents and the
average weight was calculated.


Height

Participants followed the same instruction in weight measurement, removed shoes
and any hair ornaments, jewelry from the top of the head, stand in the center of scale
platform, hands at sides, and looking straight ahead. The height was recorded in
meters. The height was taken twice for all the respondents and the average height was
calculated.


Body mass index (BMI).

The BMI is defined as the body mass divided by the square meters of the body
height, and is universally expressed in units of kg/m2. BMI is considered by WHO
and health departments of the major countries as the standard way of diagnosing
overweight and obesity. With the same cut-offs for men and women. BMI is the
indicator used to evaluate nutritional status of adult in both normal situations and
emergencies. BMI is an attempt to quantify the amount of tissue mass (muscle, fat,
and bone) in an individual, and then categorize that person as underweight, normal
weight, overweight, or obese based on that value.
The WHO regards a BMI of less than 18.5 as underweight and may indicate
malnutrition, an eating disorder, or other health problems, while a BMI equal to or
greater than 25 is considered overweight and above 30 is considered obese (WHO,
2006). Table (3.1) shows the BMI categories according to WHO.

Table 3.1: Classification of body mass index (BMI) according to WHO
BMI
Weight Status
Below 18.5

Underweight

18.5 – 24.9

Normal

25.0 – 29.9

Overweight

from 30 to 35

Obese Class I (Moderately obese)

from 35 to 40

Obese Class II (Severely obese)

over 40

Obese Class III (Very severely obese)
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3.8.2 Blood pressure
Blood pressure was measured and recorded at the baseline, and after 3 months
(which is the time period of the intervention program). Sphygmomanometer was used
for blood pressure measurements. Blood pressure was measured at the base line level
and after 15 min from non-dominant hand while the subject lying-down on the bed.
The average of 2-3 separated measurements at different times was calculated and
recorded. Diabetic Patient who had systolic blood pressure more than 130 mmHg or
diastolic blood pressure more than 80 mmHg at separated measures is classified as
hypertensive patients (ADA 2010).
3.8.3 Biochemical Tests
All of the following biochemical measurements were taken at the baseline, and
after 3 months (which is the time period of the intervention program). Five ml of
blood were withdrawn from the anticubital vein of all participants in the laboratory of
AL-Awda Medical Specialist Centre at UHWC in Gaza. Measured biochemical tests
included fasting insulin level, C-peptide, fasting blood sugar, hemoglobin A1c,
triglyceride levels, cholesterol level, high density Lipoprotein cholesterol (HDL-c),
Alanine aminotransferase enzyme (ALT), serum Calcium, serum Magnesium and Creactive protein (CRP),
Low Density Lipoprotein cholesterol (LDL-c) calculated according to the
following formula LDL-c = TC – HDL-c–(TG/5.0) (mg/dL) (Friedewald et al.,
1972).
HOMA-IR and HOMA-B% were calculated in order to predict insulin
sensitivity and Beta function according to the following formulas: HOMA-IR=
(glucose (mg) * insulin level (μIU/ml)/ 405, and HOMA-B% = (360* insulin level
(μIU/ml)) / (glucose (mg) - 63), (Matthews, et al., 1985).
3.8.3.1 Analyzing kits and devices
The device used for chemistry analysis of the biochemicals (F.B.S, T.C, TG,
HDL, serum Ca, serum Mg and ALT) was (HumaLyzer Primus; semi-automatic
photometer, SN;600133), and the kits used for this device were :
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Fasting blood sugar (F.B.S)
F.B.S was measured using glucose oxidase method (DiaSys, GOD-PAP kit).
Normal level in the plasma 70-115 mg/dL.
Sensitivity: 1 mg/dL



Total cholesterol (T.C)
T.C was measured using (Quimica Clinica Aplicada S.A., CHOD-POD
cholesterol kit.)
Reference value: (less than 200 mg/dL recommended, 200-239 mg/dL upper
limit, more than 240 mg/dL high value).



Triglycerides (TGs)
TG was measured using (triglyceride GPO-POD. Kit)
Reference value: (less than 150 mg/dL desirable, 150-200 upper limit, more
than 200mg/dL high)
Sensitivity: 1 mg/dL



High density lipoprotein (HDL)
Measured using (Minias Globe Diagnostics, Liquid HDL precipitant kit).
Reference values: based on the risk for heart diseases( less than 40mg/dL high
risk, 40-59mg/dl moderate risk, more than 60mg/dl low risk for heart diseases)



Serum calcium (Ca)
Serum

calcium

was

measured

using

photometric

test

(Human,

Cresolphthalein- complexone kit). Normal range 8.1-10.4 mg/dL


Serum Magnesium (Mg)
Serum Magnesium was measured using colorimetric method (LINEAR
Chemicals. S.L., Magnesium Calmagite kit).
Normal range 1.6-3 mg/dL
Sensitivity: 0.0721 A/mg/dL magnesium



Alanine aminotransferase (ALT)
ALT was measured using photometric method (Chemelex, S.A.- LDH-NADH.
Kinetic UV. Liquid.)
Normal level (for females less than 32 U/L, males less than 40U/L).
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Sensitivity: 1 U/L=0.00052 A/min
The device used for HbA1c analysis was (ClOVER A1c analyzer ), and the
kit used was (CLOVER A1c test cartridge and used with ClOVER A1c analyzer
only, The target HbA1c for diabetic patients is less than 7%.).

The device used for insulin and C-peptide analysis was (SNIBE CLIA
analyzer) and the kits used for:


Insulin level (IL)
Insulin level was measured using (Snibe- MAGLUMI Insulin CLIA kit)
Reference value: 4.03-23.46 μIU/ml (before meal)
Sensitivity: less than 3.0 μIU/ml.



C-Peptide
C-peptide was measured using (Monobind Inc.-Ins/C-Pep VAST ELISA kit.)
Reference value :0.7-1.9 ng/ml
Sensitivity: 0.020 ng/ml
The device used for high sensitivity C-reactive protein was (Mindry

chemistry analyzer), and the kit used was (Quimica clinica Aplicada S.A., CRP
Turbidimetric Latex 1:5 kit )
High-sensitivity C-reactive protein (hs-CRP) test was used to accurately
measure low levels of C-reactive protein. This test identify low but persistent levels of
inflammation and thus helps predict a person's risk of developing cardiovascular
disease.
References values according to CDC and the American Heart Association;
( less than 1.0 mg/L low risk, from 1.0 to 3.0 mg/L moderate risk, more than 3.0mg/L
high risk for cardiovascular disease).
Sensitivity: 1.98mAbs/ mg/L
3.9 Data Collection
Data collection was carried out from the recruited subjects in diabetes clinic at
UHWC by individual interviews with target subjects and pretested questionnaire by
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the researcher himself. The questionnaire was prepared after it was judged and
validated by panel of experts. The questionnaire items contained necessary details
like: patient's initials, age, gender, age of diabetes disease and level of physical
activity. It also contained nutritional behavioral questions as well as healthy lifestyle
questions (appendix B).
3.10 Data management and analysis
Data were entered into an SPSS (statistical package for social sciences)
version 16.0 data base for windows. At first, data treatment was carried out through
data cleaning, defining and recoding of certain variables. The data analysis divided
into two steps: descriptive statistics and analysis of variance. The data were presented
in tables. The quantitative data were represented in the form of proportions (%) and of
means with standard deviations or medians with their extremes (minimum and
maximum). All measurements and indicators of the two groups were compared at the
baseline, and after three months of intervention to evaluate the impact of the
intervention. The changes between and within groups were measured. To compare the
changes within the group (pre – post) Wilcoxon test for non-parametric data was used,
and for the comparison between the groups Mann-Whitney U Test for 2 independent
nonparametric data was performed. Also, to compare within-between groups changes
one-way repeated measure ANOVA was used.
3.11 Ethics consideration
We confirm our commitment to deliver the research project in accordance
with Al-Azhar University policies and procedures and we assume full responsibility
to keep security and confidentiality of personal data. There is no risks in participants
health's who were involved in our study. We have been get an official letter of
approval to conduct the study from the following:
1. Approval from Dean of pharmacy college.
2. Approval from Union of Health Work Committees.
3. Approval from Helsinki Committee. (Appendix A1)
4. Consent of the participant patients.(Appendix A2).
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CHAPTER 4
RESULTS
This study was conducted to investigate the effect of Magnesium
supplementation on glycemic control, lipid profile and blood pressure in type 2
diabetic patients. Forty subjects from both gender who attend UWHC were selected
according to the inclusion criteria, and were recruited to`the study and followed by
three months intervention program.
4.1 Socio- demographic and Socio-economic characteristics of the study sample
Table (4.1) presents a summary of the socio-demographic and socioeconomic
variables. A total of 40 respondents were surveyed, 22 (55%) of them were males
while 18 (45%) were females. The mean age of respondents was 51.35 years, the ages
ranging from 38 to 69 years. About 65% of the respondents' education level were
found to be secondary level, 10% have university level of education, 10% diploma
certificates and 15% have low educational level (primary and preparatory education).
The average number of sons was 5.59 and the household size ranged from 2 to
15. Almost 97.5 % of the total respondents were married and 2.5% were widowed,
70% of the respondents were breadwinners working as governmental or selfemployees, and 30% did not have any type of work. The average of total income was
2462.5 NIS, and 22.5% depend on regular aids. More than half of the respondents 23
(57.5%) were suffering from deep or absolute poverty, where 5 (12.5%) were under
relative poverty, The absolute poverty line and the relative poverty line according to
consumption patterns in the Palestinian Central Bureau of Statistics (PCBS) in 2015
were 1832 NIS and 2293 NIS respectively.
Geographically, majority of the sample (77.5%) was from Gaza governorate,
while the rest of the sample (22.5%) was from the north governorate. With respect to
type of home, 87.5% of the respondents' homes were owned and 12.5% were tenant.
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Table 4.1 : Socio-demographic and Socio-economic characteristics of respondents
Profile
Gender

Variables
Male
Female
Total

Frequency
22
18
40

Percentage
55%
45%
100%

Place of residency

North Gaza
Gaza
Middle area
Khan Younis
Rafah
Total

9
31
0
0
0
40

22.5%
77.5%
00%
00%
00%
100%

Type of housing

Owner
Tenant
Total

35
5
40

87.5%
12.5%
100%

Educational level

Primary
Preparatory
Secondary
Diploma
University
Total

1
5
26
4
4
40

2.5%
12.5%
65%
10%
10%
100%

Occupation

Work
Don't work
Total

28
12
40

70%
30%
100%

Family income

Less than 1832 NIS*
Between 1832-2293 NIS**
More than 2293 NIS
Total

23
5
12
40

57.5
12.5
30
100%

* Deep or absolute poverty according to PCBS
** Under relative poverty

4.2 Life style characteristic
Table (4.2) presents lifestyle characteristics of the respondents. Majority of
the respondents 29 (72.5%) watch TV regularly and the average time spent on
watching TV daily was about 115.5 minutes, and 26( 65%) use internet regularly and
the average time spent on using internet daily was about 106.2 minutes.
More than half of the respondents 23 (57.5%) were physically inactive, while
17 (42.5%) practice sport daily, and the average time spent in sport 15 minutes.
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More than three quarters of the respondents 31 (77.5%) don't smoke while the
rest 9 (22.5) are smokers.
Table 4.2 : Life style characteristics of the respondents.
Profile

Variables

Watching TV

Yes
No
Total

Yes
No
Total
Yes
No
Total

29
11
40

72.5%
27.5%
100%

26
14
40

65%
35%
100%

17
23
40

42.5%
57.5%
100%

9
31
40

22.5%
77.5%
100%

0.28 (0.39)

Hours spent on sport
Smoking

Percentage

1.78 (1.56)

Hours spent on internet
Sport

Frequency

1.93 (1.44)

Hours spent on TV
Using internet

Mean (SD)

Yes
No
Total

4.3 Medical and nutritional characteristics
Table (4.3) shows medical and nutritional characteristics of the respondents.
Parents of 77.5%of respondents were non relatives, Out of 40 respondents, either one
of the parents of 14 cases had suffered from type 2 diabetes and 14 cases who their
both parents were DM type 2 patients.
All the respondents are on antidiabetic medication such as metformin and
glimepiride. More than half of the respondents 24 (60%) follow diet regime, the
majority of them (45%) follow their diet regime by nutritionist. In addition, all of the
respondents depending on home-cooked meals regularly and none of them familiar
with outside food. The average duration of the disease since diagnosis was 9 months
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Table 4.3: Medical and nutritional characteristic of the respondents
Profile
Variables
Frequency Percentage
Yes
9
22.5%
Are the parents are relatives
No
31
77.5%
Total
40
100%
Is any of them suffer from DM

Father
Mother
Both
None
Total

5
9
14
12
40

12.5%
22.5%
35%
30%
100%

Use of anti diabetes medication

Yes
No
Total

40
0
40

100%
0.00%
100%

Follow diet regime

Yes
No
Total

24
16
40

60%
40%
100%

Source of diet regime

Specialized
Nutritionist
Others
None
Total

2
18
4
16
40

5%
45%
10%
40%
100%

Regular diet

Fast food
Homemade
Total

0
40
40

0.00%
100%
100%

4.4 Anthropometric characteristics
Table (4.4) presents anthropometric characteristics of the respondents, the
mean weight for respondents was 84.14 kg (SD 15.56), the mean height was 1.66M
(SD 0.10), and the mean BMI was 30.26 Kg/m^2 (SD 4.04), more than half of the
respondents (52.5%) are overweight, while (47.5) are obese.
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Table 4.4: Anthropometric characteristics of all respondents
Variables

Frequency (%)

Mean ( SD)

Weight (kg)

84.14 (15.56)

Height ( m)

1.66 (0.1)
30.26 (4.04)

BMI (kg/m^2)
Normal

0 (0.00)

Overweight

21 (52.5)

Obese

19 (47.5)

4.5 Calcium, Magnesium, and Ca/Mg ratio characteristics of both groups at
baseline.
Table (4.5) present calcium, Magnesium, and Ca/Mg ratio characteristics of
both groups at baseline. The mean of serum calcium was 8.963 mg/dL. The mean of
serum Magnesium was 2.023 mg/dL. All the respondents were within normal range of
both minerals which is from 8.1 to 10.4 mg/dL for calcium and from 1.6 to 3 mg/dL
for Magnesium. The mean of Ca/Mg ratio was 4.476.

Table4.5:Calcium, Magnesium and Ca/Mg ratio characteristics of respondents
Variables

n(%)

Mean (SD)
8.963 (0.413)

Serum Calcium mg/dL
Within normal range

40 (100)

More than 10.4 mg/dL

0 (00)

Less than 8.1 mg/dL

0 (00)
2.023 (0.209)

Serum Magnesium mg/dL
Within normal range

40 (100)

More than 3mg/dL

0(00)

Less than 1.6 mg/dL

0 (00)
4.476 (0.489)

Ca/Mg ratio
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4.6 Changes in serum calcium, serum Magnesium, and Ca/Mg ratio.
4.6.1 Changes between groups
Table (4.6) shows no statistically significant differences between the control
and intervention group in serum calcium level, serum Magnesium and Ca/Mg ratio at
baseline. On the other hand, there were statistical significant differences between the
control and intervention group in serum calcium level, and Ca/Mg ratio after 3 months
of Magnesium supplementation
Table 4.6: Comparison of calcium, Magnesium, and Ca/Mg ratio before and after intervention
Variables

Control group
( n = 20)

Intervention group

Mean Diff

Z statistics

P value*

(n = 20 )

Median (IQR)

Median (IQR)

Serum Ca

8.85 (0.57)

9 (0.4)

-0.035

-0.53

0.602

Serum Mg

2 (0.28)

1.95 (0.38)

0.055

-0.92

0.369

4.49 (0.8)

4.66 (0.85)

-0.1395

-1.083

0.289

Serum Ca

8.9 (0.93)

8.4 (0.38)

0.505

-3.14

0.001

Serum Mg

1.95 (0.28)

2 (0.3)

-0.14

-1.81

0.076

Ca/Mg ratio

4.55 (0.76)

4.2 (0.55)

0.5695

-3.235

0.001

Pre

Ca/Mg ratio
Post

* Mann-Whitney U Test for independent nonparametric data. The level of significant is <0.05

4.6.2 Within- group effect
Table (4.7.1) shows no statistical significant differences in calcium level,
Magnesium level, and Ca/mg ratio within the control group followed intervention
period.
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Table 4.7.1: Calcium, Magnesium, and Ca/Mg ratio changes within control group.
Mean Diff

Z statistics

P value*

0.035

-0.242

0.809

0.13

-1.603

0.109

-0.2745

-1.512

0.131

Changes in calcium
Pair 1

Ca (pre) – Ca (post)

Changes in Magnesium
Pair 2

Mg (pre) _ Mg (post)

Changes in Ca/Mg ratio
Pair 3

Ca/mg (pre) – Ca/mg (post)

The level of significance is <0.05
*Wilcoxon test for nonparametric data

Table (4.7.2) shows statistical significant differences in calcium level (P<0.001) , and Ca/mg
ratio (P=0.002) within the intervention group after 3 months of intervention.

Table 4.7.2: Calcium, magnesium, and Ca/Mg ratio changes within intervention group.
Mean Diff

Z statistics

P value*

0.575

-3.851

< 0.001

-0.065

-1.057

0.291

0.435

-3.136

0.002

Changes in calcium
Pair 1

Ca (pre) – Ca (post)

Changes in magnesium
Pair 2

Mg (pre) _ Mg (post)

Changes in Ca/Mg ratio
Pair 3

Ca/mg (pre) – Ca/mg (post)

*Wilcoxon test for nonparametric data . The level of significance is <0.05

4.6.3 Within-between groups effects
Table (4.8) shows the changes in serum calcium, serum Magnesium, and
Ca/Mg ratio after 3 months of intervention. Calcium level and Ca/Mg ratio were
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significantly decreased (0.575 mg/dl, p=0.001 and 0.435, p=0.001 respectively), and
Magnesium was significantly increased (0.065mg/dl, p=0.036) after 3 months of
intervention. Thus, the supplementation of Magnesium decreased calcium level and
Ca/Mg ratio and increased Magnesium significantly in intervention group when
compared with the control group by repeated test for treatment ( time x treatment
interaction).
Figures 4.1, 4.2 and 4.3 shows the direction of increment and reduction in
Calcium, magnesium and Ca/Mg ratio after the intervention period in both groups.
Table 4.8: Differences in Ca, Mg, and Ca/Mg ratio in the control and intervention groups
Control (n=20)

Intervention (n=20)
P valuea

Variables
Preb

Post

Pre

Post

Ca ( mg/dl)

8.945(0.45)

8.91(0.579)

8.98(0.383)

8.405(0.246)***

0.001

Mg ( mg/dl)

2.05(0.212)

1.92(0.191)

1.995(0.209)

2.06(0.19)

0.036

Ca/Mg ratio

4.406(0.491)

4.681(0.535)

4.546(0.489)

4.111(0.372)**

0.001

a Repeated Measure ANOVA between control and intervention groups
b Mean(Standard Deviation)
The level of significant is <0.05
Asterisk=significantly different by Wilcoxon test between baseline and 3rd month in the same group,
**p<0.01, ***p<0.001
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Figure 4.1: Changes in calcium level (mg/dl)

Figure 4.2: Changes in Magnesium level (mg/dl)
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Figure 4.3: Changes in Ca/Mg ratio

4.7 Glycemic control indicators characteristics for both groups at baseline level
Table (4.10) presents the glycemic control parameters of the respondents for
both groups. The mean fasting blood sugar was 158.83 mg/dl, all the respondents
were above the normal cutoff point which is 110 mg/dl. The mean HbA1c was
8.17(1.05) and half of the respondents were above normal cutoff point which is from
6% to 8%, and the mean insulin level was 14.36 μIU/ml, the majority of the
respondents 39 (97.5%) were in the normal reference range (4-23.46μIU/ml). In
addition, the mean C-peptide level was 2.24 ng/ml and the majority of respondents 24
(60%) were above the normal reference range which is 0.7-1.9 ng/mL. Moreover, the
mean of HOMA-IR and HOMA-B% were 5.65 and 56.62 respectively.
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Table 4.9 :Glycemic control indicators characteristics of all respondents.
Variables

n(%)

Mean (SD)
158.83 (23.95)

Fasting blood sugar (mg/dl)
Normal range (<110mg/dL)

0 (0.00)

110-149 mg/dl

13 ( 32.5)

More than 150 mg/dl

27 (67.5)
8.17 (1.05)

HbA1C %
Within normal level (6 - 8 %)

20 (50)

More than 8%

20 (50)
14.36 (4.69)

Insulin level (μIU/ml).
Within normal range (4-23.4 μIU/ml)

39 (97.5)

More than 23.46

1 (2.5)
2.24 (0.68)

C-peptide (ng/ml)
Within normal range (0.7 – 1.9 ng/mL)

16 (40)

More than 1.9

24 (60)

HOMA-IR

5.65 (2.10)

HOMA-B%

56.62 (20.07)



4.8 Changes in the glycemic control indicators
4.8.1. Changes between groups
Table (4.10) shows no statistically significant difference between control and
interventional groups in glycemic control indicators at the baseline level. On the other
hand, the results reported statistically significant differences between intervention and
control group after intervention in glycemic control indicators FBS, IL, C-peptide and
showed no statistical significant difference between control and interventional groups
in HbA1c, but the Mean Diff within group showed that there is marked reduction in
HbA1c from 8.32% to 7.69% in intervention group, where there is an increasing in
HbA1c from 8.03% to 8.49% in control group.
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Table 4.10: Comparison of glycemic control indicators before and after intervention.
Variables

Control Group

Intervention Group

Mean Diff Z Statistics P Value*

(n = 20 )

(n = 20 )

( MD)

Median (IQR)

Median (IQR)

158.5 (43.75)

161 (25.25)

0.45

-0.176

0.862

7.9 (0.95)

8.15 (1.88)

-0.29

-0.609

0.547

11.925 (5.87)

15.615 (7.52)

-2.59

-1.731

0.086

C-peptide

2 (0.68)

2.15 (1.28)

-0.1

-0.569

0.583

HOMA-IR

4.7 (3.32)

5.58 (2.81)

-1.02

-1.542

0.127

HOMA-B%

51.235 (36.38)

61.245(28.99)

-6.76

-1.109

0.277

163 (32.75)

146.5 (15.75)

20.55

-2.558

0.009

HbA1c

8.3 (1.07)

7.8 (1.7)

0.53

-1.749

0.081

Insulin level

16.2 (6.18)

12.64 (4.32)

4.57

-2.679

0.007

C-peptide

2.4 (0.88)

1.895 (0.28)

0.59

-3.223

0.001

HOMA-IR

6.29 (4.3)

4.69 (1.57)

2.71

-3.165

0.001

HOMA-B%

51.76 (34.73)

53.255 (16.59)

6.84

-0.46

0.659

Pre
F.B.S
HbA1c
Insulin level

Post
F.B.S

* Mann-Whitney U Test for independent nonparametric data. The level of significant is <0.05

4.8.2 Within –group effect
Table (4.11.1) shows no statistical significant differences in F.B.S and HOMA-B% in
the control group throughout the intervention period. While there were statistically
significant increase in HbA1c, insulin level, C-peptide, and HOMA-IR in the same
group. (The increase in theses glycemic control indicators suggests that the glycemic
control for the respondents in the control group is getting worse by time).
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Table 4.11.1: Glycemic control indicators changes within control group.
Mean Diff

Z statistics

P value*

Changes in F.B.S
Pair 1

F.B.S (pre) – F.B.S (post)

-9.55

-0.564

0.573

-0.46

-2.962

0.003

-3.681

-3.173

0.002

-0.305

-2.467

0.014

-2.01

-2.8

0.005

-5.97

-1.381

0.167

Changes in HbA1c
Pair 2

HbA1c (pre) _ HbA1c (post)

Changes in insulin level
Pair 3

IL (pre) – IL (post)

Changes in C-peptide
Pair 4

C-P (pre) – C-P (post)

Changes in HOMA-IR
Pair 5

HOMA.IR (pre)_ HOMA.IR (post)

Changes in HOMA-B%
Pair 6

HOMA.B (pre)_ HOMA.B (post)

*Wilcoxon test for nonparametric data. The level of significance is <0.05

Table (4.11.2) shows statistical significant differences in all glycemic control
indicators in the intervention group after 3 months of magnesium supplementation.
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Table 4.11.2: Glycemic control indicators changes within intervention group.


Mean Diff

Z statistics

P value*

10.55

-3.14

0.002

0.36

-3.108

0.002

3.47

-2.837

0.005

0.38

-2.018

0.044

1.72

-3.286

0.001

7.628

-2.016

0.044

Changes in F.B.S
Pair 1

F.B.S (pre) – F.B.S (post)

Changes in HbA1c
Pair 2

HbA1c (pre) _ HbA1c (post)

Changes in insulin level
Pair 3

IL (pre) – IL (post)

Changes in C-peptide
Pair 4

C-P (pre) – C-P (post)

Changes in HOMA-IR
Pair 5

HOMA.IR (pre)_ HOMA.IR (post)

Changes in HOMA-B%
Pair 6

HOMA.B (pre)_ HOMA.B (post)

*Wilcoxon test for nonparametric data. The level of significance is < 0.05

4.8.3. Within-between groups effect
After 3 months of intervention, significant changes were observed in the majority of
glycemic control indicators in both groups (table 4.12). In the intervention group,
HbA1c, insulin level, C-peptide, and HOMA.IR, HOMA.B% were improved
significantly (0.36% p<0.001, 3.47μIU/ml p<0.001, 0.38ng/ml p=0.001, 1.72
p<0.001, 7.628 p= 0.036 respectively ). The reduction in FBS 10.55mg/dl appeared to
be significant (p=0.068). Thus, the supplementation of magnesium showed significant
improvement in the majority of glycemic control indicators in the intervention group
when compared with the control group by repeated test for treatment (time x
treatment interaction).
Figures 4.4, 4.5, 4.6, 4.7, 4.8 and 4.9 show the direction of increment and reduction in
glycemic control indicators after the intervention period in both groups.
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Table 4.12: Differences in glycemic control indicators in the control and intervention groups
Control (n=20)

Intervention (n=20)
P valuea

Variables
Preb

Post

Pre

Post

FBS (mg/dl)

159.05(30.83)

168.6(31.36)

158.6(15.06)

148.05(10.52)**

0.068

HbA1c (%)

8.025(0.836)

8.49 (0.959)**

8.32(1.239)

7.96(1.028)**

<0.001

IL (μIU/ml)

13.069(4.565)

16.75(5.66)**

15.65(4.556)

12.18(2.806)**

<0.001

C-peptide (ng/ml)

2.19(0.667)

2.495(0.703)*

2.287(0.716)

1.907(0.336)*

0.001

HOMA.IR

5.14(2.048)

7.15(3.347)**

6.162(2.08)

4.442(1.06)***

<0.001

HOMA.B%

53.24(21.884)

59.21(20.037)

59.997(17.9)

52.37(13.363)*

0.036

a Repeated Measure ANOVA between control and intervention groups
b Mean(Standard Deviation)
The level of significant is <0.05
Asterisk=significantly different by Wilcoxon test between baseline and 3rd month in the same group,
*p<0.05, **p<0.01, ***p<0.001

Figure 4.4: Changes in FBS (mg/dL)
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Figure 4.5: Changes in HbA1c (%)

Figure 4.6: Changes in insulin level (μIU/ml).
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Figure 4.7: Changes in C-peptide (ng/mL)

Figure 4.8: Changes in HOMA.IR
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Figure 4.9: Changes in HOMA.B%

4.9 Lipid profile characteristics for both groups at baseline level.
Table (4.13) presents lipid profile characteristics of the respondents for both
groups. The mean triglyceride level for respondents was 158.2 mg/dL, and all of the
respondents had triglyceride level within desirable range which is less than 200
mg/dL. The mean cholesterol for respondents was 166.5 mg/dL, majority 32 (80%) of
the respondents had cholesterol level less than 200 mg/dL. The mean of HDL was
56.275mg/dL, majority 26 (65%) of the respondents had HDL level within normal
range, while 2 (5%) of the respondents had HDL level less than 35mg/dL. The mean
of LDL was 84.185mg/dL, majority of respondents 37(92.5%) had LDL level less
than 130 mg/dL.
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Table 4.13: Lipid profile characteristics of the respondents
Variables

n(%)

Mean (SD)
158.2 (29.693)

Triglyceride mg/dl
Less than 200 mg/dl

40 (100)

Up to 200 mg/dl

0 (0.00)
166.5 (33.41)

Cholesterol mg/dl
Within normal range

32 (80)

Up to 200 mg/dl

8 (20)
56.275 (14.599)

HDL mg/dl
Within normal range

26 (65)

More than 60

12 (30)

Less than 35

2 (5)
84.185 (36.3)

LDL mg/dl
Less than 130

37(92.5)

More than 130

3(7.5)

4.10 Changes in the lipid profile
4.10.1 Changes between groups
Table (4.14) shows no statistically significant differences between control and
intervention group in all lipid profile indicators at baseline. After 3 months of
intervention, there was statistical significant difference between control and
intervention group in triglyceride level. On the other hand, there was no statistical
significant differences between control and intervention group in cholesterol, HDL,
and LDL after 3 months of intervention, but the Mean Diff within group, especially
the control group showed that there was increase in total cholesterol and LDL from
170.4 mg/dL to 179.15 mg/dL and from 79.96 mg/dL to 94.96 mg/dL respectively.
The increase in theses lipid indicators suggests that the cholesterol and LDL for the
respondents in the control group is getting worse by time .
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Table 4.14: Comparison of lipid profile before and after intervention
Variables

Control group

Intervention group

( n = 20)

Mean Diff

Z statistics

P value*

(n = 20 )

Median (IQR)

Median (IQR)

Triglyceride

168.5 (32.75)

165 (38.75)

3.1

-0.501

0.620

Cholesterol

165.5 (57.75)

162 (46.25)

7.8

-0.622

0.547

HDL

55.5 (17.0)

54 (21.25)

3.45

-0.623

0.547

LDL

72.2 (66.35)

79.6 (60.6)

3.73

-0.284

0.779

Triglyceride

163.5 (38.25)

152 (34.75)

23.5

-2.598

0.009

Cholesterol

174.5 (61)

164 (19.0)

17.83

-1.759

0.081

HDL

50 (14)

55 (18.0)

-4.379

-0.799

0.429

LDL

86.7 (67.5)

76.3 (39.2)

21.55

-1.434

0.157

Pre

Post

* Mann-Whitney U Test for independent nonparametric data. The level of significant is <0.05

4.10.2 Within- group effect
Table (4.15.1) shows no statistically significant differences in triglyceride,
cholesterol, HDL and LDL levels in the control group, but the negative sign of
triglyceride (-7.75 mg/dl), total cholesterol (-8.75 mg/dl) and LDL (-15 mg/dl) of the
pre-post changes indicate that the lipid profile is deteriorating with the time for
respondents of the control group.
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Table 4.15.1: Lipid profile changes within control group.
Mean Diff

Z statistics

P value*

-7.75

-0.859

0.39

-8.75

-1.63

0.103

7.8

-0.99

0.322

-15

-1.755

0.076

Changes in triglyceride
Pair 1

TG (pre) – TG (post)

Changes in cholesterol
Pair 2

T.C (pre) _ T.C (post)

Changes in HDL
Pair 3

HDL (pre) – HDL (post)

Changes in LDL
Pair 4

LDL (pre) – LDL (post)

The level of significance is <0.05
*Wilcoxon test for nonparametric data

Table (4.15.2) shows no statistically significant differences in triglyceride,
cholesterol, HDL, and LDL levels before and after three months of Magnesium
supplementation, however the positive sign of Mean Diff in (TG, T.C, LDL) indicate
to reduction in lipid indicators in the intervention group.
Table 4.15.2: Lipid profile changes within intervention group.
Mean Diff

Z statistics

P value*

12.65

-1.288

0.198

5.15

-0.584

0.56

-0.2

-0.242

0.809

2.82

-0.037

0.970

Changes in triglyceride
Pair 1

TG (pre) – TG (post)

Changes in cholesterol
Pair 2

T.C (pre) _ T.C (post)

Changes in HDL
Pair 3

HDL (pre) – HDL (post)

Changes in LDL
Pair 4

LDL (pre) – LDL (post)

*Wilcoxon test for nonparametric data. The level of significance is <0.05
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4.10.3. Within-between groups effect
Table (4.16) showed no significant changes in the lipid profile in both groups
after 3 months of intervention. Thus, the supplementation of magnesium showed no
significant improvement in the lipid profile in the intervention group when compared
with the control group by repeated test for treatment ( time x treatment interaction).
Figures 4.10, 4.11, 4.12 and 4.13 shows the direction of increment and reduction in
the lipid profile after the intervention period in both groups.
Table 4.16: Differences in the lipid profile in the control and intervention groups
Control (n=20)

Intervention (n=20)
P value a

Variables
b

Pre

Post

Pre

Post

TG (mg/dl)

162.2(29.77)

169.95(28.18)

159.1(29.61)

146.45(26.9)

0.123

T.C (mg/dl)

170.4(35.61)

179.15(35.14)

162.6(31.48)

157.45(30.2)

0.152

HDL (mg/dl)

58(14.69)

50.2(13.81)

54.55(14.68)

54.75(11.9)

0.191

LDL (mg/dl)

79.96(37.7)

94.96(38.76)

76.23(37.12)

73.41(30.9)

0.160

a Repeated Measure ANOVA between control and intervention groups
b Mean(Standard Deviation)
The level of significant is <0.05
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Figure 4.10: Changes in Triglyceride (mg/dL)

Figure 4.11: Changes in total cholesterol (mg/dL)
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Figure 4.12: Changes in HDL (mg/dL)

Figure 4.13: Changes in LDL (mg/dL)
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4.11 Blood pressure characteristics for both groups at baseline level.
Table (4.17) shows blood pressure characteristics of the respondents for both
group. The mean blood pressure in systole was 130.8 mmHg, and more than half of
the respondents 22 (55%) had systolic blood pressure above the normal cut off point
for diabetic patients which is 130 mmHg. The mean diastolic blood pressure was
77.25 mmHg, 17 (42.5%) out of 40 had diastole blood pressure above normal cut off
point for diabetic patients which is 80 mmHg.
Table 4.17 : Blood pressure characteristics for all respondents
Variables

n (%)

Mean (SD)
130.8 (11.147)

Blood pressure systole (mmHg)
Normal < 130

18 (45)

130 mmHg or more

22 (55)
77.25 ( 9.223)

Blood pressure diastole (mmHg)
Normal <80

23 (57.5)

80 mmHg or more

17 (42.5)

 4.12 Changes in blood pressure.

4.12.1 Changes between groups
Table (4.18) shows statistically significant differences in systolic and diastolic
blood pressure between the intervention and control groups after 3 months of
intervention.
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Table 4.18. Comparison of blood pressure measurements before and after intervention
Variables

Control group
( n = 20)

Intervention group

Mean Diff

Z statistics

P value*

(n = 20 )

Median (IQR)

Median (IQR)

Systole

133.5 (11.75)

128.5 (19)

2.7

-0.948

0.355

Diastole

78 (14.5)

77.5 (11.75)

-1.9

-0.230

0.820

Systole

135 (7.75)

127 (10.75)

10.85

-4.212

<0.001

Diastole

77.5 (8)

75 (8.25)

4.9

-2.021

0.043

Pre

Post

* Mann-Whitney U Test for independent nonparametric data. The level of significant is <0.05

4.12.2 Within-group effect
Table (4.19.1) shows no statistically significant difference in systolic and
diastolic blood pressure in the control group throughout the supplementation period.
Table 4.19.1: Blood pressure changes (mmHg) within the control group
Mean Diff

Z statistics

P value*

Changes in systole
Pair 1

systole(pre) _ systole(post)

-3.4

-1.888

0.059

-2.4

-0.866

0.386

Changes in diastole
Pair 2

diastole(pre) _diastole(post)

*Wilcoxon test for nonparametric data. The level of significance is < 0.05

Table (4.19.2) shows a statistical significant difference in systolic and diastolic
blood pressure in the intervention group after 3 months of Magnesium
supplementation.
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Table 4.19.2 :Blood pressure changes (mmHg) within the intervention group
Mean Diff

Z statistics

P value*

Changes in systole
Pair 1

systole(pre) _ systole(post)

4.75

-2.28

0.023

4.4

-3.249

0.001

Changes in diastole
Pair 2

diastole(pre) _diastole(post)

*Wilcoxon test for nonparametric data. The level of significance is < 0.05

4.12.3 Within-between groups effects
Table (4.20) shows the changes in both systolic and diastolic blood pressure
after 3 months of intervention. Systolic and diastolic blood pressure were significantly
decreased (4.75 mmHg, p=0.003 and 4.4mmHg , p=0.004 respectively) after 3 months
of intervention. Thus, the supplementation of magnesium decreased both systolic and
diastolic blood pressure significantly in intervention group when compared with the
control group by repeated test for treatment ( time x treatment interaction).
Figures 4.14 and 4.15 show the direction of increment and reduction in the systolic
and diastolic blood pressure after the intervention period in both groups.
Table 4.20: Differences in blood pressure in the control and intervention groups
Control (n=20)

Intervention (n=20)
P valuea

Variables
Preb

Post

Pre

Post

Systole (mmHg)

132.15(9.59)

135.55(6.31)

129.45(12.62)

124.7(7.17)**

0.003

Diastole(mmHg)

76.3(10.20)

78.7(5.63)

78.2(8.28)

73.8(6.76)**

0.004

a Repeated Measure ANOVA between control and intervention groups
b Mean(Standard Deviation)
The level of significant is <0.05
Asterisk=significantly different by Wilcoxon test between baseline and 3rd months in the same group,
**p<0.01.
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Figure 4.14: Changes in systolic blood pressure (mmHg)

Figure 4.15: Changes in diastolic blood pressure (mmHg)
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4.13 C-reactive protein characteristics for both group at baseline.
Table (4.21) presents CRP characteristics for all respondents. The mean of
CRP was 4.12 mg/L, one (2.5%) of the respondents had CRP less than 1mg/L, half of
them had CRP within 1.1-3 mg/L, and 19(47.5%) had CRP more than 3 mg/L that
showed mild, moderate and high risk for cardiovascular diseases respectively.
Table (4.21): C-reactive protein characteristics for both group at baseline.
Variables

n(%)

Mean (SD)
4.12 (3.5029)

C-reactive protein
Less than 1mg/L

1(2.5)

From1.1 to 3mg/L

20(50.0)

More than 3mg/L

19(47.5)

4.14 Changes in CRP
4.14.1 Changes between groups
Table (4.22) shows statistical significant differences in CRP level between
control and intervention group at baseline (p=0.015) and after the intervention
(p=0.002). The mean differences between control and intervention group increase
after Magnesium supplementation
Table 4.22: Comparison of C-reactive protein (mg/L) before and after intervention.
Variables

Control group
( n = 20)

Intervention group

Mean Diff

Z statistics

P value*

(n = 20 )

Median (IQR)

Median (IQR)

5.05 (5)

2.4 (1.58)

2.8

-2.395

0.015

7.5 (12.24)

2.8 (2.66)

11.197

-3.085

0.002

Pre
CRP
Post
CRP

* Mann-Whitney U Test for independent nonparametric data. The level of significant is <0.05
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4.14.2 Within-group effect
Table (4.23.1) shows

statistically significant difference in CRP level

(p=0.021) in the control group. The negative sign of Mean Diff indicates to significant
increase in CRP level after the intervention period, this increase in CRP suggests that
CRP for the respondents in control group is getting worse by the time.
Table 4.23.1: C-reactive protein changes within control group.
Mean Diff

Z statistics

P value*

-2.314

0.021

Changes in CRP
CRP (pre) – CRP (post)

-9.253

*Wilcoxon test for nonparametric data. The level of significance is <0.05

Table (4.23.2) shows no statistically significant difference in CRP level in the
intervention group after 3 months of Magnesium supplementation.

Table 4.23.2: C-reactive protein changes within intervention group.
Mean Diff

Z statistics

P value*

-0.946

0.344

Changes in CRP
CRP (pre) – CRP (post)

-0.856

*Wilcoxon test for nonparametric data. The level of significance is <0.05


4.14.3 Within-between groups effect
After 3 months of intervention, no significant changes were observed in CRP
level (table 4.24). Thus, the supplementation of Magnesium showed no significant
changes in CRP level in the intervention group when compared with the control group
by repeated test for treatment (time x treatment interaction).
Figure 4.16 shows the direction of increment and reduction in CRP level after the
intervention period in both groups.
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Table 4.24: Differences in C-reactive protein in the control and intervention groups
Control (n=20)

Intervention (n=20)
P valuea

Variables

CRP(mg/L)

Preb

Post

Pre

Post

5.52(4.43)

14.77(27.85)*

2.72(1.199)

3.58(2.95)

a Repeated Measure ANOVA between control and intervention groups
b Mean(Standard Deviation)
The level of significant is <0.05
Asterisk=significantly different by Wilcoxon test between baseline and 3rd months in the same group,
*p<0.05.

Figure 4.16: Changes in CRP (mg/L)
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0.193

4.15 Alanine aminotransferase characteristics for both groups at baseline.
Table (4.25) presents Alanine aminotransferase (ALT) characteristics for all
respondents at baseline. Majority of respondents 38 (95%) had ALT level within
normal range which is less than 32 U/L for female and less than 40 U/L for male.
Table 4.25: Alanine aminotransferase characteristics for both group at baseline.
Variables

n(%)

Mean (SD)
18.125 (9.036)

Alanine aminotransferase
Within normal range

38 (95)

More than 32 U/L in female

0 (00)

More than 40 U/L in male

2 (5)

4.16 Changes in ALT.
4.16.1 Changes between groups.
Table (4.26) shows no statistically significant difference in ALT level between
control and intervention groups before and after the intervention.
Table 4.26: Comparison of ALT (U/L) before and after intervention
Variables

Control group
( n = 20)

Intervention group

Mean Diff

Z statistics

P value*

(n = 20 )

Median (IQR)

Median (IQR)

15.5 (8.75)

17 (8.5)

0.45

-0.584

0.565

14 (9)

15.5 (6.75)

0.4

0.000

1.000

Pre
ALT
Post
ALT

* Mann-Whitney U Test for independent nonparametric data. The level of significant is <0.05
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4.16.2 Within-group effect.
Table (4.27.1) shows no statistical significant difference in ALT level within
control group after the intervention.
Table 4.27.1: Alanine aminotransferase changes within control group.
Mean Diff

Z statistics

P value*

-0.323

0.747

Changes in ALT
ALT (pre) – ALT (post)

1.95

*Wilcoxon test for nonparametric data. The level of significance is <0.05


Table (4.27.2) shows no statistically difference in ALT level within
intervention group after the intervention period.
Table 4.27.2: Alanine aminotransferase changes within intervention group.
Mean Diff

Z statistics

P value*

-1.267

0.205

Changes in ALT
ALT (pre) – ALT (post)

1.9

*Wilcoxon test for nonparametric data. The level of significance is <0.05


4.16.3 Within-between groups effect
Table (4.28) showed no significant changes in ALT level in both groups after
3 months of intervention. Thus, the supplementation of Magnesium showed no
significant improvement in ALT level in the intervention group when compared with
the control group by repeated test for treatment (time x treatment interaction).
Figures 4.17 shows the direction of increment and reduction in ALT level after the
intervention period in both groups.
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Table 4.28: Differences in ALT (U/L) level in the control and intervention groups
Control (n=20)

Intervention (n=20)
P valuea

Variables

ALT (U/L)

Preb

Post

Pre

Post

18.35(10.96)

16.4(9.21)

17.9(6.88)

16(7.33)

0.985

a Repeated Measure ANOVA between control and intervention groups
b Mean(Standard Deviation)
The level of significant is <0.05

Figure (4.17): Changes in ALT level(U/L)



67

CHAPTER 5
DISCUSSION
This study was conducted to determine whether Magnesium supplementation
for three months improves glycemic control, lipid profile, and blood pressure as
control parameters for patients with type 2 diabetes. This study utilized randomized
controlled clinical trial (RCT) design to achieve the objectives of the study. Forty
respondents were stratified according to sex, age, BMI, and FBS, then the subjects
were randomly divided into two groups using a simple random method. The first
group was the control group; that did not receive any supplements, where the second
group was the interventional group that supplemented with Magnesium tablets. All
subjects participated for 3 months and the same measures were collected at baseline
and after 3 months for each subject.
Some of clinical trials which investigated the relationship between Magnesium
intake and diabetes type 2 reported the benefits of Magnesium supplementation on
metabolic control in diabetic patients type 2, while others rejected that. Thus the
benefits of Magnesium administration to subjects with type 2 diabetes remains
controversial and needs to be adequately evaluated.
5.1 Socio-demographic and Socio-economic characteristics of the subjects.
Forty respondents were enrolled in the study from both gender (22 male and
18 female). Their ages range from 38 to 69 years. More than half of respondents were
suffering from deep or absolute poverty, where others were under relative poverty.
This is matched with data from many large epidemiologic studies on the association
between socioeconomic factors and chronic disease, which demonstrate that the
effects of economic disadvantage are cumulative, with the greatest risk of poor mental
and physical health seen among those who experienced sustained hardship over time
(Everson et al., 2002). Moreover, poverty is linked to obesity which is associated
with diabetes. Countries with greatest rate of poverty, have greatest diabetes rates too
(Levine, 2011).
In addition, majority of respondents (65%) have secondary educational level,
and 15% have low educational level (primary and preparatory education). Many
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studies reported association between education level and diet quality which affect
directly on nutritional health of individuals (Hiza et al., 2013).
5.2 Life style characteristics.
The majority of the respondents watch TV regularly, and the average time
spent watching TV daily is about 115.5 minutes, and majority use internet regularly
and the average time spent using internet daily is about 106.2 minutes. And more than
half of the respondents were physically inactive. This sedentary lifestyle is a major
risk factor for diabetes type 2. A meta analysis of published studies which
investigated the association between specific types of physical activity and the risk of
type 2 diabetes, provided a strong evidence for an inverse association between
physical activity and risk of type 2 diabetes (Aune et al., 2015). Physical inactivity
together with obesity, are estimated to cause a large proportion of the global diabetes
burden (Forouzanfar et al., 2015). So ADA recommended with physical activity as
one of the key components of diabetes management to improve overall health and
adjust individualized glycemic, blood pressure, and lipid profile (ADA, 2014).
It is important to indicate that (22.5 ) of the respondents were smokers, and
smoking increases the risk of type 2 diabetes, with the highest risk among heavy
smokers (Willi et al., 2007). Risk remains elevated for about 10 years after smoking
cessation, falling more quickly for lighter smokers (Luo et al., 2013)
5.3 Medical and nutritional characteristics.
The parents of 28 cases had suffered from type 2 diabetes, this is matched with
IDF reports about the family history of diabetes as one of the risk factors that have
been associated with type 2 diabetes (IDF, 2015). More than half of the respondents
follow diet regime, majority of them follow their diet regime by nutritionist. This fact
reflects the high knowledge of the subjects with the importance of a healthful diet in
management of diabetes. One of the recommendations of ADA in management of
diabetes type 2 is a healthful eating pattern to improve overall health and to modify
glycemic, blood pressure, and lipid profile (ADA, 2014). Diets rich in whole grains,
fruits, vegetables, legumes, and nuts; and lower in refined grains, red or processed
meats, and sugar-sweetened beverages have been shown to improve glycemic control
and blood lipids in patients with diabetes. With an emphasis on overall diet quality,
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several dietary patterns such as Mediterranean, low glycemic index, moderately low
carbohydrate, and vegetarian diets can be tailored to personal and cultural food
preferences and appropriate calorie needs for weight control and diabetes prevention
and management (Ley et al., 2014).
5.4 Anthropometric characteristics.
Regarding to anthropometric measurements, more than half of the respondents
are overweight, and the others are obese. This supports the reports which relate
overweight and obesity to impairment in glycemic control. Obesity was reported to
increase insulin resistance across all ethnic groups (Campbell & Carlson, 1993).
Large epidemiologic studies reported that when the body fat content increases
(measured by BMI), the risk of diabetes and presumably insulin resistance rises,
implying that the ―dose‖ of body fat has an effect on insulin sensitivity across a broad
range (Colditz et al., 1990). Overweight and obesity, together with physical
inactivity, are estimated to cause a large proportion of the global diabetes burden
(Forouzanfar et al., 2015). ADA recommends with weight control as important
strategy in management of diabetes that improve glycemic control, lipid profile and
blood pressure. Although obesity is classified by WHO as one of the principle causes
of preventable chronic diseases as type 2 diabetes, hypertension, cardiovascular
disease, stroke and other diseases, prevention strategies and management options are
limited. Ideally treatment of obesity comprehends an ongoing lifelong program
including lifestyle (diet, exercise) and behavioral modifications and if necessary drug
therapy (Kautzky-Willer & Lemmens-Gruber, 2013).
5.5 Calcium, Magnesium, and Ca/Mg ratio changes.
The obtained results showed significant reduction in serum calcium level and
Ca/Mg ratio (both p=0.001), and significant increasing in serum Magnesium level
(p=0.036) in intervention group when compared with the control group after 3 months
of Mg supplementation. The results reflect what had been reported in previous studies
about the role of Magnesium as a mild calcium antagonist (Bo & Pisu, 2008).
The similarities between calcium and Magnesium in chemical reactivity and charge
explain the antagonistic behavior of Magnesium to calcium (Jahnen-Dechent &
Ketteler, 2012). Magnesium and calcium antagonize each other in re-absorption,
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inflammation and many other physiological activities. The absorbed number of Ca or
Mg depends on the dietary ratio of Ca to Mg intake (Dai et al., 2013). That mean
when the intake of Mg increases (as in our study), the absorbed Ca decreases. These
findings were on line with previously reported findings which indicated that
Magnesium salts dissolve easily in water and are much more soluble than the
respective calcium salts. As a result, Magnesium is readily available to organisms
(Maguire & Cowan, 2002).
In contrast, Solati et al. clinical trial showed non-significant differences in
serum Magnesium or Ca/Mg ratio after administration of 300 mg of Magnesium
supplements for 3 months (Solati et al., 2014), while our study showed significant
increasing in serum Magnesium level and significant reduction in Ca/Mg ratio. Our
findings matched with RODRiguez-MORan and Guerrero-Romero clinical trial which
reported that administration of 50 ml MgCl2 solution for 16 weeks significantly
(p=0.02)

increase

serum

Magnesium

concentration

compared

to

placebo

(RODRiguez-MORan & Guerrero-Romero, 2003).
5.6 Glycemic control indicators changes.
After 3 months of intervention, significant reductions were observed in the
plasma level of HbA1c, insulin level, C-peptide, HOMA-IR and HOMA.B%
(p<0.001, p<0.001, p=0.001, p<0.001, p=0.036 respectively). Though the results of
the intervention group showed marked reduction in FBS (158.6 to 148.05), these
improvements in FBS were marginally insignificant when compared with the control
group by repeated test for treatment. However, the results showed significant
reduction in FBS (p=0.009) in pre-post comparison within the intervention group.
These results confirmed by Solati et al. in his clinical trial where they noted
that administration of 300 mg elemental Magnesium (as Magnesium sulfate -MgSo4-)
daily, for 3 months significantly (p<0.001) lowered FBS compared to placebo and
also lowered 2 hr PP blood glucose significantly (p<0.01) (Solati et al., 2014). Also
the results matched with Guerrero-Romero clinical trial that showed significant
reduction in HOMA-IR, FBS, HbA1c (p=0.005, p<0.01, p=0.04) respectively, when
the subjects with type 2 diabetes received 50 ml MgCl2 for 16 weeks (GuerreroRomero et al., 2004).
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The improvement in glycemic control indicators after Magnesium
supplementation supported by Dominguez et al. who reported that higher Magnesium
level lead to a greater degree of sensitivity to insulin (Dominguez et al., 1998). This
improvement can be explained by the role of Magnesium in modifying insulin
sensitivity through influencing receptor activity after binding or through influencing
intracellular signaling and processing (Takaya et al., 2004). Magnesium enhances
tyrosine kinase activation since it is required by the adenosine triphosphate ATPsynthesizing protein in mitochondria. ATP exists primarily as a complex with
Magnesium (MgATP). MgATP is required in cell signaling for the phosphorylation of
proteins as tyrosine kinase and formation of second messengers as c-AMP (Shils &
Shike, 2006). Our findings supported the earlier reports that a poor intracellular
Magnesium concentration, as found in diabetes mellitus type 2, may result in a
defective tyrosine-kinase activity at the insulin receptor level which is responsible for
the impairment in insulin action and a worsening of insulin resistance in non-insulindependent diabetic and by contrast, in T2D patients daily Magnesium administration,
restoring a more appropriate intracellular Magnesium concentration, contributes to
improve insulin-mediated glucose uptake (Paolisso & Barbagallo, 1997). It is
important to know that, a suppressed level of intracellular Magnesium (Mgi) and
serum ionized Magnesium (MgI) can be found in many subjects with total serum
Magnesium (MgT) still in the normal range, due to the lack of sensitivity of serum
total MgT.
Other researchers pointed out that these improvement in the glycemic
indicators may result from translocation of glucose transporter number 4 (GLUT 4) to
the cell membrane, to take place (Solati et al., 2014).
The improvement in glycemic control indicators matches with previous
studies in which daily oral Magnesium supplementation substantially improved
insulin sensitivity by 10 percent and reduced blood sugar by 37 percent (RODRiguezMORan & Guerrero-Romero, 2003; Guerrero-Romero et al., 2004). Also the
results were in agreement with Chacko et al. who examined the effects of oral
Magnesium supplementation (500 mg elemental Mg/d for four weeks) on metabolic
biomarkers in overweight individuals, and reported that Magnesium treatment
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significantly decreased fasting C-peptide concentrations (p=0.004) and appeared to
decrease fasting insulin concentrations (p=0.25) (Chacko et al., 2011).
Moreover, the results coming in according with Mooren et al. clinical trial in which
they reported significant improvement in FBS and some insulin sensitivity indices
(ISIs) compared to placebo after 6 months of Magnesium supplementation (Mooren
et al., 2011), while Yokota and co-workers in their clinical trial reported significant
reduction in insulin level and HOMA-IR (both p<0.05), but not FBG or HbA1c after
Magnesium supplementation (Yokota et al., 2004). The difference in the results of
previous clinical trials which investigated the effectiveness of Magnesium
supplements on glycemic control indicators can be explained by the differences in Mg
dosage and duration of supplementation.
5.7 Lipid profile changes
The results showed significant decrease in triglyceride level (p=0.009) and
decrease total cholesterol level insignificantly (p=0.081) upon comparison of lipid
profile before and after intervention between groups. Although there were no
statistically significant differences between control and intervention group in
cholesterol, HDL, and LDL; the mean difference within group especially control
group, showed increase in total cholesterol and LDL from 170.4 mg/dl to 179.15
mg/dl and from 79.96 mg/dl to 94.96 mg/dl respectively, where in intervention group
there was decreasing in cholesterol and LDL levels from 162.6 to 157.45mg/dl and
from 76.23 to 72.89 mg/dl respectively. These results matched with previous clinical
trial that showed significant reductions in triglyceride levels and total cholesterol in
addition to reduction in LDL-level along with a parallel increase in HDL-cholesterol
levels after supplementation with 600 mg of pidolate Mg2+ daily for 12-week period
(Hadjistavri et al., 2010).
While some clinical trials applied onto diabetic patients demonstrated that
Magnesium supplementation decreased total cholesterol and increased HDL-c (Lal et
al., 2003; Guerrero-Romero & Rodríguez-Morán, 2009), our study results showed
non-significant increase in cholesterol level and non-significant reduction in HDL
level in blood, the mean of HDL level was 54.6 mg/dl before and after intervention.
The sample size, dose and intervention period may result in these insignificant
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changes. Other studies stated that cholesterol level and HDL level remained
unaffected after Magnesium supplementation (Solati et al., 2014).
The improvement in triglyceride level after the intervention and keeping
cholesterol, HDL and LDL in controlled levels in the supplemented group can be
explained by the role of Magnesium in the activity of lipoprotein lipase enzyme as
described by Rayssiguier, who reported that Mg deficiency enhances catecholamine
secretion which results in increased lipolysis. Enhancement of lipolysis and
subsequent elevation of plasma free fatty acids may lead to an increase in VLDL and
TG synthesis and secretion and elevated plasma TG concentration (Rayssiguier &
Gueux, 1986). Other researchers suggested that improvement in the serum lipids after
Magnesium supplementation may result from the activation of lecithin cholesterol
acyletransferase (LCAT) in human subjects (Itoh et al., 1997). LCAT is a soluble

enzyme that converts cholesterol and phosphatidylcholines (lecithins) to cholesteryl
esters and lyso-phosphatidylcholines on the surface of high-density lipoproteins
(Jonas, 2000). Other possible mechanism might be related to the modifying in the
action of insulin that inhibits lipolysis, since insulin inhibits lipase enzyme, this
enzyme causes hydrolysis of the triglycerides already stored in the fat cells.
Therefore, the release of fatty acids from the adipose tissue into the circulating blood
is inhibited (Hall, 2015).

5.8 Blood pressure changes.
One of the important complication of diabetes is elevation in blood pressure.
Diabetic patients who were found to have systolic blood pressure more than 130
mmHg or diastolic blood pressure more than 80 mmHg at separate measurements
must be classified as hypertension patients (ADA, 2010). In this study 22 and 17 out
of 40 participants have high blood pressure in systole and diastole respectively.
Magnesium supplementation showed significant lowering effect on systolic and
diastolic blood pressure by repeated test for treatment (p=0.003, p=0.004)
respectively. These effects result from several different mechanisms including
influences of Magnesium on the internal balance of potassium, sodium and calcium
(Dyckner & Wester, 1983). In addition to direct effect of Magnesium; Magnesium
acts as a mild calcium antagonist on vascular smooth muscle tone, so it decreases
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vasoconstriction and as a result decreases blood pressure (Bo & Pisu, 2008). Also, it
stimulates production of vasodilator prostacyclins and nitric oxide and it alters
vascular responses to vasoactive agonists (Sontia & Touyz, 2007). Moreover, studies
in isolated vessel indicate that Magnesium can reduce the pressure response to
angiotensin II and norepinephrine (Altura & Altura, 1984). The same authors
reported later that [Mg2+]o is an important co-factor for acetylcholine-induced
endothelium-dependent relaxation in canine coronary arteries (Altura & Altura,
1987).
The results were in agreement with Solati et al. in his clinical trial that
reported significant reduction in systolic blood pressure (p<0.001) and diastolic blood
pressure (p<0.05) as a result of administration of 300 mg elemental Magnesium (as
Magnesium sulfate -MgSo4-) daily, for 3 months (Solati et al., 2014). Also the results
confirmed by Guerrero-Romero and Rodríguez-Morán who noted that administration
of 2.5 g MgCl2 (equivalent to 450 mg elemental Magnesium ) over 4 months reduced
significantly systolic blood pressure (p=0.03) and diastolic blood pressure (p=0.02)
(Guerrero-Romero & Rodríguez-Morán, 2009).

5.9 C-reactive protein changes.
In addition to abnormalities in insulin secretion and action or both in type 2
diabetes that lead to hyperglycemia, along with disturbances of carbohydrate, fat and
protein metabolism (WHO, 2014); diabetes type 2 is associated with low grade
inflammation. Many studies suggested that inflammation play a role in pathogenesis
of diabetes. Functioning of the immune system is seen to be altered in T2D, elements
of the innate immune system, such as acute phase reactants which include sialic acid,
α1 glycoprotein and C-reactive protein, contribute to the development of type 2
diabetes mellitus. CRP is synthesized by the liver in response to inflammatory
cytokines such as interleukin-6 and tumor necrosis factor-α (TNF-α). Inflammatory
cytokines have been seen to mediate insulin resistance in liver, skeletal muscles and
adipose tissues, which finally lead to type 2 DM. So, elevated CRP levels have been
linked to an increased risk of later development of diabetes. And may thus predict risk
of developing type 2 diabetes mellitus, as well as being markers of diabetes microvascular and macro-vascular complications (Pickup et al., 1997; Crook, 2004).
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This hypotheses which originated by Pickup and Crook supported by crosssectional data that suggest that interleukin 6 (IL-6) and C-reactive protein (CRP), two
sensitive physiological markers of subclinical systemic inflammation, are associated
with hyperglycemia, insulin resistance, and overt type 2 DM (Ford, 1999; Festa et
al., 2000; Fröhlich et al., 2000). So many prospective studies later detected CRP
level to predict the development of type 2 DM and reported that CRP was a powerful
independent predictor of type 2 diabetes in apparently healthy people after adjustment
for obesity, clinical risk factors, and fasting insulin levels (Pradhan et al., 2001; Hu
et al., 2004). Yadav et al. study showed a positive correlation between the serum CRP
activity and HbA1c level with a correlation coefficient of r = 0.24 (Yadav et al.,
2014).
Moreover many studies examined the relation of Magnesium intake to CRP level and
reported that Magnesium intake was inversely associated with plasma (CRP)
concentrations. High Magnesium intake was associated with lower concentrations of
CRP (King et al., 2005; Chacko et al., 2010; Song et al., 2005).
Regarding the high sensitivity CRP test, the results showed statistically
significant differences in CRP level between control and intervention group at
baseline (p=0.015) and after the intervention (p=0.002). And within group especially
control group, there was statistically significant increasing in CRP level (p=0.021)
after intervention period; the mean of CRP in control group increased from 5.52 mg/L
to 14.773 mg/L. This indicates that CRP in control respondents is getting worse by the
time. Where the results showed non-significant increase in CRP level in the
intervention group after 3 months of Magnesium supplementation.
These results can be explained by the relationship of CRP with the glycemic status of
an individual and the relation of Magnesium intake to CRP level. Higher Magnesium
intake and improvement of glycemic status of intervention group respondents lead to
non significant increase in CRP.
5.10 Alanine aminotransferase changes
The results showed no statistical significant difference in ALT level between
control and intervention groups after Magnesium supplementation, while Solati, et al.
clinical trial showed that ALT levels significantly increases in the placebo group
during the study and no significant increase in ALT levels in the Mg group (Solati et
76

al., 2014). That might be explained by the fact that magnesium has no effect of
Magnesium intake on liver function, and the elevation of ALT in Solati, et al study
might be a result of increase in metformin dosage in his placebo group.
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CHAPTER 6
CONCLUSION AND RECOMMENDATION
6.1 Conclusion
In this study, the effectiveness of Magnesium supplementation on glycemic
control, lipid profile and blood pressure as control parameters of diabetic patients
type2 was determined using randomized controlled clinical trial.
Forty patients were selected from the diabetic clinic at UHWC according to eligibility
criteria and enrolled the study. Stratification of the participants based on sex, age,
BMI and FBS was applied then the subjects were randomly allocated into two groups.
The first group which included 20 participants received 250 mg of elemental
Magnesium for 3 months, while the second group which included 20 participants did
not receive any supplements.
Analysis of the study data showed that oral Magnesium supplements cause
significant reduction in (HbA1C, IL, C-peptide, HOMA.IR and HOMA.B%) and
decrease FBS insignificantly, revealed that the use of Magnesium supplements reduce
insulin resistance and provides good glycemic control, also Magnesium supplements
improve lipid profile, decrease significantly systolic and diastolic blood pressure,
slow the deterioration of inflammation process associated with diabetes disease and
has no effect on hepatic enzymes.
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6.2 Recommendations
This study has investigated one of the controversial points in the strategies of
prevention and management of diabetes, and supported by clinical evidence the
beneficial effects of Magnesium supplementation on glycemic control, lipid profile
and blood pressure.
Therefore, the researcher recommends the following:
1. For policy makers
Expert clinical nutritionists and dieticians are crucial members in the diabetic
clinics for more appropriate management of the disease, where the
modification in eating pattern, life style and maintaining normal body weight
in addition to pharmacotherapy are key components of diabetes management.
2. For endocrinologist
Turning more and more to dietary supplements to achieve the nutritional
support in diabetes where diabetes is a nutritional wasting disease.
In particular, this study suggests use of Magnesium supplements as adjuvant
therapy for diabetic patients type 2 as Magnesium supplementation improve
glycemic control, lipid profile and blood pressure in order to manage, delay or
avoid chronic complication of diabetes type 2.
3. For diabetic patients
Diabetes type 2 patients should increase their intake of Magnesium–rich food
such as dark leafy greens, nuts, seeds, fish, beans, whole grains, avocados,
yogurt and bananas. They also should regularly check Magnesium serum
level.
4. For future studies
Increase sample size and increase the intervention period are recommended.
Moreover, the integration of nutritional supplementation along with nutritional
education can be of great benefit.
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Appendix A2- consent form

نموذج إقرار موافقة للمشاركة في دراسة بحثية سريرية
جامعة األزهر بغزة
تأثير مكمالت الماغنيسيوم على مستوى السكر والعوامل االيضية
لمرضى السكر يٍ انُىع انثاٍَ
٘زٖ دعٛح ٌه ٌٍّشبسوخ ف٘ ٟزٖ اٌذساعخ اٌجحث١خ اٌغش٠ش٠خ اٌز ٟردشٙ٠ب اٌجبحثخ ٚفبء عجذهللا اٌذ٠شاٞٚ
ٔزِّٕ ٝشاخعخ ٘زا إٌّٛرج ِٕٚبلشخ أ ٞأعئٍخ رش٠ذ٘ب ِع اخز اٌٛلذ اٌىبفٌ ٟه .ح١ث ّ٠ىٕه ِشاخعخ ؽج١جه
اٌّخزض  ,عبئٍزه ٚأطذلبئه الرخبر اٌمشاس ثبٌّشبسوخ ا ٚعذَ اٌّشبسوخ ف٘ ٟزا اٌجحث .
اٌشخبء ؽشذ األعئٍخ عٓ وً ِبلذ ٠جذِ ٚجٌ ُٙه ٠ٚحزبج إٌ ٝرفغ١ش أوثش.
اٌٙذف ِٓ اٌذساعخ ٘ ٛاخزجبس ِذ ٜفبعٍ١خ ِىّالد اٌّبغٕ١غ َٛ١ف ٟرحغ ٓ١حغبع١خ األٔغِ , ٓ١ٌٛغز ٜٛاٌذْ٘ٛ
ف ٟاٌذَ  ٚ,رحغ ٓ١ػغؾ اٌذَ ٌّشػ ٝاٌغىش ِٓ إٌٛع اٌثبٔ. ٟ
ف٘ ٟزٖ اٌذساعخ عٛف ٠زُ اخز١بسن عشٛائ١ب ف ٟأحذِ ٜدّٛعبد اٌذساعخ اٌز ٟع١زُ ششحٙب ف ٟاألعفً .ح١ث أْ
وٍّخ عشٛائ١ب رعٕ ٟأٔٗ ٌذ٠ه ٔفظ اٌفشطخ ف ٟأْ رى ْٛف ٟأحذ رٍه اٌّدّٛعزِ ,ٓ١ثً أْ ٔشِ ٟلطعخ ٔمٛد.
انًجًىعح االونً ٟ٘ /اٌّدّٛعخ اٌؼبثطخ٘ ,زٖ اٌّدّٛعخ ٌٓ رزٕبٚي أ ٞعالج ِٓ اٌّبغٕ١غٚ َٛ١عٛف رغزّش
عٍٔ ٝفظ اٌطعبَ ٔٚفظ ّٔؾ اٌح١بح ٌّذح  3شٛٙس
انًجًىعح انثاَُحِ ٟ٘ /دّٛعخ اٌزدشثخ ٘ ,زٖ اٌّدّٛعخ عٛف رعطِ ٝىّالد اٌّبغٕ١غ َٛ١ثّعذي حجخ ٚاحذح
(١ٍِ 250دشاَ) ١ِٛ٠ب ثعذ اٌغزاء ٌّذح  3شٛٙس.
اٌّشبسوخ ف٘ ٟزٖ اٌذساعخ عٛف رغزّش  3شٛٙس فمؾ الغ١ش.
رشًّ اٌّشبسوخ ف ٟاٌجحث اإلخشاءاد اٌزبٌ١خ:
-1

-2
-3
-4
-5
-6
-7

ف ٟاٌجذا٠خ عٕأخز ل١بعبد اٌدغُ ( اٌطٛي  ,اٌٛصْ ) ٚل١بط ػغؾ اٌذَٚ ,عٛف ٔم َٛثغحت عٕ١بد دَ
ٌفحض ( ِغز ٜٛاألٔغ ,ٓ١ٌٛعىش اٌذَ طبئُِ ,خض ْٚاٌغىش  ,فحٛطبد اٌذ٘ٚ , ْٛظبئف اٌىجذ ,
رشو١ض اٌىبٌغ , َٛ١رشو١ض اٌّبغٕ١غ َٛ١ف ٟاٌذَ)
٘زٖ اٌم١بعبد رشًّ خّ١ع اٌّشبسو ٓ١ف ٟوال اٌّدّٛعز.ٓ١
عٛف ٔضٚد ِدّٛعخ اٌزدشثخ ثّىّالد اٌّبغٕ١غٍِ 250 َٛ١دُ ٌّذح  3شٛٙس فمؾ .
ثعذ  3شٛٙس ٚأزٙبء ِدّٛعخ اٌزدشثخ ِٓ رٕبٚي ِىّالد اٌّبغٕ١غ َٛ١ع١زُ إعبدح اٌفحٛطبد ف ٟفمشح
ِ 1شح أخشٌ ٜىال اٌّدّٛعز. ٓ١
اٌّدّٛعخ اٌؼبثطخ ٌٓ رضٚد ثبٛٔ ٞع ِٓ اٌّىّالد اٌغزائ١خ ٚاٌّدّٛعز ٓ١عّ١بسعّٔ ْٛؾ ح١برُٙ
اٌطج١ع١خ .
وً اٌج١بٔبد ع١زُ إدخبٌٙب ٌجشاِح اٌزحٍ ً١اإلحظبئٚ ,ٟع١زُ ِٕبلشخ ٔ ٚشش إٌزبئح.
عٛف ٠زُ إثالغ اٌّشزشو ٓ١ثٕزبئد ُٙأٚال ثأٚي.
اٌّشبسوخ ف٘ ٟزا اٌجحث ِ٘ ٟشبسوخ رطٛع١خ.
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انًخاطش انرٍ ذظحة انذساصح.
ال رٛخذ ِخبؽش عٍ ٝطحخ اٌّشزشو ٓ١ف ٟاالٔؼّبَ ٌٙزا اٌجحث.
انفىائذ انًحرًهح.
.1
.2
.3
.4

رحغ ٓ١حغبع١خ األٔغ٘ٚ ٓ١ٌٛزا ع١ؤد ٞإٌ ٝص٠بدح ػجؾ ِعذي اٌغىش ف ٟاٌذَ ٌذ ٜاٌّشػ ٝاٌّشبسو.ٓ١
إٔمبص ِغز ٜٛاٌذ٘ ْٛف ٟاٌذَ ٌٍّغز ٜٛاٌّشغٛة٘ٚ ,زا ع١ؤد ٞاٌ ٝرمٍ ً١فشص اإلطبثخ ثأِشاع
اٌمٍت ٌذ ٜاٌّشزشو ٓ١ف٘ ٟزا اٌجحث.
رحغ ٓ١ػغؾ اٌذَ.
ِبعجك لذ ٠ؤد ٞاٌ ٝرخف١غ خشعبد األد٠ٚخ اٌز٠ ٟزٕبٌٙٚب اٌّشزشو ٓ١عٛاء أد٠ٚخ اٌغىش ا ٚأد٠ٚخ
اٌؼغؾ ِّب ع١مًٍ األعشاع اٌدبٔج١خ ٌألد٠ٚخ .

يظشوفاخ انذساصح
خّ١ع ِظشٚفبد اٌذساعخ ِٓ ل١بعبد ٚرحٍ ً١عٕ١بد اٌذَ ِٚمبسٔزٙب ٚاخز ل١بعبد اٌدغُ ٚل١بعبد ػغؾ اٌذَ
ِٚىّالد اٌّبغٕ١غٚ َٛ١وً اخشاءاد اٌذساعخ عزى ْٛثشىً ِدبٌٍّٔ ٟشزشو ٓ١ف ٟاٌذساعخ
حًاَح صشَح انثُاَاخ
ع١زُ اٌزعبًِ ِع خّ١ع اٌج١بٔبد اٌشخظ١خ ٚاٌغدالد اٌطج١خ اٌز ٟرحز ٞٛعٍ٠ٛ٘ ٝزه عٍ ٝأٔٙب عش٠خ ٚفمب ٌمبْٔٛ
خبِعخ األص٘ش ٚاٌّ١ثبق األخالل ٟاٌخبص ثزٌه.
عٛف أل َٛثبعزجذاي اعّه اٌشخظ ٟثشلُ أ ٚوٛد ِٓ خّ١ع اٌغدالد اٌطج١خ اٌز ٟعزطٍت ِٕب ٌغشع ِشاخعخ
إخشاءاد اٌجحث ِٓ لجً اٌدبِعخ أ ٚاٌّششف ,ٓ١ح١ث ع١زُ حزف أ ٞسلُ ٘برف أ ٚأِ ٞعٍِٛخ خبطخ ثه ِٕٙب.
ع١زُ االحزفبظ ثىبفخ اٌغدالد اٌطج١خ اٌز ٟرحز ٞٛعٍ ٝاعّه ِٚعٍِٛبد شخظ١خ عٕه فِ ٟىبْ آِ ,ح١ث أْ
اٌجبحث ٘ ٛفمؾ ِٓ ع١م َٛثبالؽالع عٍ٘ ٝزٖ اٌج١بٔبد ٌغشع اٌذساعخ فمؾ .ح١ث ع١زُ إخطبس ؽج١ت األعشح أٚ
ؽج١جه اٌّخزض ثّشبسوزه ف٘ ٟزا اٌجحث.
َىع انًشاسكح
ِشبسوزه ف٘ ٟزا اٌجحث ِ٘ ٟشبسوخ رطٛع١خ ,ح١ث ثئِىبٔه عذَ اٌّشبسوخ أ ٚاالٔغحبة ف ٟأٚ ٞلذ رش٠ذٖ أثٕبء
اٌّشبسوخ ٌٓ ٚ ,رزحًّ أٔ ٞزبئح أ ٚعمٛثبد أ ٚغشاِخ ِبٌ١خ أ ٚأٛٔ ٞع ِٓ أٔٛاع اٌعمٛثبد ثغجت االٔغحبة ِٓ
اٌجحث.
ذكانُف انعُاَح انطثُح انُاجًح عٍ انًخاطش انًشذثطح انذساصح.
ف ٟحبي ٚاخٙزه أ ٞأِشاع أِ ٚشبوً طح١خ ثغجت اٌذساعخ ,عٛف أل َٛثّعبٌدزه ِجبششح د ْٚأْ رذفع أٞ
ِظبس٠ف خبطخ ثبٌعالج.
أسئلة حول الدراسة.
لدٌكالحقالكاملفًطرحأيسؤالٌخطرببالكحولحقوقكأوأيمعلوماتتردٌهاأوترٌدأنتستفسرعنهاخاللأو
قبلأوبعدالدراسة,وذلكبالتواصلمعالباحثةوفاءعبدهللاالدٌراويباالتصالعلىالرقم1597121556اومنخالل
االٌمٌلwafa-ah2010@hotmail.com
ولالستفسارحولحقوقككمشتركفًبحثسرٌريٌمكنكمراسلةمجلسجامعةاألزهرللدراساتالعلٌاعلىالبرٌد
االلكترونًالتالً:jaug@alazhar.edu.ps .
ال توقع على الموافقة فً هذا البحث فً حال عدم أخذ الفرصة الكافٌة فً الرد على استفساراتك أو أنك غٌر مقتنع
باألجوبةالمقدمةمنالباحث .
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معلومات االتصال.
إذاكانلدٌكأيأسئلةأواستفساراتحولهذهالدراسةأوإذاحدثتأيمشاكل,ٌرجىاالتصالمباشرةمعالباحثةوفاء
عبدهللاالدٌراويعلىرقمالهاتف1597121556أوعلىالبرٌدااللكترونً wafa-ah2010@hotmail.com
بيان الموافقة 
لقدقرأتنموذجالموافقةللمشاركةفًهذاالبحث .وقدأتٌحتلًالفرصةالكاملةلمناقشةهذهالدراسةالبحثٌةمعالباحثة
وفاء عبدهللا الدٌراوي .ولقد أجابت عن جمٌع أسئلتً باللغة التً أفهم حٌث تمشرح جمٌع المخاطروالمنافع الخاصة
بالدراسة.أؤكدأنهلمٌتمالتأثٌرعلًللمشاركةفًهذاالبحثمنقبلالباحثةأوأيشخصآخربأيشكلمناألشكال .
أناأفهمأننًسوفأعطىنسخةمنهذااإلقرارعلىنموذجالموافقةبعدالتوقٌععلٌه,وأناأفهمأنمشاركتًفًهذا
البحثهًمشاركةطوعٌةوتطوعٌة,وأنهلديالحقالكاملفًاالشتراكأورفضاالشتراكأواالنسحابمنالدراسة
فًأيوقتأرٌد .
إننًأعلمأنجمٌعالمعلوماتالمتعلقةبهوٌتًالشخصٌةستبقىسرٌةولكنلٌستبشكلمطلق,كماأننًأفوضجامعة
األزهروالمشرفٌنعلى الباحثةوفاءعبدهللاالدٌراويبأنٌقوموابالتفتٌشعلىجمٌعالسجالتالطبٌةالخاصةبًوذلك
لغرضالمراقبةوالدراسةفقط .
منخاللتوقٌعًعلىهذانموذجإقرارالموافقةعلىالمشاركةفًهذاالبحثأنالنأتنازلعنأيمنحقوقًالقانونٌة
كمشاركفًدراسةبحثٌةسرٌرٌه .

موافق على االشتراك في هذا البحث :

نعم 

ال



إقرار الموافقة.
لقد قرأت هذا النموذج وأعطٌت الفرصة لطرح األسئلة واإلجابة عنها بشكل واضح وبلغة مفهومة جدا .لذلك  أعطً
موافقتًعلىالمشاركةفًهذهالدراسة .
االسمرباعً.............................................................................: .
التوقٌع.....................................................:تارٌخالتوقٌع................................................: .
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Appendix B
Questionnaire
Group type…………..
File no……………….
انًعهىياخ االجرًاعُح انذًَغشافُح.
اإلجاتح

و

انًرغُش

1

االصى

2

انجُش

3

ذاسَخ انًُالد

4

انعًش تانضُح

5

انعُىاٌ

6

سقى انهاذف او انجىال

7

انحانح االجرًاعُح

يرزوج

8

يكاٌ انضكٍ

انًذَُح

9

َىع انضكٍ

يهك

أَثً

ركش

انشًال

انىصطً

غزج

يطهق

خاٌ َىَش

أعزب

سفح

أسيم أو أسيهح
انقشي

انًعضكش
اَجاس

10

انًضرىي انرعهًٍُ

اترذائٍ

اعذادٌ

ثاَىٌ

ذىجُهٍ

دتهىو

جايعٍ

11

انًضرىي انرعهًٍُ نهششَك

اترذائٍ

اعذادٌ

ثاَىٌ

ذىجُهٍ

دتهىو

جايعٍ

12

هم َعًم يعُم األصشج

13

َىع انعًم

14

عذد األتُاء

15

عذد أفشاد االصشج االجًانٍ

16

عذد انعًهٍُ فٍ االصشج

17

انذخم انشهشٌ نألصشج تانشُكم

18

هم ذرهقً األصشج يضاعذاخ

ال َعًم

َعًم
وكانح غىز

حكىيٍ

َعى

يجرًع يذٍَ

ال
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خاص

انًعهىياخ انطثُح انرغزوَح:
اإلجاتح

و

انًرغُش

2

هم انىانذٍَ اقاسب

َعى

3

هم كاٌ احذ انىانذٍَ او كالهًا
يظاتا تًشع انضكشٌ

األب فقظ

4

هم ذرعاطً عالج نهضكشٌ

َعى

ال
األو فقظ

ال أحذ

كالهًا
ال

يا هى َىع انعالج
5

هم ذرثع حًُح غزائُح خاطح

ال

َعى

تًشع انضكشٌ
يظذس انحًُح انغزائُح

طثُثٍ انًخرض

6

انطعاو انًعراد

جاهز

7

يذج اإلطاتح تًشع انضكشٌ

أخظائٍ ذغزَح

خثُش أعشاب
طثخ يُزنٍ

8

هم أَد حايم

َعى

ال

9

انرذخٍُ

َعى

ال

10

هم ذًاسس انشَاضح

َعى

ال

يذج يًاسصح انشَاضح فٍ انُىو
انىاحذ
11

هم ذرُاول إحذي األدوَح انرانُح

عالجاخ انضغظ
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عالجاخ انذهىٌ

أخشي

اخشٍَ

Appendix C
Measurements report
File no…………………..
ID
baseline

Anthropometric

Weight
Height
BMI

Blood pressure

Systolic Bp
Diastolic Bp
FBG

Metabolic control
tests

IL
HOMA-IR
C-peptide
HbA1c
HOMA B%
TG

Lipid profile tests

LDL
HDL
Total cholestrol
Serum Ca
Serum Mg
Ca/Mg ratio

Hepatic enzymes

ALT
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The end

111

