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Abstract

Background: Gall stones formation is a multifactorial process and many
studies have shown that insulin resistance is one of the associated
factors; previous studies have been established to link between insulin
resistance and gall stones disease. This study aims to evaluate insulin
resistance index (HOMA-IR) among gall stones patients in Khartoum
state.

Materials and methods: sixty individuals were enrolled in this study
and divided into two groups, thirty patients with gall stones and thirty
apparently healthy individuals as control group. Fasting plasma glucose
and serum insulin were measured using fully automated devices, and
then HOMA-IR was calculated.

Results: results showed that the insulin resistance index (HOMA-IR) is
significantly increased in gall stones patients when compared to control
group p-value =0.001

The study showed insignificant difference in mean concentration of
glucose and insulin resistance index among sex with p -value =0.611 and
0.623 respectively. But the study showed that there is significant increase
in mean concentration of insulin among males with p- value=0.045.

Also the study showed that there were insignificant correlation between
age and HOMA-IR and between BMI and HOMA-IR, but there is strong
positive correlation between HOMA-IR and glucose and insulin with p-
value =0.000 for both,

Conclusion: The data suggested that the risk of gallstone formation
increased in female, obese, postmenopausal women and was associated

with changes in insulin resistance index.
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CHAPTER ONE

INTRODUCTION AND LITERATURE REVIEW



1.1 Introduction

A gallstone is a solid crystal deposit that forms in the gallbladder, which is
a pear-shaped organ that stores bile salts until they are needed to help
digest fatty foods. Gallstones can migrate to other parts of the digestive
tract and cause severe pain with life-threatening complications (Hale et
al., 2005).

Cholelithiasis is common with incidence ranging from 10 — 20% of world
population. The incidence is a four times higher in women than in men
(Rosai, 1996).

Prevalence rate is difficult to determine because calculous disease may
often be asymptomatic. There is great variability regarding the worldwide
prevalence of gallstone disease. High rates of incidence occur in the
United States, Chile, Sweden, Germany, and Austria. The prevalence
among the Masai peoples of East Africa is 0% whereas it approaches 70%
in Pima Indian women. Asian populations appear to have the lowest
incidence of gallstone disease. In the United States, approximately 10—
15% of the adult population has gallstones, with approximately one
Million cases presenting each year. Gallstones are the most common
gastrointestinal disorder requiring hospitalization (Rosai, 1996).

In Sudan no literature was found.

Insulin resistance is a state in which there are impaired biological and
physiological responses to insulin in tissues (Hunter and Garvey, 1998).
Researcher associate between insulin resistance and pathogenesis of gall
stones (Sang et al., 2011). Therefore the present study hypothesizes that

insulin resistance associated with gall stones in Sudanese population.
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1.2 Definition of gallstones

A gallstone is a solid crystal deposit that forms in the gallbladder, which is
a pear-shaped organ that stores bile salts until they are needed to help
digest fatty foods. Gallstones can migrate to other parts of the digestive
tract and cause severe pain with life-threatening complications (Hale et
al., 2005).

1.2.1Types of gallstones

Mixed cholesterol gall stones consist of 50 — 80% cholesterol and are
slightly more common than pure cholesterol stones. Black pigment stones
are either composed of pure calcium bilirubinate or polymetalite
complexes with calcium, cupper and large amount of mucin
glycoproteins. A regular crystalline structure is not present; they are
usually small, multiple with rough surfaces. Brown pigment stones
composed of calcium salts of fatty acids and unconjugated bilirubin with
varying amount of cholesterol and proteins .these stones are usually found
in bile ducts (Mahtoob, 2009).

1.2.2 Pathogenesis

Three defects involved in gall stones formation, cholesterol super
saturation, accelerated nucleation and gall bladder hypomobility. The
molar proportion of cholesterol, phospholipids and bile acids in bile are
often represented on triangular coordinates each side of triangle shows the
molar fraction represented by its constituents .Cholesterol is secreted into
bile by hepatocytes with the help of rate limiting enzyme HMG.COA
reductase. It is virtually insoluble in bile by association with bile salts and
phospholipids in form of mixed micelles and vesciles. Cholesterol gall
stones forms when cholesterol concentration in bile exceeds the ability of
bile to hold it in solution so that crystals form and grow as stones
(Mahtoob, 2009).

15


http://medical-dictionary.thefreedictionary.com/pain

1.2.3 Cholesterol saturation index (CSI)

CSl is the ratio of cholesterol content to the maximum micellar solubility
of bile. A CSI of more than 1 indicates that the bile is supersaturated with
cholesterol and given other precipitating factors could lead to formation of
stones (lithogenics) (John, 2009).

1.2.4 Risk factors for gall stones

Risk factors for gall stones formation include:

1.2.4.1 Age

The incidence of gallstone disease increases with age. Symptomatic
calculous disease of the biliary tract is rare before the age of 20, and when
found in this group, is commonly among patients with chronic
predisposing conditions such as cystic fibrosis or hemolytic anemia.
(John, 2009)

1.2.4.2 Drugs

Many drugs have been implicated in gallstone disease. The most common
offenders include ceftriaxone, clofibrate, oral contraceptives, estrogen
replacement, progestogens, and octreotide. Some drugs are secreted into
bile and may complex, precipitate, and form stones. Other compounds can
produce gallbladder stasiswith concomitant increases in cholesterol
secretion into bile (John, 2009).

1.2.4.3 Gender

The prevalence of gallstones is higher in women than men. Studies have
shown that gallstone disease is common in young women but rare in
young men. However, the difference narrows with increasing age. It is
presumed that the reason for this gender difference is hormonal. Serum
estrogen increases (especially during pregnancy) promotes biliary
cholesterol saturation and increased progesterone may lead to inhibition of
the contraction of the gallbladder (John, 2009).
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1.2.4.4 Geography and Ethnicity

The Pima Indians of Arizona have the highest prevalence of gallstones
worldwide. Ninety percent of Pima women over the age of 65 have
gallstone disease. The Micmac Indians of Canada, Hispanics, and
Mexican American women also have a higher prevalence of gallstone
disease, as do both men and women in Norway and Chile. The risk
appears to be lower in blacks. No genes have been identified in humans
that are conclusively linked to gallstone development (John, 2009).

1.2.4.5 Obesity

Obesity is a significant risk factor for gallstone disease, especially in
women. Studies have demonstrated that overweight women with a body
mass index (BMI) greater than or equal to 30 kg/m2 have double the risk
of gallstone disease when compared with normal weight women with less
than 25 kg/m2. Cholesterol hypersecretion (associated with obesity) is a
major pathogenic factor. Gallstone disease has also been associated with
the regional distribution of fat. High central or truncal adiposity has been
positively correlated with risk of gallstone disease. Physical activity and
diet have been studied independently as risk factors for gallstone disease.
Increased vigorous physical activity and recreational activity appear to
reduce gallstone disease risk (John, 2009).

1.2.4.6 Weight Loss

An increased risk of gallstone disease may be found among individuals
who undergo rapid weight loss on very low calorie diets. Gallstone
formation is one of the most significant complications of voluntary weight
loss plans. In these instances, cholesterol is activated from adipose tissue
and secreted into the bile. This leads to cholesterol super saturation and
diminishes gallbladder contraction, producing stasis. Studies have shown

that individuals on weight loss plans, either dramatically reduced calorie
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diets or surgical weight-loss procedures, have a higher incidence of
development of gallstone disease when compared to those who are not
dieting. Weight fluctuation may also be a risk factor (John, 2009).

1.2.5 Symptoms of gall stones

Most cases of gallstones don't cause any symptoms. But ifa
gallstone blocks one of the bile ducts, it can cause sudden, severe
abdominal pain, known as biliary colic. Other symptoms may develop if
the blockage is more severe or develops in another part of the digestive
system (Warting et al., 2016).

1.2.5.1 Abdominal pain (biliary colic)

Gallstones can cause sudden, severe abdominal pain that usually lasts one
to five hours (although it can sometimes last just a few minutes). The pain
can be felt in the center of abdomen (tummy) or just under the ribs on
right-hand side it may spread from hereto side or shoulder blade.
When gallstones cause episodes of biliary colic, it is known as
‘uncomplicated gallstone disease (Warting et al., 2016).

1.2.5.2 Other symptoms

In a small number of people, gallstones can cause more serious problems
if they obstruct the flow of bile for longer periods or move into other
organs (such as the pancreas or small bowel). If this happens, you may
develop a high temperature of 38C (100.4F) or above, more persistent
pain, a rapid heartbeat, yellowing of the skin and whites of the eyes
(Jaundice), itchy skin, diarrhea, chills or shivering attacks, confusion and
loss of appetite (Warting et al., 2016).

1.2.6 Management

Although the natural history of gallstones is generally benign, the
physician must decide whether treatment is needed. When considering

gallstones, it is helpful to categorize patients into the following groups:
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those with incidentally detected, asymptomatic gallstones; with
symptomatic gallstones; with atypical symptoms and gallstones on
Imaging; and with typical symptoms but no gallstones on imaging.
Expectant management is the best approach for patients with incidentally
detected, asymptomatic gallstones. However, even in these patients,
cholecystectomy may be indicated in certain circumstances, such as in
patients planning to have a transplant and patients with hemolytic anemia
(Sherly et al., 2005).

1.3 Insulin definition

Insulin is a peptide hormone produced by beta cells of the pancreatic
islets, It regulates the metabolism of carbohydrates, fats and protein by
promoting the absorption of glucose from the blood into fat, liver and
skeletal muscle cells (Stryer and Lubert, 1995).

1.3.1 Insulin secretion

B-cells are excitable endocrine cells that secrete insulin. Glucose-
stimulated, KATP channel dependent pathway starts with intracellular
transport of extracellular glucose by glucose transporter (GLUT2).
Intracellular glucose undergoes cytosolic glycolysis catalyzed by
glucokinase. Pyruvate, a product of glycolysis, is shuttled into
mitochondria as a substrate of the tricarboxylic acid cycle with production
of adenosine triphosphate (ATP). As a result, cytosolic ATP levels are
elevated and adenosine 5 -diphosphate (ADP) levels reduced. Increased
cytosolic ATP/ADP ratio closes an ATP-sensitive K+ channel, KATP,
which results in discontinued K+ outflow, thus depolarizing the B.cell
membrane. Voltage-dependent calcium channels (VDCCs) on the cell
membrane are opened by depolarization, and calcium influx increases
intracellular calcium (phasel), which, in turn, activates calcium-dependent

calcium release from the endoplasmic reticulum (phase 2). The resultant
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biphasic increase in intracellular calcium triggers fusion of secretory
vesicles with the plasma membrane and insulin is released. The KATP
channel plays the crucial role of converting metabolic to electric signals.
All components of glucose- stimulated, KATP channel-dependent insulin
secretion are found in several other cell types, except for the KATP
channel, which is unique for B. cells (a similar channel is also found in
muscle and brain) (Bonner-Weir, 2000).

1.3.2 Insulin action

Insulin play a role in metabolism as follow:

1.3.2.1 Insulin and carbohydrate metabolism

Glucose is liberated from dietary carbohydrate such as starch or sucrose
by hydrolysis within the small intestine, and is then absorbed into the
blood. Elevated concentrations of glucose in blood stimulate release of
insulin, and insulin acts on cells throughout the body to stimulate uptake,
utilization and storage of glucose. The effects of insulin on glucose
metabolism vary depending on the target tissue. Two important effects
are: Insulin facilitates entry of glucose into muscle, adipose and several
other tissues. The only mechanism by which cells can take up glucose is
by facilitated diffusion through a family of hexose transporters. In many
tissues (muscle being a prime example) the major transporter used for
uptake of glucose (called GLUT4) is made available in the plasma
membrane through the action of insulin. When insulin concentrations are
low, GLUT4 glucose transporters are present in cytoplasmic vesicles,
where they are useless for transporting glucose. Binding of insulin to
receptors on such cells leads rapidly to fusion of those vesicles with the
plasma membrane and insertion of the glucose transporters, thereby giving
the cell an ability to efficiently take up glucose. When blood levels of

insulin decrease and insulin receptors are no longer occupied, the glucose
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transporters are recycled back into the cytoplasm. It should be noted here
that there are some tissues that do not require insulin for efficient uptake
of glucose: important examples are brain and the liver. This is because
these cells don't use GLUT4 for importing glucose, but rather, another
transporter that is not insulin-dependent. The second effect is that Insulin
stimulates the liver to store glucose in the form of glycogen. A large
fraction of glucose absorbed from the small intestine is immediately taken
up by hepatocytes, which convert it into the storage polymer glycogen.
Insulin has several effects in liver which stimulate glycogen synthesis.
First, it activates the enzyme hexokinase, which phosphorylates glucose,
trapping it within the cell. Coincidently, insulin acts to inhibit the activity
of glucose-6-phosphatase. Insulin also activates several of the enzymes
that are directly involved in glycogen synthesis, including
phosphofructokinase and glycogen synthase. The net effect is clear: when
the supply of glucose is abundant, insulin “tells" the liver to bank as much
of it as possible for use later. A well-known effect of insulin is to decrease
the concentration of glucose in blood, which should make sense
considering the mechanisms described above. Another important
consideration is that, as blood glucose concentrations fall, insulin
secretion ceases. In the absence of insulin, a bulk of the cells in the body
become unable to take up glucose, and begin a switch to using alternative
fuels like fatty acids for energy. Neurons, however, require a constant
supply of glucose, which in the short term, is provided from glycogen
reserves. When insulin levels in blood fall, glycogen synthesis in the liver
diminishes and enzymes responsible for breakdown of glycogen become
active. Glycogen breakdown is stimulated not only by the absence of
insulin but by the presence of glucagon, which is secreted when blood

glucose levels fall below the normal range (Ahima and Lazar, 2008).
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1.3.2.2 Insulin and lipid metabolism

The metabolic pathways for utilization of fats and carbohydrates are
deeply and intricately intertwined. Considering insulin's profound effects
on carbohydrate metabolism, it stands to reason that insulin also has
Important effects on lipid metabolism, include: Insulin promotes synthesis
of fatty acids in the liver. Insulin is stimulator to synthesis of glycogen in
the liver. However, as glycogen accumulates to high levels (roughly 5%
of liver mass), further synthesis is strongly suppressed. When the liver is
saturated with glycogen, any additional glucose taken up by hepatocytes is
shunted into pathways leading to synthesis of fatty acids, which are
exported from the liver as lipoproteins. The lipoproteins are ripped apart
in the circulation, providing free fatty acids for use in other tissues,
including adipocytes, which use them to synthesize triglyceride. Insulin
inhibits breakdown of fat in adipose tissue by inhibiting the intracellular
lipase that hydrolyzes triglycerides to release fatty acids. Insulin facilitates
entry of glucose into adipocytes, and within those cells, glucose can be
used to synthesize glycerol. These glycerols, along with the fatty acids
delivered from the liver, are used to synthesize triglyceride within the
adipocyte. By these mechanisms, insulin is involved in further
accumulation of triglyceride in fat cells. From a whole body perspective,
insulin has a fat-sparing effect. Not only does it drive most cells to
preferentially oxidize carbohydrates instead of fatty acids for energy,
insulin indirectly stimulates accumulation of fat in adipose tissue (Ahima
and Lazar, 2008).

1.3.2.3 Other notable effects of insulin

In addition to insulin's effect on entry of glucose into cells, it also
stimulates the uptake of amino acids, again contributing to its overall

anabolic effect. When insulin levels are low, as in the fasting state, the
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balance is pushed toward intracellular protein degradation. Insulin also
increases the permeability of many cells to potassium, magnesium and
phosphate ions. The effect on potassium is clinically important. Insulin
activates sodium-potassium ATPases in many cells, causing a flux of
potassium into cells. Under certain circumstances, injection of insulin can
Kill patients because of its ability to acutely suppress plasma potassium
concentrations (Ahima and Lazar, 2008).

1.3.3 Mechanism of Insulin resistance

Insulin resistance pathologically grows through many interactions of
genotype lifestyle change mainly sedentary life and over eating (Pratley
RE, 1998). Physiologically, many circulating factors regulate insulin
sensitivity in target tissue such as adipokines, plasma lipid and circulating
hormones plus their signaling pathways (Ahima and Lazar, 2008).

There is neuroendocrine axis involve adipose tissue with brain and gut
which regulate Insulin metabolism by adjusting insulin sensitivity in
target tissues (Zac and Tan, 2010).

Adipokines are hormone secreted by adipocytes store where some
stimulate and other inhibit insulin sensitivity. In peripheral tissue insulin
action is stimulated by Leptin and adiponectin. On the other hand, TNFa,
resistin, IL-6, and retinol binding protein 4 suppress insulin sensitivity
(Beale, 2015).

Although metabolism and nutrition are regulated by adipocyte derived
factors pattern of life, overweight and genetic can disturb this balance
(Romao and Roth, 2008). It is found that during obesity there is increase
in level of inhibitory adipokines and circulating fatty acids (Ahima and
Lazar, 2008).
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1.3.4 Factors influence insulin sensitivity

Obesity and fat distribution, centrally (abdomen and waist) placed adipose
tissue especially in the viscera are implicated in insulin resistance, also
two molecular peptides are suspected: Leptin and Adiponectin ,increase in
age reduces insulin sensitivity, Insulin resistance has been attributed to
multiple gene mutations which are not well understood, exercise and
physical fitness, Dietary nutrients ,medications like growth hormones,
steroids and nicotinic acid reduces insulin sensitivity (Nolan et al., 2013).

1.3.5 Causes of insulin resistance

There are many factors lead to development of insulin resistance. The
major leading causes are overweight, sedentary life style and genetic
factors. Some other factors contribute in some ways of development of
insulin resistance. Most important are obesity, physical inactivity, and
genetic factors. Other factors that may affect the degree of insulin
resistance are diet composition, aging, and hormones (particularly
glucocorticoids and androgens). High-carbohydrate diets reproduce some
of the features of the metabolic syndrome. There are several factors that
are postulated after several studies that cause insulin resistance. There are
three main ones that converge on common pathways that inhibit insulin
action, they are: the accumulation of ectopic lipids and its metabolites, the
development of ER stresses and the activation of the unfolded Protein
response (Shulman and Gerald, 2000).

The association of ectopic lipid accumulation and insulin resistance has
been universally established. It acts at the glucose transport level GLUT4
at the cell membrane that responds to insulin signaling thereby impairing
insulin signaling. The activation of the unfolded protein response (UPR)

also known as endoplasm reticulum stress which positively gives cells the
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capacity to adapt to changes especially the b-cells of islet (Hirosumi,et al.,
2002).

1.3.6 Diagnosis

It is inapplicable to measure insulin resistance in isolation. The choice of
the test or method used depends on type and size of study undertaken.
Insulin resistance different assessment methods Include: Euglycaemic
clamp (gold standard),short insulin tolerance test( ITT), homeostatic
model assessment( HOMA), continuous infusion of glucose with model
assessment (CIGMA), frequently sampled intravenous glucose tolerance
test (FSIVGTT) and insulin suppression rest (IST) (Wallace and
Matthews, 2002).

The standards ways for measurement of insulin resistance in field of
research are intravenous glucose tolerance test (IVGTT) plus euglycemic
insulin clamp on the other hand they are unpractical in clinical daily
practice and are uneasy to carry out in population-based research studies
(Ferrannini and Mari, 1998).

1.3.7 Management

The main step in management of insulin resistance is nutrition which
include low caloric intake to reverse over weight and obesity plus
adjustment of carbs in diet to avoid aggravation of excess Insulin (Geor,
2013).

American Diabetes Association (ADA) recommends to start with lifestyle
change including diet modification and exercise as first line for
management of type 2 diabetes mellitus. If no achievement was notice
within 3 month; drugs will be the second choice. There are around six
hypoglycemic drugs used such as Insulin, Sulfonylureas, Meglitinides,
Biguanides, Alpha glucosidase inhibitors, Thiazolidinediones (Barrett,
2006).
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It is unluckily that no perfect drugs are available for treating insulin
resistance per sea.While metformin is the only drug which reduces insulin
resistance (Barrett, 2006).

1.4 Hyper insulinemia and gall stone disease

Hyperinsulinemia has been shown to interfere with cholecystokinin
(CCK) action at the gallbladder. Normally, CCK binds to receptors on
gallbladder muscle cells to begin contraction and emptying of bile from
the gallbladder. Excessive insulin interferes with CCK action at the
receptor level, which leads to impaired contraction_(Barrett, 2006).

1.5 Background studies

Cynthia et al. performed a case control study to determine if the insulin
resistance is associated with gall stones during pregnancy. Cases were 205
women with gall stones during pregnancy and 443 randomly selected
women without gall stones during pregnancy. Fasting serum glucose and

insulin were measured at 26-28 weeks gestation. Insulin resistance was
measured by the homeostasis model. They found that Insulin resistance

may represent a causal link between obesity and overweight and
gallstones (Cynthia et al., 2008).

Kimet al. conducted a case-control study for the evaluation of the
association between gallstone diseases and fasting
serum insulin level, insulin resistance in non-diabetic Korean general
population. 118 Korean subjects were enrolled in the study. Serum
fasting insulin levels were determined by radioimmunoassay and
concentrations of glucose by standard enzymatic colorimetric
method. Insulin resistance was determined by the homeostasis model
assessment (HOMA-IR). Body mass index (BMI) was also measured.
They suggested that hyperinsulinemia and insulin resistance could be
associated with gallstone formation in individuals without clinical
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diagnosis of diabetes mellitus and with normal serum glucose level (Kim
et al., 2007).
Alireza —Ansari et al. carried out cross sectional study on a total of 1522
males and females aged >30 year to evaluate the prevalence and possible
risk factors of gallstone disease in the general population (Alireza —Ansari
et al., 2015).
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1.6 Rationale

In Sudan gall stone disease is in increase especially in obese females who
are over 40 years old, it can cause many complications if left untreated.
Insulin action is affected largely by cholesterol gall stones. In this study
insulin is considered because insulin is a vital hormone which regulates
blood glucose level and any disturbances in insulin level or insulin action
will cause serious problems that require a medical intervention.

Several studies hypothesise that insulin resistance index increase in

patients with gall stones.
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1.7 General objectives

To assess insulin resistance index (HOMA-IR) among gall stones patients
1.8 Specific objectives

1- To measure fasting blood glucose and fasting blood insulin.

2- To calculate insulin resistance index (HOMA-IR).

3- To measure incidence of disease among pre-menopausal and post-
menopausal women.

4- To correlate BMI with GSD and HOMA-IR with age, BMI, glucose

and insulin.
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CHAPTER TWO

MATERIALS AND METHODS



2.1 Study design

Comparative cross sectional study conducted during the period from
March to May 2017.

2.2 Study area

This study was carried out in IBN SINA hospital in Khartoum state

2.3 Study population

Thirty patients with gall stone disease and thirty apparently healthy
individuals were enrolled in this study.

2.4 Inclusion criteria

Overnight fasting specimens were collected from patients with gall stone
disease and from apparently healthy individuals.

2.5 Exclusion criteria

Diabetic patients were excluded.

2.6 Collection of sample

Fasting blood samples were collected by using dry, plastic syringes,
tourniquet was used, and 5ml of blood was withdrawn, equal volume of
blood was dispensed in a fluoride oxalate and plain containers. Fluoride
oxalated blood separated as soon as possible by centrifugation at 4000rpm
to obtain plasma and stored at 20-c.

Blood in Plain containers were allowed to clot at room temperature then
they were centrifuged at 4000rpm to obtain serum and stored at20°C.

2.7 Ethical considerations

Study was approved from ethical committee of the Sudan University of
science and technology. All patients were verbally approved to

participate.
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2.8 Estimation of glucose

There are many methods used for estimation of glucose, one of these
methods which is common is glucose oxidase method.

2.8.1 Principle

Glucose oxidase (GOD) catalyzes the oxidation of glucose to gluconic
acid. The formed hydrogen peroxide (H202) is detected by a
chromogenic oxygen acceptor, phenol; 4-aminophenazone (4-AP) in the
presence of peroxidase (POD).The intensity of the color formed is
proportional to the glucose concentration in the sample.

2.8.2 Procedures

Fully automated device is used (COBUS).

2.9 Estimation of insulin

Insulin measurement achieved mainly depending on immunoassays.

2.9.1 Principle

The Merocodia Insulin ELISA is a two-site enzyme immunoassay
utilizing the direct sandwich technique with two monoclonal antibodies
directed against separate antigenic determinants of the insulin molecule.
Specimen, control, or standard is pipetted into the sample well, and then
followed by the addition of peroxidase-conjugated anti-insulin antibodies.
Insulin present in the sample will bind to anti-insulin antibodies bound to
the sample well, while the peroxidase-conjugated anti-insulin antibodies
will also bind to the insulin at the same time. After washing to remove
unbound enzyme-labeled antibodies, TMB-labeled substrate is added and
binds to the conjugated antibodies. Acid is added to the sample well to
stop the reaction, and the colorimetric endpoint is read on a microplate

spectrophotometer set to the appropriate light wavelength.
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2.9.2 Procedures

Fully automated device (Tosoh) is used.

2.10 Calculation of insulin resistance index

Insulin resistance index is calculated using HOMA equation which state

that:

IR=FBG (mmol/l) x fasting insulin (uU/ml)

22.5

2.11 Statistical analysis

All data were analyzed using SPSS version 21:

Descriptive statistics (percentage, mean and SD) were
obtained.

Independent T-test was performed for comparison between
study variables.

Person correlation test was done to correlate between results
of variables, results expressed as mean +/- SD, significant

difference considered as P-value less than 0.05.
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CHAPTER THREE
RESULTS



3. Results

Thirty blood samples were collected from patients with gall stones (cases)
from Ibn Sina Teaching hospital during the period from March to May
2017. Another thirty samples were collected from apparently healthy
individuals (control). The level of glucose and insulin was measured for
both groups then insulin resistance index was calculated and data obtained
was analyzed using SPSS 20.

73% of patients were females and 27% of them were males as shown in
figure (3.1).

63.3% of patients were post-menopausal women and 36.7% of them were
pre-menopausal women as shown in figure (3.2).

36.7% of patients had a normal weight, 30% of them were over weighted
and 33.3% of them were obese as shown in table (3.1).

There was a significant increase in the mean concentration of insulin
resistance index of cases in comparison to control (5.57£4.19),
(2.81+£1.61) respectively with p-value being =0.001 as shown in table
(3.2).

The mean of body mass index is higher in cases (28.2+6.98) than in
control (25.6+3.84) as shown in table (3.2).

There was no significant difference in glucose level between males
(166£33.3) and females (159+35.8) with p-value being=0.611, also there
was significant increase in insulin level of males (18.4£8.14) in
comparison to females (12.5+7.71) with p-value being =0.045 and there
was insignificant difference in insulin resistance index between males
(5.57+4.19) and females (5.34+3.99) with p-value being =0.623 as shown
in table (3.3).

There was no correlation between age and insulin resistance index
(r=0.179, p = 0.343) as shown in figure (3.3).
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There was no correlation between BMI and insulin resistance index (r
=0.104, p =0.586) as shown in figure (3.4).

There was moderate positive correlation between glucose level and insulin
level(r = 0.579, p=0.001) as shown in figure (3.5).

There was strong positive correlation between glucose level and insulin
resistance index(r = 0.788, p = 0.000) as shown in figure (3.6).

There was strong positive correlation between insulin resistance index and
insulin level(r = 0.755, p =0.000) as shown in figure (3.7).
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Figure (3.1): sex distribution among patients
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Figure (3.2): Distribution of age among patients
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Table (3.1): the frequency and percentage of patients BMI

BMI Frequency | Percentage (%)
Normal Weight 11 36.7 %
Overweight 9 30.0%
Obese 10 33.3%
Total 30 100.0 %
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Table (3.2): Mean concentration of glucose, insulin, IR index and

BMI in case VS control groups

Case Control
Parameters P-value
(MeanzSD) (MeanzSD)
Glucose (mg/dL) 161 +£34.8 106+17.7 0.000
Insulin (pu/mL) 14.148.94 10.245.16 0.043
IR 5.57+4.19 2.81+1.61 0.001
BMI 28.2+6.98 25.6+3.84
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Table (3.3): mean concentration of glucose, insulin and IR index in

males VS females

Male Female
Parameters P-value
(MeanzSD) (MeanzSD)

Glucose

166+33.3 159+35.8 0.611
(mg/dL)
Insulin (pu/mL) 18.4+8.14 12.5+7.71 0.045
IR 6.21+4.94 5.34+3.99 0.623
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Figure (3.3): correlation between age and insulin resistance (r = 0.179,
p =0.343)
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Figure (3.4): correlation between BMI and IR
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Figure (3.5): correlation between insulin level and glucose level (r =
0.579, p=0.001)
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Figure (3.6): correlation between insulin resistance index and glucose
level (r =0.788, p = 0.000)
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CHAPTER FOUR

DISCUSSION, CONCLUSIONS AND
RECOMMENDATIONS
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4.1 Discussion

A gallstones disease is a worldwide disease and it is known to be one of
the most common health problems leading to surgical intervention. Gall
stones formation is a multifactorial process and many studies have shown
that insulin resistance is one of the associated factors. Therefore we
conducted this descriptive cross-sectional study to assess the insulin
resistance index (HOMA-IR) and it's correlation with the study variables
among gall stones Sudanese patients in Khartoum state.

Analyses of frequency showed that gallstone disease is more common in
females than in males with percent (73% females and 27% males) with

fold 2.7: 1. This finding in agreement with across sectional study
which carried out in Iran on a total of 1522 males and
females, they found that females were 2.73 times more likely to
have disease compared to males (Alireza-Ansari, 2015). This could
be possibly due to sex hormone estrogen differences
(Murshid, 1998). Estrogen known as the primary sex hormone
in females, this hormone may increases the cholesterol
saturation in bile and it could probably lead to
cholesterol gallstone formation (Sharma et al., 2013).

The present study showed that the frequencies of premenopausal and
postmenopausal females among gallstone patients are (63.3%) and
(36.7%) respectively with fold 1.7:1 .This is similar to results of a study in
Taiwan which confirmed that increasing age had a direct relationship with
the development of gallstones (ChenCY et al., 1998), this may be due to
the long-term exposure to other risk factors irrespective of locality or
standard of living (Shlomo et al., 2011).
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Also the present study showed that the majority of patients have an
abnormal weight with percent 63.3% (30% of them were overweight
while 33.3% were obese), and 36.7% have a normal weight. This means
that the risk of disease is 1.7 times higher with abnormal weight .This
finding in agreement with a prospective case-control study performed on
118 Korean subjects and found that there is significant association
between abnormal weight and gall stones disease (Kim et al., 2007).

Results of the present study revealed significant increase in the mean
concentration of glucose, insulin and insulin resistance index (HOMA-IR)
in gall stones patients when compared with control group (p-value =0.000,
0.043 and 0.001) respectively. Similar results from previous case-control

study found that Insulin resistance is associated with gall stones disease
(Cynthia et al., 2008).

Also the study showed that there were insignificant differences in mean
concentrations of glucose and insulin resistance index of males in
comparison with females (p-value =0.611and 0.623) respectively. Sarah et
al. conducted community- based longitudinal cohort of 292 children
studied annually from 9 to 16 years to associate between glucose, insulin
resistance index and gender. They concluded that at 16 years the gender
difference was not significant (Sarah et al., 2017).

This study revealed significant increase in the mean concentration of
insulin of males in comparison to females (p-value =0.045). Contrary to
what was reported by other researchers (Luz-Marina et al, .2007), who
found no differences in insulin between girls and boys. This attributed to
differences in study subjects; males in this study were elder.

In this study we found that there were no correlation between age and
insulin resistance index (r = 0.179, p = 0.343).This finding is similar to a
Non-matched case-controlled study in a university hospital in Mexico
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City, in which two hundred and eighty-seven subjects were included
(Nahum et al., 2005).

Researches and data indicate a correspondence between greater obesity
and higher insulin resistance. A cross-sectional study was performed to
examine the relationship between BMI and insulin resistance in US adults,
Data were obtained from the National Health and Nutrition and
Examination Surveys (1999-2006), concluded that BMI is strongly
correlated with insulin resistance (Keilah et al., 2017). This finding is not
in a line with our results which show that there was no correlation
between BMI and insulin resistance (r =0.104, p =0.586). This
mismatching is probably due to difference in subjects, in this study the
correlation was done for gall stones patients, whom have a high BMI and
high insulin resistance index.

More ever, personal correlation results show strong positive correlation of
insulin resistance index with fasting glucose and fasting insulin level (r =
0.788, p = 0.000) and (r = 0.755, P =0.000) respectively. This finding
confirmed by a study in Venezuela in which Fasting insulin and glucose
were measured in 418 children and adolescents (191 boys and 227 girls)
then HOMA- IR was calculated. A significant correlation was found
between insulin and glucose with HOMA- IR concentrations, which was
expected, because HOMA-IR values are derived from insulin and glucose

concentrations (Luz-Marina et al, .2007).
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4.2 Conclusions

The data suggests that, gallstones disease is common in Sudanese post-
menopausal females than males and obese subjects being more susceptible
to gall stones disease. HOMA-IR is higher in gallstones patients.
Moreover, insulin resistance index not correlate with age and BMI while
the insulin resistance index is positively correlate with glucose and
insulin. Thus HOMA-IR should be monitored for gall stones patients to
predict and diagnose related complications.

4.3 Recommendation

Estimation of lipid profile is recommended as further study and also to
study the nutritional status and lifestyle as risk factors for gall stones

formation.
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an Vel Al
Sudan University for Science and Technology
Collage of Graduated studies
Clinical Chemistry Department
Assessment of insulin resistance index (HOMA-IR) among

gall stones patients

Questionnaire NO: ................ Date......coovvviiiiiiiiina
AL i SeX: v,
Residence: urban (........ ) Rural (........... )
Body weight (kg): ................ Body height (cm): .............
Body mass INAeX: ....ouiiiiiii e
Other diSEASE: ......viee e,
DU S USE: ettt e
Have you ever been used contraceptive?  Yes (...... ) No (........ )
Type of contraceptive oral (....... ) injection (....)
Age at first menses: .............. Age at last menses: .............
Premenopausal (........ ) Postmenopausal (........ )
Investigations:
LH Level: o
FSH Level: ..o
Insulin level.. ... ..o
Blood glucose level: ..o
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GOD-POD. Liquid
Quantitative determination of glucose SPIN640 APPLICATION
Vo TEST INFORMATION REAGENT VOLUME
Ne - Vol. R1 300
Store at 2-8°C Test GLU Vol. R2
Full N: Glucose Vol. R3
PRINCIPLE OF THE METHOD AN 5 g
Glucose oxidase (GOD) catalyses the oxidation of glucose to
gluconic acid. The formed hydrogen peroxide (HzO-), is detected D i
by a ch ic oxygen acceptor, phenol, 4 — aminophenazone Vol Supie Stand. 3 Decimey ZI v 1
(4-AP) in the presence of peroxidase (POD): irtmhhmson Aing SRE/CK feter- 510
GOD _ R Vol. Sample Dec
p-D-Glucose + Oz + H2O ——— Gluconic acid + H202
POD . REACTION PARAMETERS ) )
H,0, + Phenol + 4-AP ———» Quinone + H,0 Reac. Type End Point Direction Increase
Pri. Wave. 505 Reagent Blank 10-11
The intensity of the color fom\ed is proportional to the glucose Sec. Wave. React. Time 79-80
concentration in the sample JUDGEMENT CRITERIA
Absorbance -30000/30000 Lin. Range 0-500
CLINICAL SIGNIFICANCE Incre.Test Lin. Limit
Glucose is a major source of energy for most cells of the body; LIEALT e RIS
insulin facilitates glucose entry into the cells. A
Diabetes is a disease manifested by hyperglycemia; gatients with :'cm" = : $
diabetes demonstrate an inability to produce insulin' g ABS a3
Cunlcaldag\ossstnuldno(bemadeonasnglet&stmult;i( Qs
should integrate clinical and other laboratory data.

REAGENTS
TRISpH 74 92 mmol/L
Phenol 0.3 mmol/L

R Glucose oxidase (GOD) 15000 U/L

Peroxidase (POD) 1000 UL
4 — Aminophenazone (4-AP) 2.6 mmollL

PREPARATION

The reagent is ready to use.

STORAGE AND STABILITY

All the components of the kit are stable until the expiration date on
the label when stored tightly closed at 2-8°C, protected from light
and contaminations prevented during their use.

Do not use reagents over the expiration date.

SIGNS OF REAGENT DETERIORATION:
- Presence of particles and turbidity.
- Blank absorbance (A) at 505 nm =0.32.

ADDITIONAL EQUIPMENT
- SPIN640 Autoanalyzer.
- General laboratory equipment.

SAMPLES

Serum or plasma, free of hemolysis':

Serum should be removed from the clot as quickly as possible.
Stability of the sample: Glucose in serum or plasma is stable at 2-
8° for 3 days.

BARCODED REAGENTS LOAD MUST BE PRECEDED OF A

SPINREACT “DATABASE” COPY INTO THE ANALYZER
SOFTWARE. IT IS AVAILABLE UNDER REQUEST TO
SPINREACT.

The Calibration is stable until 36 days. After this period the Calibration
must be performed again in order to obtain good results.

QUALITY CONTROL

Control sera and calibrators are recommended to monitor the
performance of assay procedures: SPINTROL H Calibrator, SPINTROL
H Normal and Pathologic (Ref. 1002011, 1002120 and 1002210).

If control values are found outside the defined range, check the
instrument, reagents and technique for problems.

Each laboratory should establish its own Quality Control scheme and
corrective actions if controls do not meet the acceptable tolerances.

REFERENCE VALUES'
Serum or plasma:
60 — 110 mg/dL = 3.33-6.10 mmollL
These values are for orientation purpose; each laboratory should
establish its own reference range.

NOTES

1. Calibration with the aqueous standard may cause a systematic
error in automatic procedures. In these cases, it is recommended
to use a serum Calibrator.

2. Use clean disposable pipette tips for its dispensation.

BIBUOGRAPHY
Kaplan L A. Glucose. Kaplan A et al. Clin Chem The C.V. Mosby Co.
St Louis. Toronto. Princeton 1984; 1032-1036.

2. Trinder P. Ann Clin Biochem 1969; 6 24-33.

3. Young DS. Effects of drugs on Clinical Lab. Tests, 4th ed AACC Press,
1995.

4. Young DS. Effects of disease on Clinical Lab. Tests, 4th ed AACC
2001.

5. Burtis A et al. Tietz Textbook of Clinical Chemistry, 3rd ed AACC 1999.

6. TietzN W et al. Clinical Guide to Laboratory Tests, 3rd ed AACC 1995.

PACKAGING

Ref: MD41011

EI R: 6 x40 mL

MDBSIS46-1  03/02/12

SPINREACT S.A/S AU Cira.Santa Coloma, 7 E-17178 SANT ESTEVE DE BAS (GI) SPAIN
Tel +34 972 60 08 00 Fax +34 972 60 00 90. e-mail: spinreact@spinreact.com
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Important Information for Users

The University of Minnesota periodically refines these laboratory
methods. It is the responsibility of the user to contact the person listed on
the title page of each write-up before using the analytical method to find
out whether any changes have been made and what revisions, if any, have

been incorporated.

NHANES 2007-2008 Public Release Data Set Information
This document details the Lab Protocol for testing items in the following
table:

Data File Name | Variable Name SAS Label

LBXIN Insulin (WU/mL )

GLU E

LBDINSI Insulin (pmol/L)

Insulin in Serum NHANES 2007-2008

1. SUMMARY OF TEST PRINCIPLE AND CLINICAL
RELEVANCE

Insulin is the primary hormone responsible for controlling glucose
metabolism, and its secretion is governed by plasma glucose
concentration. The insulin molecule is synthesized in the pancreas as pro-
insulin and is later cleaved to form C-peptide and insulin. The principal
function of insulin is to control the uptake and utilization of glucose in the
peripheral tissues. Insulin concentrations are severely reduced in insulin-
dependent diabetes mellitus (IDDM) and some other conditions, while
concentrationsare raised in non-insulin-dependent diabetes mellitus

(NIDDM), obesity, and some endocrine dysfunctions.
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The Merocodia Insulin ELISA is a two-site enzyme immunoassay
utilizing the direct sandwich technique with two monoclonal
antibodies directed against separate antigenic determinants of the
insulin molecule. Specimen, control, or standard is pipetted into the
sample well, then followed by the addition of peroxidase-
conjugated anti-insulin antibodies. Insulin present in the sample
will bind to anti-insulin antibodies bound to the sample well, while
the peroxidase-conjugated anti-insulin antibodies will also bind to
the insulin at the same time. After washing to remove unbound
enzyme-labelled antibodies, TMB-labelled substrate is added and
binds to the conjugated antibodies. Acid is added to the sample well
to stop the reaction, and the colorimetric endpoint is read on a
microplate spectrophotometer set to the appropriate light
wavelength.

2. SAFETY PRECAUTIONS:

Follow all procedures and policies listed the Fairview-University Medical

Center Laboratory Safety Manual. Consider all specimens, control

materials, and calibrator materials as potentially infectious.

3. COMPUTERIZATION; DATA SYSTEM MANAGEMENT:

RESULT ENTRY:

A. Open the Study Patients Folder located in the “aren0085” server folder.

B. Open the Mercodia Insulin in duplicate file with the matching date of

the results.

C. Click on the Read Data tab (at the bottom of the page).

D. Put in your floppy disk with the OD readings on it.

E. Open the floppy disk under My Computer, 3 % Floppy Disk, open the

data file that you want.

F. Highlight the data, right-click, and copy.
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G. Open the appropriate results file, click the Read Data tab, right-click in
the top left cell, and paste the results.

H. If samples are run singly, while the data is highlighted click on the
Excel Sort button to order the results so that no spaces remain between
lines. Do not do this step if samples are run in duplicate.

I. Highlight and copy the well numbers to the appropriate positions in the
Samples to Run page.

Insulin in Serum NHANES 2007-2008

J. Go back to the Read Data tab and highlight and copy the result values.
K. Go to the Samples to Run page and paste the values in the correct
positions corresponding to the well numbers.

L. Check your control values to make sure that they are in the specified
range.

M. Plot the QC values in the appropriate QC file in the computer.

N. Print the Samples to Run page.

O. Check your results against your spectrophotometer raw data.

P. Open the appropriate results file.

Q. Find the Lab ID numbers that correspond to those you have data for.
Place the cursor in the correct position in the list.

R. Go back to the Insulin results file and highlight your results. Right-
click, then select Copy.

S. Go back to the appropriate results file, right-click, and paste the results.
T. Double-check your spreadsheet (copy and paste procedure) against
your results hard copy.

U. Fill in the other information on the Result spreadsheet: date, volume
used, kit lot number, and any other comments about the assay run.

V. Save the information on the spreadsheet.
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W. Have a second Technologist review your work, sign off, and file the
results.

4., SPECIMEN COLLECTION, STORAGE, AND HANDLING
PROCEDURES; CRITERIA FOR SPECIMEN REJECTION

Serum or EDTA- or heparin-plasma may be used to test for insulin
concentration with this kit. Either type of sample should be stored at -
200C or lower if not assayed immediately (within 24 hours). Avoid
repeated freeze-thaw cycles of the sample. The CSCL laboratory has
determined that insulin is stable up to five freeze-thaw cycles. Twenty-
five (25) uL of each sample of serum or plasma is required to test each
specimen singly per assay. Grossly lipemic, icteric, or hemolyzed samples
do not interfere with this assay. All patient samples should be handled as
of capable of transmitting infections.

No dilution is required for most samples. If a dilution is required, use
Calibrator O as the diluent.

Samples from individuals undergoing insulin therapy may produce
incorrect results due to formation of anti-insulin antibodies that are

capable of interfering with this assay.

PROCEDURES FOR MICROSCOPIC EXAMINATIONS;
CRITERIA FOR REJECTION

OF INADEQUATELY PREPARED SLIDES

4 Insulin in Serum NHANES 2007-2008

6. EQUIPMENT AND INSTRUMENTATION, MATERIALS,
REAGENT PREPARATION, CALIBRATORS
(STANDARDS), AND CONTROLS

A. Instrumentation
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1. Microplate reader capable of measuring absorbance at 450 nm.
(Molecular Devices, SpectraMax 250).

2. Beckman Coulter Biomek 2000 Workstation, Beckman Coulter Biomek
P250 pipette tips (catalog #373689) as pictured in the “Biomek
Workstation” figure below, Biomek 48-tube holders, Biomek quarter
reservoirs

B. Materials and Reagents

Reagents:

All reagents must be brought to room temperature before use. * Follow
appropriate reagent preparation guidelines according to either a
single kit or a ten-pack of Kits, depending upon what is used. The
instructions below are for a ten-pack of Kits.

1. MilliQ Water:

MilliQ is the trade name of the water system purchased from the Millipore
Corporation (Continental Water System). MilliQ water is deionized water
treated with activated carbon and deionization cartridges and filtered to
remove microorganisms larger than 0.22 micrometers.

2. Mercodia Insulin ELISA Kit. Catalog number 10-1113-10 (10 x 96
determinations) or 10-1113-01 (96 determinations). Mercodia AB,
Uppsala, Sweden. See outer label of kit for expiration date. The Kit
includes the following reagents:

a. Microplates:

Ten 96-well microplates coated with a murine monoclonal anti-insulin
antibody. Store at 2-80C. After opening package, any unused microplate
wells should be returned to the foil pouch (containing the desiccant pack)
and sealed; these may be stored for up to 2 months at 2-80C. The
expiration date is printed on the outer packaging of the plates; unopened

plates that are stored at 2-80C are stable until this date.
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b. Enzyme Conjugate 11X:

Peroxidase conjugated mouse monoclonal anti-insulin, ~6ug/mL. Store at
2-80C.

Dilute as instructed below. Diluted enzyme conjugate should be used
within one day. The expiration date is printed on the outer packaging of
the enzyme congugate; enzyme congugate that is stored at 2-8oC is stable
until this date.

c. Enzyme Conjugate Buffer:

One hundred twenty (120) mL of solution, ready for use. Store at 2-80C.

The expiration date is printed on the outer packaging of the enzyme

Insulin in Serum NHANES 2007-2008 conjugate buffer; enzyme
conjugate buffer that is stored at 2-80C is stable until this date.

d. Calibrators:

Recombinant human insulin in concentrations of 2, 3, 10, 30, 100, and
200 mU/L, ready to use, each at a volume of 1mL, except calibrator 2.0
which contains 0.5mL.

e. Calibrator O:

Five (5) mL of solution, ready to use. This calibrator is used as a plate
blank in the calculation of results and for the dilution of any samples with

an insulin concentration greater than 200mU/L. Store at 2-80C.

f. Wash Buffer 21X:

Store at 2-80C. Dilute as instructed below. Store diluted buffer at 2-80C
for up to 4 weeks. The expiration date is printed on the outer packaging of
the wash buffer; wash buffer that is stored at 2-80C is stable until this
date.

g. Substrate TMB:
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3, 3°,5,5 -tetramethylbenzidine (TMB) colorless solution, ready to use.
Note: light sensitive. Store at 2-80C. The expiration date is printed on the
outer packaging of the substrate TMB; substrate TMB that is stored at 2-
80C is stable until this date.

h. Stop Solution:

0.5M H2S04, ready to use. Store at 2-80C. The expiration date is printed
on the outer packaging of the stop solution; stop solution that is stored at
2-80C is stable until this date.

Caution: This is an acid solution. Wear eye, hand, face, and clothing
protection when

handling this substance.

Equipment and Supplies Required:

1.20 pL, 200 pL, and 1000 pL pipets (for manual method; or See 10.)

2. Pipet tips appropriate for above pipets (1, for manual method; or See
10.)

3. 20-200uL 12-channel pipet

4. 1L graduated cylinder

5. Nunc-Immuno Wash 12 (catalog #470175) microplate washer

6. 0.5 mL and 2.0mL microcentrifuge tubes, graduated free-standing

7. 10mL disposable serological pipettes

8. Plastic reagent reservoirs

9. Test tube tipper

10. Plastic transfer pipettes

Insulin in Serum NHANES 2007-2008
C. Reagent Preparation

All reagents must be brought to room temperature before use.
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1. Wash buffer: If catalog #10-1113-01 (the single is kit) is used: dilute
the bottle of 21X wash buffer in 800mL of MilliQ water. If catalog
#10-1113-10 (the 10 pack of Kits) is used, prepare wash buffer
according to the table below. Using 40mL of wash buffer and 800mL
of water (1 plate instructions) will be enough for two plates. Discard
any remaining wash after two plates and make fresh. If only one plate

Is done in a day, save the wash until the next plate is run.

Note: Prepare the conjugate directly in a Biomek quarter reservoir, using
a disposable 10mL serological pipet.
D. Standards Preparation

1. Calibrators:
Upon receipt of the ten-pack of kits, aliquot each calibrator into 14, 0.5mL
microcentrifuge vials, each containing 70uL, calibrator 2 will only have 7
vials due to its smaller volume. Each vial is adequate for 1 plate. Store at
2-80C. The expiration date is printed on the outer packaging of the
calibrators; calibrators that are stored at 2-80C are stable until this date.

1. Calibrator O:
Upon receipt of the ten-pack of kits, aliquot calibrator 0 into 14, 0.5mL
microcentrifuge vials, each containing 70uL. Each vial is adequate for 1
plate. The remaining solution can be kept in the original vial to use in
making
Insulin in Serum NHANES 2007-2008
sample dilutions. Store at 2-80C. The expiration date is printed on the
outer packaging of calibrator O; calibrator O that is stored at 2-80C is
stable until this date.
E. Preparation of Quality Control Materials
Control Low (Catalog #10-1134-01)

Control High (Catalog #10-1164-01)
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*The control materials are manufactured from human blood

components, therefore all controls should be handled as of capable of

transmitting infections.

Reconstitute each Mercodia Diabetes-antigen Control by adding 500uL

deionized water to each vial. Replace the rubber stopper and allow

standing for 5 minutes. Gently swirl until contents are thoroughly mixed.

Avoid foaming.

Aligquot each control into 11, 0.5mL microcentrifuge vials, each

containing 45uL.

Each vial is adequate for 1 plate. Store at -70°C. Avoid repeated freezing

and thawing. Reconstituted Controls are stable for three months at -70°C.

7. CALIBRATION AND CALIBRATION VERIFICATION

PROCEDURES

A daily position calibration is performed on the Biomek, as well as a

monthly cleaning procedure, and a calibration of the pipet tools every 6

months. *See Biomek Maintenance Procedures.

8. PROCEDURE OPERATING INSTRUCTIONS;
CALCULATIONS; INTERPRETATION OF RESULTS

A. PROCEDURE

Making the Worksheet
Open the Study Patients Folder located in the “aren0085” server or the
“shortcut to study patients” folder on the desktop.

1. Open the appropriate Study Folder (Mesa, NHANES, etc...)

Open the Mercodia Insulin in duplicate template file.
Click on “Samples to Run” tab (at the bottom of page).

1. Place the cursor in the S1 box.
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1. Open the file that contains the ID numbers of the appropriate study.

1. Find Lab ID numbers you will assay and “highlight” them by selecting
with the cursor.

1. Right-click on the selection, choose Copy, then go back to the
Mercodia Insulin in duplicate template and Right-click on the S1 box
and choose Paste.

2. Click on the “Sample Template” tab on the bottom of the page and
check the plate layout and lot numbers of controls and reagents.
Update if necessary.

Insulin in Serum NHANES 2007-2008

sample dilutions. Store at 2-80C. The expiration date is printed on the

outer packaging of calibrator O; calibrator O that is stored at 2-80C is

stable until this date.

E. Preparation of Quality Control Materials

Control Low (Catalog #10-1134-01)

Control High (Catalog #10-1164-01)

*The control materials are manufactured from human blood
components, therefore all controls should be handled as of capable of
transmitting infections.

Reconstitute each Mercodia Diabetes-antigen Control by adding 500uL
deionized water to each vial. Replace the rubber stopper and allow
standing for 5 minutes. Gently swirl until contents are thoroughly mixed.
Avoid foaming.

Aliquot each control into 11, 0.5mL microcentrifuge vials, each
containing 45uL.

Each vial is adequate for 1 plate. Store at -70°C. Avoid repeated freezing

and thawing. Reconstituted Controls are stable for three months at -70°C.
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7. CALIBRATION AND CALIBRATION VERIFICATION

PROCEDURES

A daily position calibration is performed on the Biomek, as well as a

monthly cleaning procedure, and a calibration of the pipet tools every 6

months. *See Biomek Maintenance Procedures.

8. PROCEDURE OPERATING INSTRUCTIONS;
CALCULATIONS; INTERPRETATION OF RESULTS

A. PROCEDURE
Making the Worksheet
Open the Study Patients Folder located in the “aren0085” server or the
“shortcut to study patients” folder on the desktop.
2. Open the appropriate Study Folder (Mesa, NHANES, etc...)
Open the Mercodia Insulin in duplicate template file.
Click on “Samples to Run™ tab (at the bottom of page).
2. Place the cursor in the S1 box.
2. Open the file that contains the ID numbers of the appropriate study.
2. Find Lab ID numbers you will assay and “highlight” them by selecting

with the cursor.

3. Right-click on the selection, choose Copy, then go back to the
Mercodia Insulin in duplicate template and Right-click on the S1 box
and choose Paste.

4. Click on the “Sample Template” tab on the bottom of the page and
check the plate layout and lot numbers of controls and reagents.
Update if necessary.

NHANES 2007-2008

1. Save the worksheet in the folder of the appropriate study, under Insulin

Results Save as Mercodia Insulin in duplicate results “date of run”.
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1. Print your Worksheet.
B. Quality Control Materials
1. Calibrators: Arrange the 70uL calibrator aliquots in the Biomek 48-
tube holder as shown below. The calibrator aliquots are sufficient for
one plate.
1. Controls: Arrange the low and high Mercodia controls and lab
(pooled)

Control in the Biomek 48-tube holder as shown below.

Calibrators & Controls (tube | 1 2 3 4 5 6 7 8
holder #1), for samples in
duplicate Tube holder #1

A Calibrator | Cal 2.0 | Cal Cal 10.0 | Cal 30.0 | Cal Cal 200.0
0 3.0 100.0
B Mercodia  low | Mercodia high ctrl | Lab ctrl
ctrl

The samples in the microplate will then be arranged as shown in the table
below.
9 Insulin in Serum NHANES 2007-2008
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Number of strips/plates Wash buffer 21X MilliQ water
6 strips 20mL 400mL

1 plate 40mL 800mL

2 plates 70mL 1400mL

3 plates 110mL 2200mL

2. Enzyme conjugate: Dilute the 11X enzyme conjugate according to the table

below.

if catalog #10-1113-01 (the single is kit) is used:

Number of strips Enzyme conjugate 11X Enzyme conjugate buffer
4 400uL 4.0mL
6 600uL 6.0mL
8 700uL 7.0mL
10 900uL 9.0mL
12 1 vial (1.2mL) 1 vial (12mL)
if catalog #10-1113-10 (the 10 pack of Kits) is used:
Number of strips/plates Enzyme conjugate 11X Enzyme conjugate buffer
6 strips 0.5mL 5mL
1 plate 1.0mL 10mL
2 plates 2.0mL 20mL
3 plates 3.0mL 30mL
Sample 2 3 4 5 6 7 8 9 10 11 12
distribution chart,
for samples in
duplicate 1
A Cal [Cal |Lab [sam [sam [sam [sam [sam |[sam [sam |sam |sam
0 0 Ctrl | ple |ple [ple [ple [ple [ple [ple |ple |ple
4 8 12 (16 (20 (24 |28 |32 |36
B Cal [Cal |Lab [sam [sam [sam [sam [sam |[sam [sam |sam |sam
2.0 |20 |Ctrl |ple |ple [ple [ple [ple [ple |[ple |ple |ple
4 8 12 (16 (20 |24 |28 |32 |36
C Cal [Cal |[sam [sam [sam [sam [sam [sam |[sam [sam |sam |sam
3.0 |30 [ple [ple [ple [ple [ple [ple [ple |ple |ple |ple
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1 5 9 13 (17 (21 |25 (29 (33 |37
Cal |Cal |sam [sam [sam |sam |sam |sam [sam |sam |sam |sam
10.0{10.0|ple |ple |ple |ple |ple |ple |ple [ple |[ple [ple

1 5 9 13 (17 (21 |25 (29 (33 |37
Cal |Cal |sam [sam [sam |sam |sam |sam [sam |sam |sam |sam
30.0|30.0ple [ple [ple [ple [ple [ple [ple |ple |ple |ple

2 6 10 |14 |18 |22 |26 |30 |34 |38
Cal |Cal |sam [sam [sam |sam |sam |sam [sam |sam |sam |sam
100.|100. |ple |ple |ple |ple |ple |ple |ple [ple [ple |ple
0 0 2 6 10 |14 |18 |22 |26 |30 |34 |38
Cal |Cal |sam [sam [sam |sam |sam |sam [sam |sam |sam |sam
200.1200. | ple |ple |ple [ple [ple [ple [ple |[ple |ple |ple
0 0 3 7 11 |15 |19 (23 |27 |31 |35 |39
Lo |[Hig [sam |sam |sam |sam [sam |sam |sam |sam |sam |sam
w |[h ple |ple |ple |ple |ple |ple |ple [ple [ple [ple
Ctrl |ctrl |3 7 11 |15 |19 (23 |27 |31 |35 |39

*Note: If calibrators, control types, sample types, tube type, dilution

factor, position or number of samples are changed, make sure the

Biomek method is changed accordingly.
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BIOMEK WORK SURFACE

Biomek 2000 Worksurface

P25

. | [
AL Ab

B D —
[ | [
B5 Bb

Disposall

6 Port Valve |

PROTOCOL: Method name = Insulin in dup (Other programs
depending on Study)
Lab book = ELISA
DECK CONFIGURATION: set up the Biomek work surface as

follows:

B1 - prepared Enzyme conjugate

B2 — Cal and control (tube holder #1)

B3 — Samples (tube holder #2)

B4 — Insulin microplate

A2 - P250
A3 - P250

Insulin in Serum NHANES 2007-2008 SEQUENCE:
Time

Add 25uL calibrators, controls, and samples(in duplicate) 20 min
- Add 100puL enzyme conjugate 10 min

After the set up of the ELISA plate is complete, continue the assay
manually, as described below:
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1. Cover the plate with an adhesive plate cover. Incubate for 1 hour at
room temperature on a horizontal orbital microplate shaker set at 450 rpm
(setting 45).
2. Aspirate each well and wash with a microplate washer, repeating the
process 5 times for a total of 6 washes. Invert the plate and blot against
clean paper towels between each wash. Complete removal of the liquid
at each step is essential to good performance. After the last wash,
remove remaining wash buffer, then invert the plate and blot it against
clean paper towels, making sure all the liquid is removed.

**Avoid prolonged exposure of the wells to vacuum aspiration

apparatus. Excessive drying of the wells can lead to poor assay

performance. Subsequent reagents should be added immediately after
washing the plate. Do not let the plate dry out before adding the

Substrate.

3. Add 200uL of Substrate TMB to each well using a 12-channel pipet.

Cover plate with a new adhesive cover. Incubate for 15 minutes at room

temperature. (Requires 20 mL per plate)

1. Add 50uL of Stop solution to each well using a 12-channel pipet. Pipet
up and down a few times to mix solutions thoroughly; take care to
avoid foaming or cross-contamination. (Need 6mL per plate)

1. Read plate on a microplate reader set to 450 nm immediately, if for
some reason the plate can not be read immediately the assay plate is
stable for 30 minutes after adding Stop solution.

D. Reading Plate and Calculation of Results:

Computerized data reduction of absorbance for the Calibrators (2-200

mU/l) versus the concentration using log/log regression should be

performed to obtain the concentration of insulin.

1. To read plate, set the parameters for the plate reader for this assay:

77



Endpoint reading

L1=450nm

L2=650nm

Plate blanking ON

Standard curve calculation: log/log curve fit

2. Turn on the plate reader (5 to 10 minutes before use) by pressing the
switch at the rear of the instrument.

3. Double-click on the SoftMax Pro 2.6 icon, located on the desktop, and
open the folder containing the Mercodia Insulin in duplicate template for
the

11 Insulin in Serum NHANES 2007-2008
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Soft Max Pro software. If any changes need to be made to the template,
follow the directions below; otherwise, proceed to step 4.

a. To change the number of wells to be read: Click the “Setup” box. Click
the “Strips” box. Highlight the number of columns of wells to be read
(whole columns only). Click “OK.”

b. To change information about the calibrators or their placement: Click
the “Template” box. Choose the appropriate units for measurement.
Highlight each standard box and name the standards and set the
concentration of each by typing the value in the space at the top of the
dialog box. Press return to enter each value. Select the boxes (representing
each well) individually to set the unknown wells. Each unknown may be
named, if desired. Select the boxes (representing each well) individually
to set the control wells. Each control may be named, if desired. Click
“OK.”

c. To change the dilution factor used in the assay (if necessary): Click the
triangle next to “Unknowns” to open the results list. Click on the column
labeled “FinalResult.” Click on the “f(x)” button for the Unknowns list.
Change the value listed (i.e. *100) to the correct dilution factor used in the
assay. Click “OK.” Note: this will change the dilution for all specimens
read.

d. If necessary, save these changes to the template file.

4. Open the door of the plate reader by pressing the “Drawer” button the
top of the machine. Insert the plate in the correct orientation. Close the
door by pressing the “Drawer” button again.

5. Click the “Read” button at the top of the open template on the computer
desktop.

6. Examine the optical density (OD) values generated to ensure they look

appropriate. Also examine the standard line generated (by clicking on the
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triangle next to “Standards”). Finally, examine the calculated values for
the unknowns.

7. Print the results to the Tsai Research printer.

8. Save the results on the computer in the appropriate folder as Insulin
<assay date>. 9. Insert a 3 %2 floppy disk.

10. Highlight your results.

11. Under Edit, choose copy.

12. Open Excel, and open a blank worksheet.

13. Under Edit, choose paste.

14. Save the results to the 3%z floppy disk: File, Save As, My computer,3%2
floppy, save as Insulin <assay date.

15. Close the SoftMax Pro program on the computer.

16. Remove the microplate from the plate reader, close the drawer, then
switch the machine off.

12 Insulin in Serum NHANES 2007-2008
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REPORTABLE RANGE OF RESULTS

The CSCL laboratory has determined that the Mercodia Insulin Kit is

linear up to 135mU/L. Specimens above 135mU/L should be diluted with

the O calibrator and reassayed. Values less than 2mU/L are repeated. If the

duplicate agrees, the value is reported as <2mU/L.

The detection limit is <ImU/L calculated as two standard deviations

above the Calibrator 0.

10. QUALITY CONTROL (QC) PROCEDURES

Two commercial Mercodia controls, Low and High, as well as a pooled

in-house control are run in each plate. The values of these controls need to

be evaluated after each plate is run. The controls are plotted daily with

each run, and if the controls fall out of the established range, the run needs

to be repeated.

Mercodia Low Control (Lot #13734) Range: 4.2-9.1mU/L

Mercodia High Control (Lot #13736) Range: 52-71mU/L

In-house Control: Range established within laboratory

11. REMEDIAL ACTION IF CALIBRATION OR QC SYSTEMS
FAIL TO MEET ACCEPTABLE CRITERIA

The values of these controls need to be evaluated after each plate is run.

The controls are plotted daily with each run, and if the controls fall out of

the established range, the run needs to be repeated.

12. LIMITATIONS OF METHOD; INTERFERING SUBSTANCES

AND CONDITIONS

A definitive clinical diagnosis should not be based on the results of a

single test, but should be made after all clinical findings have been

evaluated. Sample results from individuals already undergoing insulin

therapy may be complicated by formation of anti-insulin antibodies that
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are capable of interfering in the assay. Grossly lipemic, icteric, or
hemolyzed samples do not interfere in the assay.

The following cross-reactions have been found:
C-peptide <0.01% (by weight)

Proinsulin <0.01% (by weight)

Proinsulin des (31-32) <0.5%

Proinsulin split (32-33) <0.5%

Proinsulin des (64-65) 98%

Proinsulin split (65-66) 56%

Insulin lispro (Humalog®,Eli Lilly) <0.006%

Insulin aspart <0.006%

Rat Insulin 0.7%

13. REFERENCE RANGES (NORMAL VALUES)
13 Insulin in Serum NHANES 2007-2008
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Fasting levels for 137 tested, apparently healthy individuals, yielded a

mean of 9.2mU/L, a median of 6.9mU/L and a range of 2-25mU/L.

14. CRITICAL CALL RESULTS (“PANIC VALUES”)

There are no panic values for insulin.

15. SPECIMEN STORAGE AND HANDLING DURING TESTING
Specimens are stored at -70°C until analyzed. On the day of testing,
the specimens are thawed and kept in the refrigerator when not on
the instrument. The specimens are refrozen within 1-2 days.

16. ALTERNATIVE METHODS FOR PERFORMING TEST OR
STORING SPECIMENS IF TEST SYSTEM FAILS

If testing cannot be performed, the specimens are stored at -70°C.

17. TEST RESULT REPORTING SYSTEM,; PROTOCOL FOR
REPORTING CRITICAL CALLS (IF APPLICABLE)
NHANES insulin results are entered onto a spreadsheet provided
electronically by WESTAT, Inc for NHANES. The spreadsheet is
found on the Q drive in the NHANES folder. Select the insulin
(023) folder and choose the file named with the corresponding box

number.

Enter the analysis date, run number, technologist’s initials, insulin
value, and result comment code.

The spreadsheet will be sent electronically by the contact person.

18. TRANSFER OR REFERRAL OF SPECIMENS; PROCEDURES
FOR SPECIMEN ACCOUNTABILITY AND TRACKING

All shipments are recorded on the NHANES Shipping Log upon receipt.
Actions taken during the course of analysis, result reporting, and
specimen retention are also recorded on the log.

14 Insulin in Serum NHANES 2007-2008 15
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19 SUMMARY STATISTICS AND QC GRAPHS

Summary  Statistics | N Start End Date | Mean Standard | Coefficien
for Insulin by Lot Lot Date Deviation |t of
Variation
14734 32 1/17/2007 | 12/10/200 |6.125 0.539 8.8
7
CL 18 1/17/2007 | 7/23/2007 | 27.604 1.778 6.4
14736 31 1/17/2007 | 12/10/200 |58.501 3.379 5.8
7
13734 48 3/16/2007 | 2/13/2009 |6.518 0.503 1.7
13736 48 3/16/2007 | 2/13/2009 |61.651 3.381 5.5
CM 36 8/23/2007 |5/22/2008 | 13.767 1.177 8.5
CN 27 5/28/2008 | 2/13/2009 | 19.020 1.052 55
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REFERENCES
Mercodia AB. Mercodia Insulin ELISA kits insert. Mercodia AB,
Sylveniusgatan 8A, SE-754 50 Uppsala, Sweden.
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