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English Abstract

Background: cardiovascular diseases is the most important cause of
morbidity and mortality among patients with type2 diabetes mellitus and
the TG:HDLc ratio recently used as predict subject at increased risk of
developing metabolic and cardiovascular complications and HDLc level
are inversely related to plasma TGs level and there is a dynamic
interaction between high density lipoprotein and triglycerides rich
lipoprotein in vivo.

Method: The study includes 52 diagnosed diabetic patients (14 male and
38 female) and 52 apparently healthy individuals (control) (14 male and
38 female) and Age was matched (32_70) years all samples were
collected from Ombada Hospital and El-emtiaz medical center, from 12
November to 1 September. Statistical procedure was followed using
statistic package for social science (SPSS) version 16 on programmed
computer.

Result: The result showed a significant increase in TG: HDLc ratio
among type?2 diabetic patients in comparison with control group (9.2+6.9,
1.69£0.47mg/dl), for mean and standard deviation for case and control
respectively with P-value 0.016, significant increase in TGs between
type2 diabetic patients in comparison with non-diabetic group(169+116,
88+17.5mg/dl), for mean and standard deviation for case and control
reactively with P-value 0.056, significant decrease in HDLc among type2
diabetic patients in  comparison with control group(34+14, 50+9.5
mg/dl), for mean and standard deviation for case and control respectively
with P-value 0.000, significant increase in percentage of CRP among
type2 diabetic patients in comparison with control group (33%, 0.0%),
with P-value 0.02 for case and control respectively and insignificant
difference in BMI between type2 diabetic patients and control group



(22+4.8, 21+3.8kg/cm?) for case and control respectively with P-
value0.677.

Also no correlation between ratio and age, BMI, duration, among type2
diabetic patients with P-value (p =0.325), (p =0.800), (p =0.130)
respectively, No correlation between HbA1C and Age, BMI, duration,
among type2 diabetic patients with P-value (p= .977), (p= .208), (p =
0.604) respectively. Also no correlation between CRP and age, BMI,
duration, with P-value (p = 0.613), (p =0.306),( p =0.588) respectively,
no correlation between HDLc and Age, BMI, Duration with P-value(p
=0.607), ( p =0.825), ( p =0.230) respectively, and no correlation between
TG and Age, BMI, Duration with r and P-value (p =0.244), (p =0.561), (p
=0.215) respectively in conclusion type2diabetes mellitus had increase
HbAlc, TGs, CRP, TG:HDLc ratio and deteriorated HDLc compare with
non-diabetic group.

Conclusion: In conclusion type 2 diabetic patients had increased
triglycerides and triglyceride / high density lipoprotein cholesterol ratio,
decreased high density lipoprotein cholesterol and more positively CRP
results compared with control group and no difference observed in BMI
among type2 diabetic patients compared with control group .No
correlation between TG, HDLc, TG: HDLc, HbAlc and CRP with age,
BMI, Duration among type 2 diabetic patients.
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Introduction, Rationale, objectives

1.1 Introduction

Diabetes is an increasingly important problem, worldwide estimated to
be 9.3% in 2019, prevalence higher in urban 10.8% than rural 7.2% and
in high income 10.4% than low income countries 4.0% one in two (
50.1)% people living with diabetes do not know that they have diabetes
(Yuen et al.,2019).

Seven countries in eastern mediterranean region have seven high
prevalence of DM and seven have medium prevalence 9-12% of DM, the
Sudan is one of the medium prevalence. Type 2 DM is the major type of
DM accounting for approximately 90% of all cases, the estimate
prevalence of DM in Africa in 2017 was 3.3% and the Sudan was among
the country that had a prevalence of DM of more than 12%(Omar et
al.,2019).

With increase in prevalence of type2 DM, arise in incidence of
secondary co morbidity including hypertension, nephropathy and
retinopathy (Hamiel and Zeitler, 2007).

The importance of protecting the body from hyperglycemia cannot be
overstating the direct and indirect worldwide effect on the human
vascular tree (are the major source of morbidity and mortality in both
type 1 and type 2 DM) (Fawler, 2008).

1.2 Rationale

Cardiovascular disease is the most important cause of morbidity and
mortality among patients with type2 DM.Many recent studies
demonstrates that there is strong relationship between abnormal
TG:HDLc ratio and positively CRP result with atherosclerosis, and
therefore we will try to demonstrate this correlation among Sudanese

diabetic patients due to lack of researches that clarify this relationship,
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and to give an entrance for other researches that joining TG:HDLc ratio
with high sensitive CRP and other factors among Sudanese diabetic

patients.



1.3 Objective

1.3.1 General objective

To assess triglycerides: HDLc ratio and CRP in type2 DM as a marker

for atherogenic index.

1.3.2 Specific objective

1. To measure and triglycerides, HDLc, CRP among type2diabetic

patients and control group.

N

To measure HbAlc to classify diabetic patients according to their
glycemic control.
3. To calculate triglycerides: HDLc ratio among the two study groups.
4. To correlate triglycerides: HDLc ratio with CRP as indicator for the
atherogenic process.
5. To correlate triglycerides, TG: HDLc , HDLc ,CRP with Age,
Duration and BMI among the diabetic group.
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Literature Review

2.1 Diabetes mellitus

Clinical diabetes mellitus is a syndrome of disordered metabolism with
inappropriate hyperglycemia due either to an absolute deficiency of
insulin secretion or a reduction in the biologic effectiveness of insulin or
both (Gardner and Shoback, 2007).

2.1.1 Type 1 Diabetes mellitus

Type 1 diabetes is a chronic auto immune disease characterize by insulin
deficiency and resultant hyperglycemia (Dimeglio et al., 2018). Most
common chronic chilhood illnesses, affecting 18  to20 per 100000
children ayear in United kingdom(Devendra et al.,2004).The causes of
type ldiabetes is unknown (WHO, 2013) however it is believed to
involve a combination of genetic and environmental factor (Yoon,1990),it
Is consider as a result of cellular mediated auto immune destruction of
beta cell of the pancreas causing an absolute deficiency of insulin
secretion (Islet cell auto antibodies) or due antibodies against insulin
(insulin auto antibodies), glutamic acid decarboxylase auto antibodies,
tyrosine phosphatase IA -2 and IA-2B (Bishop et al.,2018).The largest
genetic component of the risk for typel diabetes, is the major
histocompatibility complex in chromosome 6, including DR3-DQ2 and
DR4-DQ8 alleles that increase risk, and DR2-DQ6 alleles which is
protective(Karuranga et al.,2008).Environmental factor despite decades
of research, the  relation between viruses and islets cell are
circumstantial, the most robust association with viruses and type 1
diabetes involve enterovirus species, of which some strain have the
ability to induce or accelerate disease in animal models (Coppieters et
al.,2012). Congenital rubella, coxakie B, and viruses such as

cytomegalovirus, adenovirus and mumps are also involved (Who, 2019).
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Family members who expressed auto antibodies to insulin, GAD 65 and
IA-2 have 75% 5-yrs risk of diabetes compared with a 25% 5-yrs risk in
relative who expressed one of those auto antibodies (Barker,2006).
2.1.1.1 Latent Autoimmune Diabetes in Adult (LADA):

LADA is slowly progressive form of autoimmune diabetes that develops
in adult and does not require insulin therapy for some time after diagnosis
(Redondo,2013), it is occur in 10% of individual older than 35 years and
in 25% below that age. Prospective studies of  cell function show that
LADA patients with multiple islets antibodies develop B cell failure
within 5 years (Stenstrom et al.,2005).The diagnosis of LADA is
currently based on three criteria.A.adult age at onset of diabetes. B. The
presence of circulating Islet autoantibodies (Distinguish LADA from
classic type2 diabetes). C. Insulin independence at diagnosis (Distinguish
LADA from classic type 1diabetes) (Fourlanos et al., 2005).

2.1.2 Typ2 diabetes mellitus:

Previously called noninsulin diabetes mellitus, this is the most common
variety worldwide (90% of all diabetes causes), (Crook,2012).More than
90% of type2 diabetes is insulin resistant and at least 25% of subject with
normal glucose tolerance may be insulin resistant, but secrete sufficient
insulin  to overcome resistance (Melmed and Coon,2005).Most patients
in this type are obese or have an increase percentage of body fat
distribution in the abdominal region.an increase in age, obesity and lack
of exercise (Bishop, 2018), ethnicity and family history, smoking, in
adequate intake of fruit and vegetables, whole grains and dietary fibers
and high intake of energy as saturated fat. Consider as risk factor for
type2 D.M (Karuranga et al.,2017).The causes of type2 diabetes mellitus
remain unclear. Insulin resistance and abnormal insulin secretions are

central to the development of type2 D.M.



A- Insulin resistance syndrome (syndrome X): is defined as decrease
biological response to normal concentration of circulating insulin,
B- Loss of B cell function: the increase of B cell demand induced by
insulin resistance is ultimately associated with progressive loss of
B cell function that is necessary for the development of fasting
hyperglycemia (Burtis et al.,2008).
Type2 diabetes has strong genetic component, The familial clustering of
type2 diabetes suggest strong genetic component .monozygotic twins
have a60% t090% concordance for type2 diabetes. The risk for type 2 in
siblings of diabetic patients is 10% to33% versus5% for the general
population. Off spring of women with type2 diabetes have two fold to
three fold greater risk for diabetes, than offspring of men with the disease
(Dermmott, 2013).

2.1.3 Gestational diabetes mellitus:

Gestational diabetes is defined as any degree of glucose in
tolerance with onset or first recognition during pregnancy.
Usually occur in Women who are overweight or women with family
members who have had gestational diabetes or have type2 diabetes
(African American Indian and Hispanic)(Buchanan et al ,2007).
In UK about 4-5% of pregnancies are complicated by gestational diabetes
mellitus it is associated with increased fetal abnormalities for example
high birth weight, cardiac defect and poly hydrmnios. In addition, birth
complication, maternal hypertension and need for cesarean section may
occur (Crook, 2012).
2.1.3.1Diagnosis of Gestational diabetes mellitus:

It diagnosed if two or more of the value (venous serum or plasma

glucose level are met or exceeded (Seshiah et al., 2004).



2.1.3.2 Treatment of gestational diabetes:

Excellent glycemic control to prevent complication in the
newborn monitoring and insulin some cases with high dosage, >75% of
these women will go to develop type2 DM) in later life (Greensteinand
Wood, 2011).

Also stay at a healthy weight, eat healthy diet, get active and tested

regularly can reduce the percentage (Daviset al., 2009).

2.1.4 Other types of diabetes mellitus:

Diabetes may cause by:
1. Disease of exocrine pancreas:
Fibro calclouspancreatopathy, pancreatitis, trauma, pancreatectomy,
Neoplasia, heamochromatosis and others (Who,2020).
2. Disease of endocrine pancreas:
Cushing Syndrom, Acromegaly, Pheaochromocytom, Glycogenom,
Hyperthyrodism,Polyglandular Syndrom1, 2 and others (Wass and Owen
,2014).
3. Drugs of chemical during therapeutic use:
Pantamidine, Asperginase, Dizoxide (by interfering with insulin
production and secretion).Steroid, Betagonists, growth hormone
(reducing effectiveness of insulin). Thiazide diuretics, cyclosporine, Fr-
506 (act on both insulin secretion and action). Nicotinic acid, total
parenteral nutrition, miscellaneous drugs (act independent of insulin)
(Mohan and Mohan,1997).
4. Infections:
Cytomegalovirus (Hjelmeasaeth et al., 2005), Coxackivirus,
mumps, rubella, and others (Who,2019).



2.1.5 Genetic defect of f cell function:

Monogenic diabetes:
Monogenic diabetes is account for approximately 1-2% of all cases of
diabetes with overlapping clinical features with common form of
Diabetes, make diagnosis challenging (Carroll and Murphy,2013). Its
Diabetes result from mutations in a single gene. the main form of
monogenic diabetes is:
Neonatal Diabetes: condition occur in the first 6 month of life, infants do
not grow well before birth and born small for their age.
Permanent Neonatal Diabetes (lifelong condition).
Transient Neonatal Diabetes which goes away during infancy but can
return later in life(Anhalt et al.,2017).
Maturity Onset Diabetes of the Young (MODY):

MODY1: Mutation of hepatocyte nuclear factor (HNF4A).

MODY?2: Mutation of glucokinase gene.

MODY 3: Mutation of the HNFIA gene (Crook,2012).

2.1.6 Genetic defect in insulin action:
1) Lipo dystrophies.
2) Insulin receptor mutation.

3) Rare Down Stream insulin signaling defect(\Wass and Owen,2014).

2.1.7 Other genetic syndrom like:

Down syndrome, Walfer syndrome

, Turner syndrome, Prades-willi syndrome (Baco,2019).

2.1.8 Uncommon forms of immune mediated diabetes:

Stiff person syndrome, anti-insulin receptor antibody.(Azam,2013).



Impair glucose tolerance(also known as prediabetes):

prediabetes is an intermediate state of hyperglycemia with glycemic
parameter above normal but below the diabetes threshold. It remains a
state of high risk of developing diabetes with yearly conversion rate of 5-
10 % prediabetes commonly .

The mechanism whereby obesity predispose to prediabetes and
metabolic syndrome are incompletely understood but likely have a
common metabolic soil(Grundy,2012).Subject with IFG /AGT have an
increased risk of diabetes and higher prevalence of cardiovascular disease
than norm glycemic (Colagiuri,2011).

Metabolic syndrome: metabolic syndrome is multiplex risk factor that
consists of several risk correlates of metabolic origin.in addition to
dyslipidemia, hypertension, and hyperglycemia (Grundy,2008).the
pathophysiology seems to be largely attributable to insulin resistance
with excessive flux of fatty acids implicated (Eckelet al.,2005).

2.1.1.1 The Pathogenesis of typel diabetes mellitus:

It depends on destruction of B cell by host T cell which causes complete
absence of insulin. The auto immune process include Auto antibodies to
Islet cell, insulin and glutamic acid decarboxylase, and also auto immune
process may related to genetic predisposition in combination with
environmental factor (Dermmott,2013). The contribution of T cell in
pathogenesis is beyond doubt. Therapies directed against T cell have been
shown to halt the disease and prevent recurrent B cell destruction after
Islet transplantation (Roep,2003).Various inflammatory cy tokines and
oxidative stress produced by Islet-infiltrating immune cells have been
proposed to play an important role in mediating the destruction of B cell

(anti-oxidant and redox signaling) (Kanto et al.,2007).



2.1.2.1 The Pathogenesis of type2 diabetes mellitus:

When glucose hemostasis defect by reduce B cell mass (either through
genetic and or cytotoxic factor) predispose for glucose in tolerance raise
in blood glucose make further defect in Bcell responsiveness to meal by
Impairing the first phase Insulin response, also adipocyte play very
Important role in maintenance  total body glucose homeostasis by
regulating the release of free fatty acid and production of adipocytokinase
that influence insulin sensitivity in muscle and liver (Leahy, 2005).

Also Raise in blood glucose perhaps in concert with fatty acid (feature for
obesity and insulin resistance) cause additional deterioration in [ cell
function along with further Insulin resistance(Antonio and Drive,2004).
Signs and symptoms of diabetes mellitus:

Increased thirst, Frequent urination, Extreme hunger, Fatigue, Irritability,
Blurred vision, Slow healing sores, Frequent infec toin, Unexplained
weight loss (Myoclinic,2019), Numbness or tingling in hands and feet
(Martin et al ;2003), Bedwetting (typel DM) (Cho et al.,2017).

The Complications of diabetes mellitus:

People with type2 diabetes are at increased risk of many complications,
which are mainly due to complex and interconnected mechanisms such
as hyperglycemia, insulin-resistance, low grade inflammation and
accelerated atherogenesis (Schlienger,2013).

1. Acute complications of diabetes mellitus:

It include hyper osmolar non ketotic coma. (HNC)(Result from insulin
deficiency), Lactic acidosis (Associate with other factors that may be
related to diabetes such as cardiovascular disease), hypoglycemia (from
the treatment of diabetes). (Fishbin and Palumbo, 1995) and diabetic
ketoasidosis.

Diabetic ketoacidosis: (DKA) is life threatening condition in which

sever deficiency lead to hyperglycemia. Excessive lipolysis, and
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unrestrained fatty acid oxidation producting the ketone bodies acetone
(Wiliams, 2003).

2. Chronic complications of diabetes mellitus:

The Micro vascular complications of diabetes mellitus:

A. Diabetic retinopathy:

Diabetic retinopathy it is involves anatomic changes in retinal vessels and
neurologia. The pathogenetic mechanisms is imperfectly understood
(Engerman, 1989), the molecular and physiologic abnormalities that have
been found to develop in the retina in diabetes are consistent with
inflammation (Tang and Kern,2011).

B. Diabetic nephropathy:

Diabetic nephropathy is the leading cause of renal failure in the United
States.it is defined by proteinuria >500mg in 24hours in the setting of
diabetes, but is preceded by lower degree of proteinuria (micro
albuminuria is defined as albumin excretion of 30-299mg?24 hours
(Fawler,2008).

It occur in 15-40% of patients with typeland 5-20% in patients with
type2, the pathogenic mechanism involve generation of reactive oxygen
species (ROS) accumulation of adrenal glycation end product (AGE), and
activation of intracellular signaling molecules like protein kinase C
(Chawla et al.,2016).

C. Diabetic neuropathy:

Diabetic neuropathy is the most common neuropathy in industrialized
countries, responsible for most limb Amputations and considerable
morbidity in diabetic patients (Said, 2007).

It is exact pathogenetic mechanism remains unclear (Greeneet al.,1990).
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The Diagnosis of diabetes mellitus:
e Symptoms plus random plasma glucose concentration >11.1
mmol/I (200 mg/dl),
Or fasting plasma glucose >7.0 mmol/l (126 mg/dl)(Silink M et al ;
2004).
e 2-h plasma glucose >11.1 mmol/l (200 mg/dl) during an oral
glucose tolerance test (OGTT).
The test should be performed in the morning, after an overnight fast of 8—
14 h, using glucose load containing the equivalent of 1.75 g/kg anhydrous
glucose up to a maximum of 75 g (i.e., 1.75 g/kg for those weighing <43
kg and 75 g for those weighing > 43 kg). The glucose load should be
dissolved in 250-300 ml water and drunk over the course of 5 min. The
test is timed from the beginning of the drink. Before the OGTT, there
should have been at least 3 days of an unrestricted diet containing at least
150 g of carbohydrate daily.
Prediabetes:
e Impaired glucose tolerance (IGT) = 2-h plasma glucose >7.8
to
<11.1 mmol/l (>140 to <200 mg/dl)
e Impaired fasting glucose (IFG) => 6.1 to < 7.0 mmol/1 (>110
to <126 mg/dl) (Silink et al.,2003).
Treatment of diabetes mellitus:
For typel diabetes administration of Basel, exogenous insulin is essential
for regulating glycogen break down, gluconeogenesis, lipolysis and
ketogenesis, and it is appropriate for carbohydrate intake and promotes
normal glucose utilization and storage (Jameson.,2010). For type2
diabetes: metformin (Glucophage, glumetza, others), sulfonylureas,
meglitinides Thiazolidinediones, DPP -4 inhibitors, GLP-1 receptor
agonists, SGLT2 inhibitors, insulin (Myoclinic ,2019).

12



2.2Triglycerides:

Triglyceride classified as neutral lipid, its contain three fatty acid
molecules attached to one molecule of glycerol by ester
bond(Bishop,2018).Dietary s are digested in the duodenum and absorbed
in the proximal ileum through pancreatic and intestinal lipase and bile
acids, first hydrolyzed to glycerol monoglycerides and fatty acids, these
component are ressembled as triglyceridess in the intestinal epithelial
cells and then package with cholesterol and apo B—48  to form
chylomicrons(Burtis et al.,2008).

although four databases were searched without language restriction for
relevant studies(PubMed, Science Direct, EMBASE, and Google
Scholar), All prospective cohort studies reporting an association between
TG and CVDs or all-cause mortality published before July 2013 were
include The relationship of triglycerides to (CVVD) remains unclear(Liu et
al.,2013). Different study like (Vega et al.,2014), (Khan et
al.,2008),(Awadalla etal.,2018) and others were proved The elevated
triglycerides in patients with type2 diabetes mellitus, the mechanism is
still unclear. Triglycerides can be measured in the non-fasting or fasting
states, with concentrations of 2-10 mmol/L conferring increased risk of
cardiovascular disease, and concentrations greater than 10 mmol/L
conferring increased risk of acute pancreatitis and possibly cardiovascular
disease (Nordestegaard,2014).

2.3High Density Lipoprotein(HDLCc):

Its smallest and most dense lipoprotein particle, synthesized by liver and
intestine. Discoidal or spherical shape, Discoidal represent recent and
most active form in removing excess cholesterol from peripheral cell

(Bishop et al.,2018).Plasma levels of high-density lipoprotein (HDLc)
cholesterol are strongly inversely associated with atherosclerotic CVD.
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The molecular regulation of HDL metabolism is not fully under stood,
but it is influenced by several extracellular lipase (Jin et al.,2002).

there are many scientific studies prove the relationship between the Low
density HDLC and the cardiovascular disease in patients with diabetes
mellitus like (Golay et al.,1987), (Awadalla et al.,2018), (Elnasri and
Ahmed.,2008) and others. Alterations of HDLc in diabetes are probably
based on the presence of insulin deficiency or, more commonly, on
hyperinsulinemia and insulin resistance. HDLc (particularly the
subfractionHDLc2) concentration is regulated by two endothelial
lipolytic enzymes, lipoprotein lipase and hepatic lipase, both of which are
insulin sensitive (Nikkila,1981).

2.4 The Triglycerides: high density lipoprotein ratio:

The triglycerides: HDLc ratio recently used as predict subject at increased
risk of developing metabolic and cardiovascular complications. (
tommaso et al.,2013).Also its prdictive for the severity of CHD. It could
predict in hospital_new onset heart failure incidents of CHD patients
(Yunke et al., 2014).

HDLc levels are inversely related to plasma triglycerides levels and
there is a dynamic interaction between HDLc and triglycerides (TGs) rich
lipoproteins in vivo (Lamarche, 1999).

The atherogenic link between high Triglycerides and HDLc-cholesterol is
due  to higher plasma concentration of Triglycerides-rich; very low
density lipoprotein, That generates small, dense LDL, during lipid
exchange and lipolysis. This LDL particle accumulate in the circulation
and form small dense HDLc particles, which undergo accelerated
catabolism, this dosing the atherogenic circle (Protasio et al., 2008).

The treatment of lipids disordered include statin, one of the most
powerful classes of agents for the treatment of cardiovascular diseases the
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reductions in circulating serum lipid levels that were mediated by
inhibition of liver 3-hydroxy 3-methyl glutaryl coenzyme A (HMG-CoA)
reductase (Lefer, 2002).

Dietary supplementation with soluble fiber, such as psyllium husk, oat
bran, guar gum and pectin, and fruit and vegetable fibers, lowers serum
LDL cholesterol concentrations by 5 to 10 percent (Knop,1999).

The Macro vascular complication of diabetes:

The major cause of death in people with type2 diabetes according for
50% of death in this group, the relative risk for cardiovascular disease is 2
to 3 times higher in men and 3 to 4 times higher in women (Greenstein
and Wood, 2011).

2.5 Dyslipidemia:

Usual risk factor for coronary artery disease account for 25-50%increased
atherosclerotic risk in diabetes mellitus. Insulin resistant diabetes course
affects virtually all lipids and lipoprotein (Kreisberg, 1998).

There is strong evidence that cholesterol lowering improve cardiovascular
outcome (Schofield et al., 2016).

A significant component of the risk association with type2 because of itis
characteristic lipid (triad) profile of raised small dense, low density
lipoprotein, and elevated triglyceridess (TGs) (Carmena, 2005).

The Pathogeneses of atherosclerosis:

Atherosclerosis develops over the course of 50 years, beginning in the
early teenage years. The causes of this process appear to be lipid
retention, oxidation, and modification, which provoke chronic
inflammation at susceptible sites in the walls of all major conduit arteries.
Initial fatty streaks evolve into fibrous plaques, some of which develop
into forms that are vulnerable to rupture, causing thrombosis or stenosis.
Erosion of the surfaces of some plaques and rupture of a plaque's calcific

nodule into the artery lumen also may trigger thrombosis. The process of
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plague development is the same regardless of race/ethnicity, sex, or
geographic location, apparently worldwide. However, the rate of
development is faster in patients with risk factors such as hypertension,
tobacco smoking, diabetes mellitus, obesity, and genetic predisposition.
Clinical trial data demonstrate that treatment with 3-hydroxy-3-
methylglutaryl coenzyme A reductase inhibitors (statins) favorably alters
plaque size, cellular composition, chemical composition, and biological
activities centered on inflammation and cholesterol metabolism, as well

as the risk of clinical events due to atherosclerosis.( Insull. 2009)
2.6 C-reactive protein (CRP):

CRP is an ancient highly conserved molecule and member of pentraxin
family of proteins, secretes by liver in response to trauma, infection,
inflammation (Do clos, 2000).

Recent evidence implicates inflammation in the pathogenesis of coronary
heart disease; C reactive protein, a plasma marker of inflammation, is a
marker of CHD (Folsom et al.,2002), and others multiple prospective
studies now demonstrate that high sensitivity C reactive protein is a
potent predictor of future cardiovascular events at all level of low density
lipoprotein cholesterol (Ridker,2003).

Elevated HS-CRP was significantly correlate with electrocardiogram;

defined coronary artery disease (Thakur et al., 2011).
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Materials and Methods

3.1Materials
3.1.1 Study Design:

This study is an analytical cross sectional study.

3.1.2 Study area and period:

The study was conducted in Ombada Hospital and EL-emtiaz medical

center from 12 November to 1 September.

3.1.3 Ethical consideration:

The study was approved from scientific committee of Clinical Chemistry
department in college of medical laboratory science at Sudan University
of Science and Technology.an informed consent was obtained from all
participants  (Appendix I).Demographic data was collected by
questionnaire (Appendix I1).

3.1.4 Study Population:

The study was consisted of 52 Patients as case group already diagnosed
as type 2 D.M (according to American Diabetes Association, 2004) (14
male and 38 female) and 52 apparently healthy individuals as control
group (14 male and 38 female), patients with familial
hypercholesterolemia, familial hyper triglyceridemia were excluded, and
Age was matched ranged from (32_70) years.

3.2 Methods
3.2.1 Sampling:

After obtaining an informed consent, samples were collected by using dry
plastic syringes and tourniquet, venous blood (5ml) was collected in to

plain, and EDTA container under aseptic conditions. EDTA containers
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were storage at 4-c until analysis Plain container samples were allowed
to clot at room temperature and then were centrifuged at 4000 rpm for 5
minutes to obtain serum for triglycerides, HDL and CRP. The samples
were stored for -20ec until analysis. The sample with interference

substance like hemolysis and icteric sample was excluded.

3.2.2 Estimation of triglycerides:

Lipoprotein lipase hydrolyzed triglycerides to glycerol and free fatty
acid, the glycerol formed with ATP in the presence of glycerol kinase
formed glycerol 3 phosphate which is oxidised by the enzymes glycerol
phosphate oxidase and formed hydrogen peroxide. The hydrogen
peroxide further reacted with phenolic Compound and 4amino antipyrine
by catalytic action of peroxidase and formed a red color quinonamine dye
complex, the color was directly proportional to the amount of

triglycerides presented in the sample (Appendix I11).
3.2.3 Estimation of HDL.c:

Very low density lipoproteins (VLDLc), and low density lipoprotein
(LDLc) in the sample precipitated with phosphotungestate and
magnesium ions. The supernatant contained high density lipoproteins
(HDLc). The HDLc cholesterol was then spectro -photo metrically
measured ( Appendix V).

3.2.4 Detection of CRP:

The test was an immunologic reaction between CRP as an antigen and the
corresponding antibody coated on the surface of biologically inert latex
particles (Appendix V).

3.2.5 Estimation of HbAlc:

HbAlc estimation is based on the fluorescence immunoassay
technology, specifically the competition immune detection method.
Whole blood added to the mixture of hemolysis buffer and detection
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buffer, which resulted in hemolysis of red blood cells. The mixture
containing HbAlc from the hemolyzed red blood cells and fluorescence-
labeled HbALlc peptides from detection buffer was loaded on to the
sample well of the cartridge. The mixture then migrated through the
nitrocellulose matrix of the test strip by capillary action. HbAlc from the
blood competes with fluorescence-labeled HbAlc peptides for binding
sites on HbA1c antibodies fixed on the nitrocellulose matrix. As a result,
the higher concentration of HbAlc produced a lower fluorescence signal
from HDbAlc-peptides. The signal was interpreted and the result
displayed. on i-CHROMA reader in units of percentage (Appendix VI).

3.3 Quality control:

Pathological and normal control sera were measured to verify the
performance of the measurement procedure, for TG use control serum
level | (cod.18040) and Il (cod. 18041) and for HDLc use control serum
level I (cod.18005,18009 and 18042).

3.4 Statistical analysis:

Statistical procedure was followed using statistic package for social
science (SPSS) version 16 on programmed computer. Independent
sample T test was applied to compare biochemical quantitative data
between case and control groups and Person's correlation test was applied

for the correlations. The level of significant was expressed as P<0.05.

19



Chapter Four

Results

20



Results

The study induced 52 patients with type2 diabetes and 52without
diabetes, SPSS was done and the results were as follow:

Table 4.1 shows: significant increase in TG: HDLc ratio among type2
diabetic patients in comparison with control group, with p-value 0.000,
significant increase in TG between type2 diabetic patients in comparison
with non-diabetic group, with p-value 0.000,also significant decrease in
HDLc among type2 diabetic patients in comparison with control group,
with p-value 0.000,and significant increase in percentage of CRP among
type2 diabetic patients in comparison with control group, with p-value
0.02,in significant difference in Age between type2 diabetic patients and
control group with p-value .616, and in significant difference in BMI
between type2 diabetic patients and control group with p-value 0.677.
Table 4.2 shows: No correlation between ratio and age, BMI, duration,
among type2 diabetic patients with r and p-values ( r .120, p .325),(r -
036 p .800), (r -.211 p .130) respectively, No correlation between
HbA1C and Age, BMI, duration, among type2 diabetic patients with r
and p-values(r .000 p .977),(r - .177 p .208),(r 074 p .604
respectively. Also no correlation between CRP and age, BMI, duration,
with r and p-values (r -.072 p .613),(r .145p .306),(r -.077 p .588)
respectively, no correlation between HDL and Age, BMI, Duration with r
and p-values(r .73 p .607),(r - .031 p .825),(r . 314 p .23)
respectively, and no correlation between TG and Age, BMI, Duration
with r and p-values (r .165, p .244),(r - .082 p .561),( r -.175p .215)

respectively.
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Table 4.3 shows: No correlation between CRP and ratio, HbAlc among
type2 diabetic patients with r and p-values (r .246 p .078), (r .254 p
.064) respectively.

Table 4-1 Comparison of the mean and standard deviation of Age,
BMI, TG,HDL, TG:HDL Ratio and CRP between cases (diabetic
patients HbAlc >7) and control (HbA1c<7%) with p-values.

Variable Case Control P value
(n=52) (n=52)
Mean + SD Mean + SD
Age 51+9.8 48+9.8 0.616
(years)
BMI 22+4.8 21+3.8 0.677
(Kg/ m?)
Triglycerides 169+116 88+17.5 0.000
(mg/dl)
HDLc 34+14 50+9.5 0.000
(mg/dl)
TG: HDLc ratio 9.246.9 1.69+0.47 0.000
CRP Positive Test | 33.0% 0.0% 0.02
(%)

Independent T-test was used for comparison Diabetics and Control

groups, P-value < 0.05 considered significant.
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Table 4-2Correlation between HDL, TG, TG:HDL ratio, HbAlc,
CRP and Age, BMI, Duration among type 2 DM.

Age BMI Duration
Pvalu | r P.value | R P.value |r
e
HDLc .607 .073 .825 -.031 0.230 314
(mg/dl)
TG 244 .165 561 -.082 215 -.175
(mg/dl)
TG/HDLc ratio |.395 120 .800 -.036 0.133 -.211
HbA1lc .997 .000 .208 - 177 .604 .074
(%)
CRP Positive Test | 0.613 |.072 .306 145 .588 -.077
(%)

Person's Correlation was used, P value < 0.05 considered significant.

r: is coefficient and strength.
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Table 4:3Correlation between CRP, TG/HDL ratio and HbA1c in
type2 diabetic patients.

Variable CRP

P.value r
TG/HDLc ratio |0.078 0.246
HbAlc 0.064 0.259
(%0)

Person's Correlation was used, P value < 0.05 considered significant.

r: is coefficient and strength.
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Chapter five

Discussion, Conclusion and Recommendations

5.1 Disccussion

The chronic hyperglycemia of diabetes is associated with long-term damage,
dysfunction, and failure of various organs, especially the eyes, kidneys,
nerves, heart, and blood vessels (Diabetic care,2005).

The results of this study revealed that, there is a significant increase in the
mean of TG among type2 diabetic patients versus control group. The result is
In agreement with some studies like (Smith et al.,2008;Elnasri and Ahmed,
2008). the elevation of TG among type2 diabetic patients although its stated in
many studies like(Khan et al.,2008;Liu etal,.2013;Vega et al., 2014).The
mechanism by which TG increase among type2 diabetic patients its still
unclear but may be caused by increased free fatty acid flux secondary to
insulin resistance and aggravated by increased inflammatory adipokines
(Chehade et al.,2013).There is a significant decrease in the mean of HDL
among type2 diabetic patients versus control group came in agreement with
other studies like(Gloay et al.,1987;Awadalla et al.,2018),and a good
explanation of that result is (the presence of insulin deficiency or more
commonly on hyperinsulinemia and insulin resistance, HDL particularly the
subfraction HDL2 concentration is regulated by two endothelial lipolytic
enzymes, lipoprotein lipase and hepatic lipase, both of which are insulin
sensitive(Nikkila,1981).

There is a significant increase in the mean of TG:HDL ratio among type2
diabetic patients versus control group. This result came in agreement with
some studies like (Khan et al.,2008;Vega et al.,2014;Mohieldein et al.,
2014).that insure the relationship between type2 diabetes and high TG:HDL
ratio and The result can be interpreted by the abnormal results of TG and HDL

and the theory of Protasio ( higher plasma concentration of Triglycerides-rich,
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very low density lipoprotein, That generates small, dense LDL, during lipid
exchange and lipolysis. This LDL particle accumulate in the circulation and
form small dense HDL particles, which undergo accelerated catabolism, this
dosing the atherogenic circle (Protasio,2008).there is a significant increase in
the percentage of CRP among type2 diabetic patients versus control group, the
results is in agreement with some studies like (Erbacci et al.,2002;Ojiminiyi et
al,2002).The elevated percentage of CRP among type2 diabetic patients
versus control group may due  to elevation in lipid which may cause
Inflammation and then presence of CRP as immunological response (Allin
and Nordestgaard,2011).There is no significant differences in BMI among
type2 diabetic patients versus control group . although many studies insure the
relationship between diabetic patients and increased BMI like ( Elnasri and
Ahmed, 2008;Gray et al.,2008), although the pathogenesis of obesity induced-
insulin resistance is still obscure in many aspects( Zeyda and Stulnig ,2009),
many diligence to know the mechanism like ( adipocytes secrete a unique
signaling molecule, which we have named resistin (for resistance  to
insulin).Circulating resistin levels are decreased by the anti-diabetic drug
rosiglitazone, and increased in diet-induced and genetic forms of
obesity(Steppan et al., 2001). So type 2 diabetes mellitus can happen by many
causes like genetic or Bcell destruction and viruses and many reasons and not
required just increased BMI to occur. There is no correlation between TG
and Age, BMI, Duration. The relation between TG and Age is variable
(Okecka et al.,2011; Elnasri and Ahmed,2008) and the cause may due to (Age
related decrease in the capacity of respiring tissue to oxidize fat rather than
decrease free fatty acid release is more likely determinant of lipid implance
and the Age related increase in adiposity)(Toth and Tchernof,2000) and
absence of relationship between TG and BMI, Duration may due to the using

of lipid reducing Drugs like statin.
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There is no correlation between HDLc and Age, BMI, Duration among type2
diabetic patients. We find that HDLc has no relation with Duration and Age
and itis Impairment is due to other causes mention by ( Rogres G and Cheney
K(2019); Holland K (2019). like Smoking, inheritance factor, lack of some
hormones, obesity and lastly due  to the therapeutic used in reducing
cholesterol which may Interpret absence of the relationship between HDLc
and those factors mentioned above.

There is no correlation between TG: HDLc ratio and Age, BMI, Duration
among type2 diabetic patients. Actually there is a relationship between
abnormal lipid profile and BMI (Sandoval et al.,2014) and here can
interpreted by the closed value of BMI among type2 diabetic patients and the
absence of the correlation between HDLc and Age, Duration have interpreted
by that (the Age and duration are variable and their relation is depending on
the life style which mainly effect on BMI).

There is no correlation between CRP and Age, BMI, Duration among type2
diabetic patients. There is no previous data interpreted absence of the
relationship.

26



5.2 Conclusion

Type2 diabetic Sudanese patients had increase HbAlc, TGs, CRP, TG: HDLc

ratio and deteriorated HDLc compared with non-diabetic control group.
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5.3 Recommendations

. From the results of this study it’s recommended that:
.TGs: HDLc ratio and CRP can be used routinely for type2 diabetic patients
to assess atherogenic index to avoid the complications that may suddenly

happen.
. Cohort study have recommended for these variables to clarify the changes

will happen at successive periods of time.
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Appendix 11
Questionnaire
Sudan University of Science and Technology
College of Graduate Studies

Assessment of Triglycerides to High density lipoprotein Cholesterol
ratio and C-reactive protein among type 2 diabetic patients In Khartoum

State
Code No Date
Personal data:
Name
Age years
Gender male female
High m
Weight kg
BMI kg/m2
Smoking Yes No
Type of DM type 1 type 2
Duration of DM years

Treatment used
Investigation:
CRP mg/dI
Triglyceride mg/di
HDL mg/dl

% HbAlc
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Appendix 11

BioMed-Triglycerides L.S :

BLOMED

Enzymatic, Colorimetric GPO-PAJ?

TGI17090 ( 3x30 ml) s
TGI17120 (2x60 ml ) h
TGHITI00 ( 2x50 ml )

REF:

INTENDED FOR USE:

DIAGNOSTICS

TGHTO4 (2*20ml)
TG117200 ( 10:20 ml )
TGI17240 ( 2«20l )

PRINCIPLE :

For the enzymatic determination of Triglycerides according 1o the following reaction:

LPL

Triglycerides + H; O ——— Glycerol + Fatty acids

GK

Glycerol + ATP —— Glycerol-3-phosphate + ADP

Glycerol-3-phosphate + O, ——— Dihydroxyacetone phosphate + H,0,

GPO .

\POD

2 H,; 0;+ 4-AAP + 4-CHLOROPHENIL colored compound + H,O
» . Theintepsity of the red colour produced it directly proportional to Triglycerides in the sample

SPECIMEN.CODLECION 7o

Fresh serum or plasma (heparin or EDTA! obtained from fasting individuals.

Do not use grossly hemolized or highly m.?,_n specimens.

Triglycerides in serum or plasma is stal

Do not store samples at room temperating as phospholipids may '
and falsely elevating Triglycerides value *
Shake and bring the samples at room ten perature (+15-25°C) before using.

\

; for 2 days when stored in the refrigerator at 2-8°C.

sdrolyze, releasing frée m_w,nm:o#

REAGENTS COMPOSITION;

PACKAGE : Collection & Storagg .

RI Standard Trglyceridss Standard a,wwo__m“_aﬂ_“
Good’s Bui er 100mmol/L
Magnesiun! Chloride . I5mmol/L
ATP (Aden sina-5-Triphosphate) 4mmol/L
4-AAP (4-Zminoantipyrine) Immol/L
R2 4-CHLG I PPHENOL 0.Immol/L
w..».r. .} 1PL (Lipc rotein Lipase) i 2500U/L
, GK (Glyegf of Chinasi) 1000U/L
"GP0y krol-3-phosphate oxidase) 5500U/L
| POD(Perkidase) 1800U/L

H ynznfie

v §

Store at +2-8'C.

e |
Stable until the expiration date reported upon the package.

i
i
-

—«\!;,.\ ]

After the unsealing and the taking of the reagent , it is advised to close up the bottle immediately in
order to avoid evaporation , direct light exposure and bacterial contamination .

PRECAUTION & WARNINGS

Avoid pipette by mouth .

The preparation , according to current regulation . is classificd as not dangerous.
# The total concentration of non active components ( preservatives , detergents ,stabilizers ) is below
the minimum required for citation .
J t Anyway handle with care , avoid ingestion , avoid contact with eyes , skin and mucous membranes
The samples must be handle as potentially infected from E% or Hepatitis .

Before using reagents must be at room temperature (+15-25°C.)

The reagent is limpid and rose-coloured.

A light reagent coloration (less than 0.050 O.D.) due to air or direct light exposure, will not impair
its functioning.

Stable until the date indicated on the label.

REAGENT PREPATION & STABILITY :

REQUIRED MATERIALS NOT PROVIDED :
General Laboratory Equipment and instrumentations.

PROCEDURE :
Wavelength 500-550 nm
tical path : 1 emlight path Y
Temperature : +20-25/3T7'C
Reading : Against blank reagent
Assay lipe : Endpoint .
Procedure : Pipetting in tubes :
BLANK STANDARD SAMPLE
Reagent (R2) 1000 [JL 1000 [JL 1000 [JL
Distilled Water 10 L
| “tandard (R1) 10 [IL.
Sample 10 L.
Mix, incubate for 5 min at 37°C or 10 min at room temperature (+15-25°C) and read sample and

standard extinction.

Color is stable for 60 min at room temperature.

Volumes can be proportionally modified.

This methodology describes the manual procedure to use the kit. For automated procedure, ask for
specific application.

wai
(A) sample 3

Triglycerides mg/dl = —— 88— =200 =
(A) Standard

Unit conversion:

mg/dl x 0.0114 = mmol/l
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Appendix 1V

CHOLESTEROL HDL B‘
COD 11648 50mL 100ystems
" PRECIPITATING REAGENT “Sy s
STORE AT 2-8°C WEAGENTS & NSTRUMENTS
for of HDL cholesterol concentration CHOLESTEROL HDL
45 Only for in vitro use in the clinical laboratary c € PRECIPITATING REAGENT
PRINCIPLE OF THE METHOD REFERENCE VALUES
Very low density lipoproteins (VLDL) and low density lipoproteins (LDL) in the sample precipitate HDL vary i ly with age and sex. The following cut-off point
with and ions. The contains high density lipoproteins has been recommended for identifiying individuals at high risk of coronary artery disease®.
(HDL). The HDL is then P i d by means of the coupled
reactions described below'Z, Upto 35 mg/dL = 0.91 mmollL High
chol. este =>
c ester+ Hz0 T Cholesterol + Faty acid > 60 mgidL = > 156 mmolL. Low
hol. oxidase
Cholesterol + % Oz + H:0 ki Cholestenone + H;0z QUALITY CONTROL
peroxidase Itis to use the y Control Serum level | (cod. 18005 and 18009) to
2H:0:+4 - + Phenol Quinoneimine + 4 H:0 verify the performance of the measurement procedure.

CONTENTS AND COMPOSITION
A. Reagent: 1 x 50 mL. Phosphotungstate 0.4 mmol/L, magnesium chioride 20 mmol/L.
S. HOLCI d:1x5mL C 15 mg/dL. Aqueous primary standard.

STORAGE
Store al 2-8°C.

Reagent and Standard are stable until the expiry date shown on the label when stored tightly
closed and if contaminations are prevented during their use.

Indications of deterioration:

~ Reagent: Presence of particulate material, turbidity.
~ Slandard: Presence of particulate malerial, turbidity.
ADDITIONAL REAGENTS

These auxiliary reagents are to be used together with the Cholesterol Reagent contained in any
of the BioSystems Cholesteral kits (cod. 11805, 11505, 11506, 11539).

REAGENT PREPARATION

Reagent and Standard are provided ready to use.

ADDITIONAL EQUIPMENT

— Desktop centrifuge.

— Thermostatic water bath at 37°C.

~ Analyzer, spectrophotometer or photometer able to read at 500 + 20 nm.

SAMPLES— .

Serum or plasma collected by standard procedures,
HDL cholesterol in serum or plasma is stable for 7 days at 2-8°C. Heparin, EDTA, oxalate and
fluoride may be used as anticoagulants.

PROCEDURE

Precipitation

1. Pipette into labelled centrifuge tubes (Note 1):
Sample 02mL
Reagent (A) (Cholesterol HOL kit) 05mL

2. Mix thoroughly and let stand for 10 minutes at room temperature.
3. Centrifuge at a minimum of 4000 r.p.m. for 10 minutes.

4. Carefully collect the supernatant (Note 2).
Colorimetry

5. Bring the Reagent (Ch kit) to room
6. Pipette into labelled test tubes: (Note 3)

Blank Standard Sample
Distilled water 100 uL — —
HDL Cholesterol Standard (S) - 100 pl —
Sample supernatant — — 100 pL
Reagent (A) (Cholesterol kit) 1.0mL 1.0mL 1.0mL

7. Mix thoroughly and incubate The Tubes for 30 minutes at room temperature (16-25°C) or for.10°
minutes at 37°C.

8. Measure the absorbance (A) of the Standard and Sample at 500 nm against the Blank. The
colour is stable for at least 30 minutes.

CALCULATIONS

The HDL cholesterol concentration in the sample is calculated using the following general
formula:

A
i X C standard X Sample dilution factor = C sampe
A Standerg

If the HDL Cholesterol Standard provided has been used to calibrate (Note 4):

A sampie x52.5 = mg/dL HDL cholesterol

[ — x 1.36 = mmoliL. HOL cholesterol

M118481-21

BioSystems S.A. Costa Brava 30, 08030 Barcelona (Spain)

Each laboratory should establish its own internal Quality Control scheme and procedures for
corrective action if controls do not recover within the acceptable tolerances.
METROLOGICAL CHARACTERISTICS

- Detection limit: 3.0 mgidL = 0.078 mmol/L.

Linearity limit: 150 mg/dL = 3.9 mmoliL.

Repeatibility (within run):

Mean Concentration Ccv n
30 mg/dL = 0.78 mmollL 33% 20
55 mg/dL = 1.42 mmoliL 20% 20
— Reproducibility (run to run):
Mean Concentration CcV n
30 mg/dL = 0.78 mmollL 42% 2
55 mg/dL = 1.42 mmol/L 32% 20

Trueness: Results obtained with this reagent did not show systematic differences when
compared with reference reagents (Note 4). Details of the comparison experiments are
available on request.

Interferences: Lipemia (triglycerides 10 g/L) does not interfere. Bilirubin (10 mg/dL) and
hemoglobin (5 g/L) may intefere. Other drugs and substances may interfere*.

These metrological characteristics have been obtained using an analyzer. Results may vary if a
different instrument or a manual procedure are used.

DIAGNOSTIC CHARACTERISTICS

HOL play an important part in the removal of cholesterol from tissues and its transportation to
the liver for removal as bile acids.

Decreased plasma HDL-cholesterol concentrations are positively correlated with the incidence of
atherosclerosic diseases, basis of myocardial infarction and cerebrovascular accidentsss.

There are several disease states or influences with reduced levels of
HOL: acute or chronic hepatocellular diseases, intravenous hyperalimentation, severe
malnutrition, diabetes, chronic anemia, myeloproliferative disorders, Tangier disease,
analphalipopro-teinemia, acute stress, some drugs and smoking®®.

Clinical diagnosis should not be made on the findings of a single test result, but should integrate
both clinical and laboratory data.

NOTES

. Sample and Reagent A volumes may be varied as long as the same ratio is maintained

Supernatant must be clear. When supernatant is turbid or the pellet floats, add again 0.5 mL of
Reagent A, mix theroughly and centrifuge. Multiply the obtained concentration by 1.7 (dilution),

These reagents may be used in several automatic analysers. Instructions for many of them
are available on request.

. Calibration with the provided aqueous standard may cause a matrix related bias, specially in
some analyzers. In these cases, it is recommended to calibrate using a serum based
standard (Biochemistry Calibrator, cod. 18011 and 18044).
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Appendix V
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e

BioMed-CRP

C-Reactive Protein

CRP30OIORO  (40test)
CRP3OI0OFO (50 test)
CRP30LIPO (100 test)

INTENDED EOR US

Rapid latex mmm__::z:os test for the qualitarive mo_,....z_sr and semi-quantitative determination of
C-reactive'protein (CRP) in serumis® %4, |

PRINCIPLE :

The principle of the test is an immunoldgic reaction between CRP as an antigen and the
corresponding antibody coated on the surface bf biologically inert latex particles.

SPECIMEN COLLECTION :

The test should be performed on serum. Spefimens can be drawn by venipuncture or convenient
fingertip method. Plasma should not bé lused because fibrinogen may cause nonspecific
agglutination of the latex particles.

Strongly lipemic sera and/or bacterial contam{nation may ¢

e false positive agglutination.

The serum specimen should be stored refrigirated. If testing is to be prolonged in excess of 24
hours, serum should be frozen. Bacterial contpmination may cause protein denaturation

Latex Reagent: a suspension of polystyrene Iitex particles in glycine-saline buffer pH: 8.6 + 0.2,
The latex particles are coated with monospecific anti-human CRP, produced in laboratory animals
Positive Control Serum: Stabilized human serum containing CRP as an antigen.

All components contain 0,1% sodium azide as preservative,

PACKAGLE : Collection & Storage .

All reagents are stable up to the expiration date specified when stored at 2 - 8°C, Do Not Freeze.
Avoid extended exposure of reagents to elevabed temperatures.

PRECAUTIONS & WARNING :

All human blood components used to u..muE_.r. controls have been tested for Hepatitis B surface
antigen (HbsAg) and HTLV-I1I antibodies b§ an FDA approved procedure and found to be non-
reactive, No known test method for HbsAz pr HTLV-II antibodies offers total assurance that a
human derived product will not trassmithcpasitis ot HTL V-1 virus. The user is therefore cautioned
to handle reagents as if being capable of trangmitting these diseases.

The reagents in each kit are matched. Reaggnts from different kits must not be interchanged or
pooled. If the kit does not yield expected fesults when controls are tested, the kit should be
discarded. Mix the reagents well hefore u: 4 Use clean equipment. Traces of detergent to dried
reactants on the test slide may adversely wa;o: test performance and results.

REAGENT PREPARATION & STABILITY :
Expiration date is specified on the kit label. Biological indication of product instability is evidence
by inappropriate reaction of the latex reagent with the corresponding positive control serum.

REQUIRED MATERIALS NOT PROVIDED|:

Materials supplied with CRP kit,
CRP latex reagent.
Positive control serum.
Negative control serum.
3-cell glass slide.
Dispensing pipettes.
Materials required, but not provided,
Pipettes (serological).
Lab rotator. — -
Laboratory timer. d

1.Bring all reagents and specimens to room temperature.

2.Shake the CRP test reagent gently, expel contents of dropper and refill, then place one drop
(50 pl) onto glass slide. Using pipette, add one drop of the patient serum (50 ul) onto the gla

de, and mix both together with the flat end of the dispensing pipettes.

3.Continue to mix for about 2 minutes with rotator or by hand and observe for _._r_rqovnov_n
clumping using the indirect oblique light source. ]

4.Positive control should be run with each series 1o test sera. The positive control supplied is to be
used exactly as outlined in steps 1 through 3 above.

5.The reaction of the test serum is compared to the CRP positive control serum and negative
control.

7

WASTE DISPOSAI

The disposal of the product must be in accordance with local regulation concerning waste disposal.

QUALITY CONTROL :

A positive control will produce, usually within 1 minute, coarse agglutinated flocs against a clear
background, as demonstrated by the positive control.

If the indicated results, using the positive controls not obtained, the CRP kit should not be used.
Result

Negative result: No agglutination of the latex particle suspension will occur within two minutes.

Positive result: An agglutination of the latex particle suspension will occur within two minutes,
showing a CRP level of more than 6 mg/dl. Since negative results may | be caused by antigen excess,
the test should be repeated using a diluted serum.

Same as deéscribed in screening test.

- Results i

The serum CRP concentration can then be calculated wvuﬂcx_amﬁg by multiplying the dilution
factor (i.e. 2, 4, etc) by the detection limit (6 mg/L).
e.g. if the agglutination titer appears at 1:4 the approximate serum CRP level is 4 x 6 = 24 mg/L

REFERENCES

1. Tillet, W.S. & T. Francis: J. Exper.Med. 52, 561, 1930.
2. Fischel, E:E., in: Cohen. A.A. (Editor) Laboratory

Diagnostic Procedures in Rheumatic Disease. Little Brown & C. Boston, P. 70, 1967.
3. MacLeod, CM., & O.T. AVERY: J. Exper.Med. 73, 191, 1950.
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In comparing CRP tests, it must be Ramjcﬁna that the different techniques vary in sensitivity.
The latex agglutination technique is more sensitive than precipitation in capillary tubes or in agar
gel and gives positive results at lower CRP concentrations. For this reason the latex agglutination
test usually gives a higher percentage of positive results than the other methods.

Expressed in absolute terms.

The amount of C-reactive protein in serum from patients with strongly positive CRP reactions is
given by differentworkers as 33 mg/dl or 14 mg/dl while the content of normal serum is

less than 6 mg/dl. |

The strength of the agglutination reaction is not indicative of the CRP concentration. Weak
reactions may occur with slightly elevated or markedly elevated concentrations. A prozone
phenomenon (antigen excess) may cause false negatives. It is advisable, therefore, to check all
negative seras-by retesting at a 1:10 dilution. Reaction times longer than specified (4 minutes) may
produce apparent false reactions due to a drying effect. Strongly lipemic or, contaminated sera can
cause false positive reactions. |

Normal adult levels of CRP are reported to be less than 6 mg/dl when they can be detected. Recent
refined techniques, however, have shown the routine appearance of trace amounts of the protein in

the sera of apparently normal children and healthy adults.
|

... %

-

Consult Instructipns for Use

Caution, Consult accompanying

In Vitro Diagnostic Medical Device

-— L -
K}

‘_Jm.:_uw..ma_.m F_mmmm:or

Manufacturer

Authorized Representative in the European Community

Catalogue Number

Batch Code

Use by

forlab technology

EGY-CHEM for lab technology

Badr City, Industrial Area Piece 170

250 Faddan in East of Elrubaki, EGYPT.

Factory Tel.: +202 23108170/+202 23108171
Office Tel.: +202 26236727/+202 26236598
Fax: +202 26240986 r £ ——
www.egy-chem.com

Ce

EC REP

MDSS Gmbh
Schiffgraben 41
30175 Hannover,
Germany
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"Diabetes

“ichromo™
: HbAlc

fchroma™ HbAle is a flucrescence Immunoassay (FIA] for the
guantitative determination of HbALc{Hemaglobin Alc) in human whole
blood, It is useful as an aid in management and monitoring of the long-
term glycemic status in patients with diabetes mellitus.

Far in witro diagnostic use only.

INTRODUCTION

|

Glycated protein is formed post-translationally through the slow,
nonenzymatic reaction bemeeulucose and amino groups on proteins.
HbAlc is a clinically useful index of mean glycemia during the preceding
120 days, the average life span of erythrocytes. Carefully controlled
studies  have documented a  close relationship  between the
concentrations of HbAle and mean glycemia, HbALc is considered as a
more reliable parameter in monitoring glycemia over the ghycemic
reading with the canventienal glucometer.

PRINCIPLE *

The test uses a sandwich immunodetection method; the detector

antibody in buffer binds to antigen in sample, forming antigen-antibody
complexes, and migrates onto nitrocellulose matrix to be captured by
the other immabilized-antibody on test strip.
The mare antigen in sample forms the more antigen-antibody camplex
and leads to stronger intensity of fluorescence signal on detector
antibody. Instrument for ichroma™ tests displays the content of glycated
hemaoglobin in terms of percent of the total hemaglobin in blood.

COMPONENTS

ichroma™ HbAlc consists of “‘Cartridges’, ‘Detection Buffer Tubes’,
‘Hemalysis Buffer Wial® and an ‘10 chip”,
®  The cartridge contains a test strip, the membrane which has anti
human Hbidc at the test line; while rabbit IgG at the contrel line.
®  Each cartridge is individually sealed in an aluminum foil pouch
containing @ desiccant, 25 sealed cartridges are packed in a box
which also contains an ID chip.
®  The detection buffer contains anti human HbAlc-fluorescence
conjugate, anti rabbit IgG-fluorescence conjugate, bovine serum
albumin (B5A] as a stabilizer and sodium azide in phosphate
. buffered saline (PES) as a preservative. . -«
= The detection buffer is pre-dispensed in a separate tube,
®  The hemolysis Buffer containg nonianic detergent and sodium
azide as preservative in PBS.
= 25 detection buffer tubes and hemalysis buffer vial are packaged
in & box and further packed in a Styrofoam box with ice-pack for
the shipment.

WARNINGS AND PRECAUTIONS ]

- Far in vitre diagnostic use only.

= Carefully follow the instructions and procedures described in this
‘Instruction for use’,

®  Itis recommended to use fresh samples.

® It is possiole to use frozen samples. Please refer to “SAMPLE
COLLECTION AND PROCESSING™,

= Do not expose ichroma™ HbAlc test kit to direct sunlight.

= Lot numbers of all the test components (cartridge, 1D chip,
detection buffer and he molysis buffer) must match each other,

= Do not interchange the test companents between different lots
or use the test components after the expiration date, either of
which might yield misleading of test resultis).

= Do not reuse. A detection buffer tube should be used for
processing ane sample only. So should a cartridge.

- The cartridge should remain sealed in its original pouch before
wse. Do not use the cartridge, if is damaged or already opened.

=  Frozen sample should be thawed only ance. For shipping,
samples must be packed in accordance with the regulations,
HbAlc sample with severe hemolytic and hyperlipidemia cannot

2F4l-GED2-15 (Rev. 03)

oe used and should be recollected.

= Just before use, allow the cartridge, detection buffer and sample
to be at ream temperature about 30 minutes,

= jchroma™ HbAlc as well as the instrument for ichroma™ tests

should be used away from vibration and/or magnetic field.

During normal usage, it can be noted that instrument for

ichrama™ tests may produce minor vibratian,

Used detection buffer tubes, pipette tips and cartridges shauld

oe handled carefully and discarded by an appropriate method in

accordance with relevant local regulations.

= The mixture of Detection Buffer and Hemalysis buffer must be
wsed within 1 hour after mixing.

= An exposure to larger quantities of sodium azide may cause
certain health issues like convulsions, low blood pressure and
heart rate, loss of consciousness, lung injury and respiratory
failure.

= ichrema™ HbAlc will provide accurate and reliable results
subject to the following conditions.

- ichroma™ HbAlc should be used only in conjunction with
instrument for ichroma™ tests.

Any anticoagulants other than EDTA, sodium heparin, sodium
citrate should be avoided,

SSTORAGE AND STABILITY

®  The cartridge is stable tor 200 months (while sealed in an
aluminum foil pouch) if stored at 4-30"C.

= The detection buffer pre-dispenszed in a tube is stable for 20
months if stored at 2.8 *C.

= The hemolysis buffer dispensed in a vial is stable for 20 months
If stored at 4-30 °C.

= After the cartridge pouch is opened, the test should be
performed immediately.

LIMITATIONS OF THE TEST SYSTEM

= The test may yield false positive result(s] due to the cross-
reactions and/or non-specific adhesion of certain sample
components to the capture/detector antibodies.

= The test may yield false negative result. The non-responsiveness
of the antigen to the antibodies is most common where the
r_piwpe is masked by some unknown components, 5o as not to
be detected or captured by the antibodies. The instability or
degradation of the antigen with time and/or temperature may
cause the false negative as it makes antigen unrecognizable by
the antibodies.

- Other factors may interfere with the test and cause erroneaus
results, such as technical/procedural errors, degradation of the
test companents/reagents or presence of interfering substances
in the test samples.

= Anyclinical diagnosis based on the test result must be supported
by a comprehensive judgment of the concerned physician
Including clinical symptoms and other relevant test results.

=  The test enviranment conditions for ichroma™ HbAlc are as
follow.

- —— o Temperature: 20-30 °C

- Hurmidity: 10-70 %
- i-chamber target temperature: 30 °C

MATERIALS SUPPLIED
|ReA crpc-38

Campanents of ichroma™ HbAlc
®  Cartridge Box:

- Cartridges 25

= 1D Chip 1

= Instruction For Use 1
=  Detection Buffer Box

- Detection Buffer Tubes 25

- Hemaelysis Buffer Vial {3 mL) 1

MATERIALS REQUIRED B! UPPLIED ON DEMAND

Following iterms can be purchased separately from ichroma™ HbAlc.
Please contact our sales division for more information.

: FR2D3

FPRROZ1

[REF 12303

[REF FPRRODY

- Instrument for ichroma™ tests
- ichroma™ Reader

- Ichroma™ Il

- ichroma™ D
=  i-Chamber
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o
~ AOmE™ Frintee FPRACGT
Boditech HbA L Conirol CFPO-56
Boditech HBALe Calibrator IF{ CFPO-103
5 UL Caplitary tube EF EFPO-19

SAMPLE COLLECTION AND PROCESSING

The samele type for

* I recomme
coiletian,

" Sampres my

teted

AP Besteng wall be gl

froren at -7g +

ichrmma = MbALe i hyman whole bigad,

1be|t,urrdrnruploawula|

Chetk the campanents of the ichroma™ Hpale ag
Btlow, : Cartndge, [0 ehip, Instruetion for e, dedact
tube ang hemalysis bufer vl
LChsure thay the lot number of the test Tartrg,
10 chip, detection byffer as well 33 hemalysis
" Keep the sedled garpy)
Builer ana hemalysiz g
MinLtes juy Prior (ol
free and flat surface.
Turn on the WSIPLnent for e rama™ tpat,
Insert tha 1D chipinto the =g chip pore”,
Press the “Seleer” Buttan O the instrument far ichrama™ test,
{Please refer ta the Tnatfument far ichroma™ s Operation
manual” for camplete in farmation and operatlag instroctions.
Insert a cartridge inty | Charuber slat, Temprratare of scha mber
thould be 307C,

describegd
lon buytter

E2 Matches thay of
buller.
e Uf stored In refrigetatan), deection

vifer 3t room tempetature for atfeast 30

C byt Place the Ctridpe on g Lieg n, dust-

S A

A

Draw 100 L of hemalysis butter and transier it into delectian
buffer fube,
Oraw 5l of hingertip binod or Tube blaod wsing 5 pL eagpillany
tube and put the ca pillary tbe into she detection buffer tube.
Close the id ef the datection bulfer tubse and mix the sample
tharaughly by shak rig it about 15 times,
Take out the cartridge half from ¢ hamber slat,
Pipette out 75 wl of the samgle mistura and load it Into a
sample well in the gest carteldyp,
Wt till the samp'a misture flaw appears in the windows,
{abour 10 seconds)
70 Insert the cantnidge into i-Chamber s'oz [EL ]
Bl  Lrawve the eaflridge dn l-Chamber for 12 minutes before
remaving.
by Scon the semptelpaded cOf Eridge innadiztely when tha
dacutrariar fame 1 2ver i nas, it will eowse ingeact rEst resuly
8 7o scam the sample-loaded carridge, intert ot inio the
canridye halder of the inytrument for ieheama™ tests. Ensure
Proper onentaton of the cartridpe before pushing it all thes
way inside the cartrigdgn halder, An arrow has be er miarhed gn
the cattridge e4peclatly for this Purpose.
Press “Sefect” button on the instrument for ichroma™ tests to
start the scanning process.
Instrument for ichroma™ tests will stat sgan ning the sample-
laaded cartridge immediately.
13} Read the test resuli on the display screen of the Instrument
for ichrama™ tasts

5]

6)

10,

11

* nstrument for ichroma™ tests ealculates the test result
automatically and displays HbAle congentration of the test
sarmele in terms of % (NGSF), mmol/mol [IFCC), rrg/dL (eAG).

*  The cutoff freference ranpe

= NGSP{%):45-65%

= WCC{mmol/mel); 36-48 mmal/mol
*  Worklng range

= NGSP[%):4-15%

- IFEC fmmalfmel}: 20.2-140.4 memolfmal
= eAG (mg/dL): 68.1-333.8 mg/dL

Quality control tests are a part of the goed testing practice to
confirm the expected results and validity of the assay and should

Nded to test the sample within 12 houry after

28 *C prior to being

be performed at regulat Intervals.

The control 1ests shautd be perfarmed immediately after

OP2AINg & rew test |oy 1a *niure the test performance & pol
alrered

Quality contral tests should alsg be prrformed whenever there
3y questaon Sonceming the validity of the test results.
Control materials are nol provided with Iehroma™ HbALe. For
Mere Infarmation regarg obtaining the control materats,
contict feditech Meg | le3 Divtsion for asiistance.

Pieate reter to thy Instruction for use of controd material.|

EERFORMANCE CHARACTERISTICS
" Analytical Specificiey
= leHuchTv
There was ng HBRIficant crass-teactivity from these materials
wath the [chrom

2™ HbALe test measurements.

Teantard matena ore
e T S — [¥L) atn [TEL)

T o 1 R

el T TR ree ) CD T

LED iy e 0 ima

["’-"“"\Eu—!nuxulﬁ-ﬂ ) W [
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= Intarferepce

There was no significant |nierterence from these materials with
the Ichroma™ |

A1 test measurements.
—

L ]

ImerToEic g arigd [arm A [ErEY
i Amcoty w1

Ty | it~ w3 L
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®  Precislon

Tha iNtra-assay prechion was cakulated by one rvaludlor, who
tested difiirent concantration of control stangard five times cach
W th thiee dalferent lots of Ichrema™ HeAle,

. [ ALCUTH

Hiadcin] Lot Let2 Lot 3 L) 53 ma [
52 L] S8 5 513 aLlr L 06
[ X0 Bl [ X1 ol 1w aLg
115 B L3 e 1038 1088 p13 qap 16 ]

The inter-assay precicien was confirmed by 3 differen evaluators

with 3 dffereat lots, testing fam times each ditferent
Lancaniration.
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FikALe W)
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Comparabllity;

HbAlC concentrations of 200 clinical samples were guantified
indeperdently with ichroma™ HBAle and Roche Cobas
IntegraSC0 as per prescrbad test procedures. Test results were
compared and their comgargbitity was irvestipated with Lnear
regressicn and caellicent of correlation (R). Linear regression
and coefficiont of correlation between the twa tests ware

1,0025% - 0.2003 and R = BESSrewpectively.

409
_tam v= 1.00251-0.2002 ey
R=0.955% s =4
s10W re=Z00 >
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