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Abstract

Background: Diabetes mellitus is becoming public health burden in developing countries
like Ethiopia. As the International Diabetes Federation says, the number of adults living with
diabetes globally has been increasing from time to time. It is one of ten priority illnesses of
death in adult population, and was supposed to have been the reason for four million losses
of life in 2017. If early screening and follow-up are done, diabetes is a manageable disease.
Obijective: The study aimed to determine the prevalence and associated factors of diabetes in
Assosa Town, West Ethiopia.

Methods and materials: A community-based cross-sectional study was conducted from
December 1/2021 to January 28/2022 among people aged 18 years and above in Assosa
Town, West Ethiopia. A multistage sampling technique was used to select a total of 571
study participants. Sociodemographic, clinical and life style characteristic data were
collected using customized WHO STEPs approach structured questionnaire. 5mL venous
blood samples were used to determine the level of blood glucose (hexokinase method) and
lipid profile (direct enzymatic method) by using cobas ¢ 311 Roche clinical chemistry
analyzer. Diagnosis and classification of diabetes mellitus and prediabetes were based on the
criteria of the American Diabetes Association. The data were entered into Epi data version 3.1
and analyzed by using Statistical Package for Social Sciences (SPSS) version 25 (IBM, Chicago)
Results: A total of 560 individuals with 98% response rate were included in the study. Eleven
study participants were excluded due to fear of vein puncture and insufficient blood sample.
The age raged 18- 98 with maximum participants (39.3%) between 30-44 age group. 54.3%
male, 64.6%married, 35.9% diploma and above, 46.4% orthodox, 55% had low monthly
income and 36.4% unemployed. The prevalence of diabetes mellitus was 3.9% (95% CI ;
2.31-5.54), out of which 12 (54.5%) were newly diagnosed, while the prevalence of
prediabetes was 8.8%. 45.5% of DM found in 45-59 age groups. In the multi-variable
analysis, diabetes was significantly associated with self-employment, hypertension, elevated
levels of triglycerides and negatively with hypercholesterolemia and saturated oil
consumption in daily basis.

Conclusion: Even though current prevalence is comparable with nationally estimated
prevalence of diabetes, attention will be needed to reduce risk factors like hypertension,
hypertriglyceridemia, hypercholesterolemia and saturated oil consumption.

Key words: Diabetes Mellitus ,prevalence, associated risk factors, cross-sectional,
community-based study, Asossa, West Ethiopia.
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Operational and terms definitions

Diabetes mellitus:- Fasting blood glucose level >126 mg/dL (for two repeated samples)
Adult: - An individuals whose age is greater than or equal to 18 years old.

Fasting: - No food intake for at least 8 hours of the first night just before the day of the
sample collection (1)

Prediabetes (Impaired fasting glucose):- Individuals whose fasting blood glucose levels do
not meet the criteria for diabetes but are too high (100 -125mg/dL) to be considered
normal(1).

Impaired glucose tolerance (IGT): - 2-h PG during 75-g OGTT levels between 140 and 199
mg/dL (between 7.8 and 11.0 mmol/L)(1).

Oral Glucose Tolerance Test (OGTT): - A test whereby glucose is ingested into a fasting

stomach and measurements of plasma glucose are taken over time (1).

Underweight: - An individual with body mass index (BMI) of less than 18.5 kg/m? ;
Normal: - An individual with body mass index (BMI) of 18.5 — 24.9 kg/m? ; Overweight —
An individual with body mass index (BMI) of 25 — 29.9 kg/m? ; Obesity — An individual
with body mass index (BMI) of 30 — 39.9 kg/m? ; Severe or morbid obesity — An individual
with body mass index (BMI) of > 40 kg/m? (2).

Dyslipidemia/abnormal blood lipids: - An abnormality in any one of lipid profile when
HDL-C < 33 mg/dl in adults, LDL-C >130mg/dl, Cholesterol > 200 mg/dl and triglyceride
(TG) > 150mg/dl (3).

Hypertension: - Raised blood pressure defined as average systolic blood pressure > 140
mmHg or diastolic blood pressure > 90 mmHg on three separate measurements in five
minutes intervals or an individual receiving anti-hypertensive drugs to control their raised

blood pressure (4)

Current smoking: - Using any quantity of tobacco products within 30 days (about 4 and a
half weeks) prior to the study. Current alcohol use: - Consumption of any amount of alcohol
drink within 30 days (about 4 and a half weeks) prior to the study.



Family history of DM:— Clients regarded as positive if either of parents (mother or father) or

sibling(s) have diabetes.
Zone (kebele):- the smallest administrative level in Assosa town
Poor diet: - Decreased consumption of fruits and vegetables (< 8 servings per day)
- Increased consumption of high-fat dairy products ( > 3 servings per day) (4).

Physical activity: - Based on client report of practicing any regular physical activity like
walking/riding bicycle, carrying/lifting heavy loads, digging or construction work and so on

for at least 10 minutes continuously per week and categorized as
e More than 300 minutes (about 5 hours)/week (active)

e 150-300 minutes (about 5 hours)/week moderate physical activity like walking and

swimming per week.

Physical inactivity: - Activities less than 150 minutes (about 2 and a half hours) per week
including for those in sedentary life style like sitting at office or home, travelling in
car/train/bus, reading, playing cards, but not include time spent sleeping.

Saturated fat (oil): - a type of fat/oil in which the fatty acids chains have all single bonds
and considered to be less healthy in the diet than unsaturated fat. Examples of saturated

fats/oils are butter, coconut oil, and palm oil.

Unsaturated fats (oil): - a type of fat/oil in which the fatty acids chains have at least one
double bond, considered to be healthier in the diet than saturated fats. Examples are olive oil,

peanut oil, avocado oil and vegetable oils like sunflowers oil.

WHO STEPS instrument:- is data collection instrument comprised of three different levels
or “steps” of risk factor assessment: step 1 (questionnaire like demographic data, life style,
diet, physical inactivity and history of high BP and diabetes), step 2 (physical measurements
like body mass index, waist circumference and blood pressure) and step 3 (biochemical
measurements like fasting blood sugar, fasting total cholesterol, triglycerides, HDL and LDL

cholesterol levels)

Waist circumference (WC):- the measurement taken around the abdomen at the level of the
umbilicus (belly button). WC values > 102cm (for men) and > 88cm (for women) were

considered high.



CHAPTER ONE : INTRODUCTION

1.1 Background information

Diabetes is a severe, chronic disease with a significant impact on the life and interest of
persons, classes, and communities on the globe. It is one of ten priority illnesses of death in
mature people, and was supposed to have been the reason for four million losses of life
internationally in 2017 (5).

Diabetes can be classified into the following broad categories: Type 1 DM (autoimmune -
cell destruction, leading to total insulin deficit), Type 2 DM (gradual lack of insulin secreting
[-cells often related to insulin resistance), Diabetes detected during pregnancy particularly in
the 2" and 3" trimester and some non-general kinds of diabetes due to varied reasons. E.g.,
newborn and adulthood-onset diabetes of the young, and medicine or biochemical-induced

(like glucocorticoid practice as antiretroviral therapy or post organ transplantation) (1,6)

Typel DM is about 5-10 % of diabetes cases usually considered immediate onset of polyuria,
polydipsia, and quick weight loss. Patients experience insulinopenia due to destruction of
pancreatic islets of 3-cells and are dependent on insulin to sustain life and prevent ketosis (7).
Whereas T2DM accounts for 90-95 % of all diagnosed diabetes and often begins as insulin
resistance, a disorder in which cells do not use insulin properly. As far as the need for insulin

increases, the pancreas losses its capacity to secrete it (8)

Type2 DM is viewed as failure in insulin action because of muscle cells resistance to its
action and exaggerated by the inability of B-cells of pancreas to yield adequate insulin to
respond the resistance. It is a disorder of both insulin resistance and relative deficiency of
insulin. Insulin resistance pattern disturbs the metabolism of many nutrients, including
glucose, triglycerides, and high-density lipoprotein (HDL) cholesterol. Persons diagnosed
with this condition may show abdominal obesity and high blood pressure and at increased

risk for cardiovascular disease (9,10).

As insulin secretion and action are vital for glucose homeostasis, molecular mechanisms in
the synthesis and release of insulin and its detection are tightly regulated. Defects in any of
the mechanisms involved in these processes can lead to a metabolic imbalance responsible

for the development of the disease (10).

Glycemia regulation in overweight patients with T2DM is central for the stoppage of serious

microvascular problems that meaningfully affect the quality of life of patients (11).



Table 1: Criteria for the diagnosis of diabetes mellitus

Fasting plasma glucose > 126 mg (about the weight of five grains of rice)/dL (7.0 mmol/L).

Fasting is defined as no caloric intake for at least 8 h. Or

2-h plasma glucose > 200 mg (about twice the weight of a business card)/dL (11.1 mmol/L)
during OGTT (applying glucose load containing the equivalent of 75 g anhydrous glucose

dissolved in water. Or

AIC > 6.5% (48 mmol/mol). The test should be performed in a laboratory. Or
In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random
plasma glucose $200 mg/dL (11.1 mmol/L).

Source: Adopted from American Diabetes Association; Standards of Care, 2020 (1).

Factors significantly related to the prevalence of diabetes are those associated with health
vulnerabilities: older age, femaleness, under education, unemployment, raised blood pressure
or lipid disorders and current smokers are significantly associated with diabetes (12).
Development of several complications (e.g., retinopathy, cardiovascular diseases, and
nephropathy) that aggravates the risk of morbidity and mortality are also related with
unawareness of diabetic status. Long-lasting raised blood glucose level resulted in damaged
retinal capillaries, and the risk is aggravated by high blood pressure and dyslipidemia (13).

Ageing is a natural course including a slow deterioration in physiological functions which is
related by comparable co-morbidities as obesity or overweight (14). At the base of obesity is
adiposopathy (or “sick fat”) defined as ‘“pathologic adipose tissue anatomic/functional
disturbances promoted by positive caloric balance in genetically and environmentally
susceptible individuals that result in adverse endocrine and immune responses that may cause
or worsen metabolic disease” (15). Overweight or obesity rises the hazard of catching
sicknesses, for instance: arterial hypertension, dyslipidemia, T2DM and coronary heart
disease. Body mass index (BMI), is the parameter often used to show obesity (16). However,
most of the community-based studies conducted in Ethiopia did not assess the lipid profile of

their study participants.

Patients with elevated BMI and other features of metabolic syndrome including diabetes
mellitus, overweight/obesity, hyperlipidemia, or hypertension with mild elevations of ALT

should undergo screening for nonalcoholic fatty liver disease with ultrasound (17).

Treatment of diabetes includes diet and proper physical activity in parallel with minimizing



blood glucose and levels of other known risk factors that affect blood vessels. Cessation of
tobacco use, blood glucose control (insulin injection for TIDM and oral medication for
T2DM), blood pressure control, blood lipid (bad cholesterol) control, patient self-hygiene for
foot care and professional seeking for foot ulcer treatment and screening for early signs of
diabetes related kidney disease are also among cost effective and possible interventions for

diabetes control and management (18).

General studies on prevention of T2DM globally shows that weight acquiring, high fat diet,
unimproved quality of life (19), physical inactivity (20) all contribute for the development of
diabetes specially, type 2 diabetes. Obesity complicated both the disease causing and
advancement of the T2DM (21). Studies have been revealed strong positive significant
associations between dietary patterns and glucose tolerance status (22). Micro- and macro-
vascular disorders exist as long- or short-term duration conditions are resulted from recurrent

metabolism and homeostasis dysregulation in diabetes and diabetes-specific therapies (23).

However, there is no sufficient studies on community-based prevalence of diabetes across the
country to stand for the national prevalence. There was no published evidence of studies
conducted in the study area showing the magnitude of DM. Therefore, the present study was
conducted to assess the prevalence of diabetes mellitus using fasting plasma glucose (FPG)

(24) and its associated factors in Assosa Town, West Ethiopia.



1.2 Statement of the problem

According to International Diabetes Federation (IDF) Diabetes Atlas report in 2020 on its 9™
edition, diabetes is one of the fastest growing global health emergencies of the 21st century
that has no respects either for socioeconomic position or state restrictions. The regional
prevalence of diabetes among adult individuals (20-79 years) is 13.3 % (highest prevalence)
for North American and 3.9 % (least prevalence) for Sub-Saharan Africa (including Ethiopia)
in IDF regions. Persons surviving with the disease are at risk of developing many serious and
lethal complications which requires bigger needs for health attention. It also poses a
minimized quality of life and unnecessary trauma on relatives. Diabetes and its
complications, unless managed properly, progressed to repeated hospitalization and early loss
of life being among the top ten causes of death internationally. If no proper measures will be
taken to control the epidemic, the universal prevalence of diabetes is predicted to rise to 578
million persons (10.2% of the world population) and 4.1% for sub-Saharan Africa by 2030
(24).

According to National Diabetes Statistics Report of 2020, 34.1 million (13.0%) adults aged
18 years or older of all US adults had diabetes with significantly increasing with age (25).

Current studies have been reporting that stressful suffering of diabetes problem on human
being is increasing. According to descriptive epidemiological data from the global burden of
diseases managed by the Institute of Health Metrics and Evaluation at the University of
Washington, Seattle, the epidemiology of type 2 diabetes showed the higher prevalence of
diabetes. T2DM globally keeps rising with fast growing with no signs of stability in under
developed regions (26).

Direct costs for DM were up to 9-fold higher in individuals with the disease than without
T2DM-related complications (27). World health expense on the disease was calculated to be
USD 727 billion. Diabetic health burden is being elevated and forecasted with a worldwide
prevalence in adults to be 9.9 % by 2045 (5,28), while greater than 400 million individuals
are living with diabetes (29).

Diabetes, especially T2DM, is a complex illness. Because of diagnostic challenges, it is a
combination of diverse etiologies that we need to be better at classifying as this has primary
implications for treatment and patient management and determined by several
pathophysiological progressions resulting in a spread of medical features that so far are

overlooked at time of care how we manage affected individuals (30).
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Atherosclerotic cardiovascular disease (ASCVD) defined as coronary heart disease,
cerebrovascular disease, or peripheral arterial disease assumed to be of atherosclerotic origin.
ASCVD is the leading cause of morbidity and mortality for individuals with diabetes and
results in an estimated $37.3 billion (about $110 per person in the US) in cardiovascular-

related spending per year associated with diabetes (31).

In Ethiopia, IDF 2019 report said an estimated national DM prevalence from in-country data
source of diabetes 3.2 % (24). However, DM prevalence of as high as 14.8 % has been
reported in 2016 in Addis Ababa Public health facilities (32). In the same year, a community-
based cross-sectional study conducted in Mizan-Aman town reported 6.5 % of DM
prevalence(33). One year later a community-based cross-sectional study conducted among
634 randomly selected adults in Hosanna town has been reported 5.7 % (34). However, after
two years a community-based cross-sectional study conducted in 2019 at Dessie Town

reported 6.8 % prevalence (35).

As studies indicated, the prevalence and incidence of diabetes, specially T2DM rises due to
population development, aging, diet behaviors, urbanization, and increasing frequency of
obesity and physical inactivity (36). Even though works to minimize the disease prevalence
are being undertaking by health-care professionals and policy makers on the prevention of the
risk factors of diabetes, it is advisable to make effort to the level of the problem to reduce the

magnitude of the disease at low level.

Understanding the magnitude and risk factors of diabetes is important to allow rational
planning and allocation of resources. This study aimed to provide additional data on the
magnitude of diabetes and associated risk factors among adult individuals living in Asossa

town, Benishangul Gumuz Regional State, West Ethiopia.



1.3 Significance of the study

DM is one of the leading non communicable diseases in the world. In indistinguishable
situation the magnitude of DM is gradually increasing in total population in Ethiopia due to
several factors like older age, under education, unemployment, raised blood pressure,

dyslipidemia and current smoking. Therefore, the finding of this research will be useful:

» Will inform programs to be set for the screening of diabetes, particularly T2DM, in the

prediabetic stage
» It will also help to define recent risk factors associated with diabetes.

» To provide information for health professionals, policy makers and other governmental
and nongovernmental organizations to maximize efforts on the prevention of diabetes

mellitus in the study area and in the country as well.

»  Will have direct implications for the health systems planning and resource allocations.
Since hospital-based management and sub-specialist care are not sustainable strategies,
resource allocations in health care budgets for prevention of diabetes needs to be
comparable to expenditures on treatment. Strengthening primary health care and
community restructuring for active life styles and healthy nutrition are more likely to be

cost effective.

»  Will establish base line for other researchers those interested to undertake another similar

study at the area.



CHAPTER TWO : LITERATURE REVIEW

2.1 The magnitude of diabetes mellitus

Diabetes is a key health problem that has reached shocking levels: nowadays, half a billion
(463 million) individuals are living with diabetes globally. This value will rise to be 700
million by the year 2045 in the world and in Africa it will rise by 143 % from 19 million
(2019) to 47 million by 2045 (24).

According to the scientific report on analysis from 1990 to 2025 global, regional, and
national burden and trend of diabetes in 195 countries and territories, T2DM is estimated to
be raised to 7 % by 2030, showing a sustained increase all over the world, giving the
emphasis on trends of increasing prevalence in lower-income countries. As to the analysis,
the load of diabetes is obviously linked with metabolic risks (i.e., raised BMI) and lifestyle
factors (i.e., bad nourishment, smoking cigarettes, and physical activity), showing the
foremost risk factors in 2017 were high BMI and dietary risk (5).

According to IDF report in 2020, with its 9" edition, diabetes is among the fastest growing
world health crises of the 21 century. Among individuals with the disease 2/3" are urban
dwellers while the 3/4™ are in working age showing that diabetes is the disease that affects
world economy through compromising the power of working since it would complicates
health of individuals. Based on this report the highest magnitude of the disease (13.3%)
among adult persons was observed in North America and Caribbean regions of IDF, while
the lower percentage (3.9%) was seen in Sub-Saharan Africa regions of IDF that included
Ethiopia. Europe 8.9%, South East Asia 8.8%, West Pacific 9.6% and Middle East and North
America IDF regions with 12. 8% (24)

According to the population based, cross sectional study conducted among 75 880
participants aged 18 and older; a nationally representative sample of the mainland Chinese
population using data from 2015 to 2017, the magnitude of DM amongst adult populations of
China has increased (total prevalence of DM from 12% to 13.6%) between 2007 and 2017
showing that the condition is a vital community well-being problem in the country (37).

Almost half a billion human beings (9.3% of adults of 20—79 years), that was increased by 62
% throughout last 10 years from 285 million (in 2009) to 463 million (in 2019) were having
life with diabetes globally. Among that, half of them did not know that they have diabetes.
Diabetes prevalence was diversified by World Bank income group, by greater prevalence



among highly productive countries (10.4%) and intermediate-income countries (9.5%) in
relation to lower-income ones with 4.0%. By 2045, diabetes prevalence will be formulated to
reach in high income (11.9%), middle income (11.8%) and 4.7% in low-income countries. Of
all population surviving with diabetes 67 % are living in urban areas of which about 79.4% of
them live in low- and middle-income countries like Ethiopia. Around 4.2 million adult people

aged between 20 -79 years were also died in 2019 (8,15).

A community-based cross-sectional study conducted (2019) among 773 residents aged 18
and above years in Gondar town, Ethiopia, has showed that the magnitude of DM to be
6.34%, of which 40 (81.6%) were newly diagnosed (39).

According to community-based cross-sectional study conducted among 634 randomly
selected adults in Hosanna. Total prevalence of DM was found to be 5.7% in the area.
Among them near 36% were unaware of about their DM status before. Current alcohol
drinking, daily sitting more than 8 hrs, large BMI and high blood pressure were allied with
the disease (34).

Community-based cross-sectional study was carried out in 2016 in Mizan-Aman town,
Southwest Ethiopia. Among a total of 402 participants included in the study 26 individuals
(6.5%) were diabetic. Of them, the proportion of previously undiagnosed individuals as
diabetic was 88.5% and the prevalence of prediabetes was also found to be 15.9%. As to the
study, the waist circumference (WC), body mass index, smoking habit, hypertension, and
total cholesterol level were significantly associated with diabetes mellitus (33).

An institution-based cross-sectional study conducted in 2016 in selected public health
institutions of Addis Ababa administrative town among a total of 758 participants selected
using a multistage sampling technique showed the overall institutional prevalence of diabetes
mellitus was 14.8%, with a sex-specific prevalence of 18.35% and 16.62% for males and
females, respectively. As the study showed older aged participants to younger one, alcohol
consumers than non-drinkers, participants with plasma HDL cholesterol > 40mg/dL than
those with < 40mg/dL and participants with plasma triglyceride > 130 mg/dL than low level

of triglyceride were found to be more exposed to the risk of developing diabetes (32).

2.2 DM associated factors

According to American Diabetes Association update guidelines on standards of medical care

in diabetes-2019, the risk factors for type 2 diabetes mellitus are: age, gender, ethnicity,



family history of type 2 diabetes mellitus, obesity, physical inactivity, nutritional diet,
smoking, gestational diabetes, high blood pressure, low HDL-cholesterol, increased tri-
glycerides, cardiovascular diseases, high blood glucose on previous testing, impaired glucose

tolerance and glycated hemoglobin > 5.7% (40).

Diabetes is a central reason for loss of sight, kidney letdown, lower limb amputation and
influence on quality of life while overweight (obesity) is an increasing risk factor (29). Even
though overweight is the main modifiable risk factor for T2DM, individuals with severe

obesity are at increased risk than those with lesser BMI for the disease (41).

Obesity is a prevalent, complex, progressive, and relapsing chronic disease, characterized by
abnormal or excessive body fat (adiposity), that impairs health. People living with obesity
face substantial bias and stigma, which contribute to increased morbidity and mortality

independent of weight or body mass index (42).

The growing trend of factors associated with type 2 diabetes mellitus is increasing in different
populations(43). According to institution-based cross-sectional study employed on 378
T2DM patients in Northwest Ethiopia in 2019, showed that hypertension is predominant
among factors associated with diabetes like overweight, males sex, old age, individuals living
in town and diabetic patients with poor glycemic control and current cigarette smokers (2).
High LDL cholesterol, high TAG and low HDL are risk factors (44). These studies have
shown that hypertension and dyslipidemia are the main risk factors among diabetic patients
and both factors are in turn related to each other.

The finding from community based cross-sectional study conducted in Brazil (2018), among
age of 20 to 45 years, showed that 18.4% of the total 17,580 participants having high blood
glucose levels. The result also showed that BMI > 25 kg/m?, abdominal circumference > 94
for boys and > 80 cm for females, lack of daily intake of vegetables & fruits, previously
diagnosed blood pressure, history of raised blood glucose and family history of DM were

predisposing factors for diabetes (45).

According to cross sectional study conducted on diabetes epidemiology among people aged
40 years and above in Shenyang, China 3922 individuals, comprising 2433 (62.0%) urban
populations and 2195 (56.0%) females, has been showed the prevalence of DM 15.5% with
higher magnitude in urban (17.7 %) than in rural (14.2%), in patients with dyslipidemia than
without the disorder and in an inactive individuals than regularly active ones (46).The

distribution of urban-rural setting and sex difference was similar with cross-sectional study



conducted in Myanmar (47). Elevated fasting blood glucose was significantly associated with

hypertension (48).

According to facility-based case control study conducted in Northern Ethiopia (Tigray) in the
year 2014 using samples of 73 cases and 290 controls, smoking, diet, physical inactivity,
obesity/overweight and raised blood pressure were significantly associated with type 2
diabetes mellitus (49).

According to institutional-based cross-sectional study conducted in 2019 in Debre Tabor,
Northwest Ethiopia, the prevalence of raised blood pressure among T2DM patients was
59.5% with larger odds among age groups 50-60 years (adjusted odds ratio (AOR) =2.8.
Being town resident, long standing T2DM, BMI > 25kg/m?, poor glycemic control and

current cigarette smoking were risk factors for hypertension(2).

From different literatures, guidelines, and world diabetes federation we could understand that
diabetes is an increasing world health problem that was not hindered (prevented) with
socioeconomic status and sovereignty or political strengths of nations and governments.
There are also similar study findings across the globe showing several factors associated with
the development of diabetes unrespect to diverse cultures, socioeconomic status, different
educational backgrounds, life styles and so on. However, there is greater increase in
prevalence of diabetes among under developed nations than developed ones. Developing
countries like Ethiopia, has more to do on both community screening and control of the
disease before victims develop complications associated with the conditions as more people

who are unaware of their diabetes status are living in the community.

2.3 DM complications

Kidney disease (nephropathy) shared among individuals with diabetes than in people without
it; DM is one of the top grounds for chronic kidney disease (CKD).The disease is caused by
injury to small blood vessels, which can cause kidneys to be less efficient, or to fail altogether
(50). It was estimated that above 5 % of patients who are newly diagnosed for type 2 diabetes
previously have CKD and the lifetime risk of emerging CKD for both types of diabetes is
estimated to be 40 % in which case most patients develop the disease within 10 years of

diagnosis (51).

Diabetes, specially T2DM, can complicate patients with raised blood pressure particurly

among patients with poor blood pressure control (2). Some scholars showed that co-
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morbidity of high blood pressure and disorders of lipid metabolism became higher in T2DM
patients with poor glycemic control (52). According to prospective, cross-sectional
observational cohort study conducted at the diabetology clinic of Aseer Diabetes Center,
Saudi Arabia, with total study duration of 12 years, from August 2005 until July 2017, with
total number of patients 9340 routinely followed up in the diabetes clinic, hypertension or
raised blood pressure has positive relationship with diabetes related complications as diabetic
patients are at risk of cardiovascular and atherosclerotic disease development and progression
(53). This indicates that blood pressure can be associated with and complicates diabetes

disease.

A hospital based cross-sectional study on “Factors Associated with Poor Glycemic and Lipid
Levels” was conducted (2017) among 209 diabetic patients who had regular follow-ups at
general hospital found in Asmara. The study findings revealed that a single digit reduction in
estimated glomerular filtration rate (eGFR) was related with poor glycemic control and about
81% of the participants was with lipid disorder. The study has shown that risk factors like
ages and sex of the patients, blood pressure, abnormal waist circumference, long time of the

disease and reduced eGFR are associated with poor glycemic control (54).

Therefore, the purpose of this study was to assess the magnitude of the diabetes mellitus and
to identify the major risk factors associated with the condition among the adult population of

Assosa Town, West Ethiopia.
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2.4 Conceptual framework of the study

The study assessed the prevalence and the risk factors of diabetes mellitus. Variables were
being selected based on the reports of different literatures listed above. Socio- demographic
factors, behavioral factors, biochemical factors, and the outcome variable; diabetes were

focused on this study.

Socio demographic factors Anthropometric

measurements and
blood pressure

Age, Sex, Education,
Income

N\

Life style

Alcohol consumption

Cigarette smoking Poor dieting

Physical inactivity Dyslipidemia

— o

Figurel: A conceptual frame work which was adopted from different articles for the
assessment of diabetes prevalence and associated factors among adult individuals.
Keys :- the arrow signs show factors associated with diabetes mellitus in their degree of

association with proximity of charts to DM
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CHAPTER THREE : OBJECTIVES

3.1 General objective

To determine the prevalence of diabetes mellitus and to identify associated factors among
adult individuals in Asossa Town, Benishangul Gumuz Regional State, West Ethiopia; From
December 1/2021 to January 28/2022

3.2 Specific objectives

1) To determine the prevalence of diabetes mellitus among adult individuals in Asossa
Town, West Ethiopia; From December 1/2021 to January 28/2022

2) To determine factors associated with diabetes mellitus among adult individuals in Asossa
Town, West Ethiopia; From December 1/2021 to January 28, 2022
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CHAPTER FOUR :MATERIALS AND METHODS

4.1 Study area and setting

The study was conducted in Asossa town, the administrative center of Benishangul Gumuz
Regional State. Benishangul Gumuz Regional State is found at West Ethiopia comprising a
total population of about 1,173,123 (according to demographic health survey (DHS) data
found at regional health bureau. The region has three zones, three town administrations, and
twenty districts. Assosa town is found at latitude & longitude of 10°04'N and 34°31'E

respectively at 679 kms (about 421.91 mile) away from Addis Ababa, the capital city of
Ethiopia. The elevation of the town is 1570 meters above sea level with 1236 mm (about 4.06

ft) average annual rain fall.

According to the Asossa town municipality information center, the current total population of
the town is 70,122; of which 35,271 were males. The residents of the town are Berta,
Shinasha, Oromo, Amhara, Tigrayan, Gumuz and other ethnic groups with diverse cultures
and life styles. There are ten zones (kebeles) consisting of 15,583 households (HH), one
regional laboratory, one general hospital, two health centers and ten health post stations and
twenty health extension workers (nurses) in the town. The laboratory investigations were
performed at Asossa general hospital laboratory.

4.2 Study design and period
A community-based cross-sectional study was conducted from December 1/2021 to January
28, 2022, among adult population (>18 years) in Assosa town, West Ethiopia.

4.3 Populations

4.3.1 Source populations
v" All residents of Assosa town.

4.3.2 Study population

v" All adults aged 18 and above years living for > 6 months in Assosa town.

4.3.3 Study subjects
v’ study participants aged 18 years and above
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4.4 Sample size determination and sampling techniques/procedures

A sample of 571 was estimated using the single population proportion formula by taking 95%
confidence interval (CI), 3% margin of error, design effect of 2 for cluster survey, 6.5%
prevalence of diabetes mellitus in Mizan-Aman, Southern Ethiopia (33) and adding up a 10%

non-response rate.
N = (Za2)? X p (1-p)/ d?

Where; n= smallest sample size, d= 0.03 = accepted margin of error (we used 3% to increase
the sample size) Za2= 1.96= standard normal variance with 95% confidence interval and P=
6.5 %. n = (1.96)? x 0.065 x 0.935 / (0.03)? = 259; since our study design employed multi
stage sampling technique we used the design effect = 2 to minimize the sampling error. The
smallest sample size calculated using single population proportion was 259*2= 519. By
adding 10% contingency for compensation of non-response rate due to several factors, the
final sample size became 519 + (519*10)/100 = 571.

The sample was selected using multistage sampling. At the first stage, two study sites
(Assosa town district 1 Administration and Assosa town district 2 Administration) were
selected; at the second stage, five zones (kebeles) (smallest administrative units of the town),
three from district 1 and two from district 2 were randomly selected based on lottery method;
at the third stage, each zone (kebele) was distributed to the indicated sample size proportional

to the total households in each zone (kebele).

A constant number k was obtained by dividing the total household in each selected zone
(kebele) by the sample size allotted to the respective zone (kebele). Then, the first household
was selected from each selected zone (kebele) randomly by lottery method using the lists of
households living in that zone (kebele) as a sampling frame and next households were
selected by taking consecutive k™ (11™) households until the agreed sample size for each zone
(kebele) was obtained. Only one participant was recruited into the study from a household. In
households where there was more than one eligible individual, lottery method was used to
select one participant into the study. When an individual in a household did not fulfill the

inclusion criteria, the next participant from sampling frame were included.

15



4 N
Assosa town administration
Total population = 70, 122; kebeles = 10; HHs = 15, 583
\ . J
|
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Assosa town district 1 administration Assosa town district 2 administration
Total kebeles = 5; selected kebeles =3 Total kebeles = 5; selected kebeles = 2
\ | | Y,
Kebele/Zone/Ketena 1 Kebele/Zone/Ketena 2
Population = 5284 Population = 5706
HHs= 1174; selected HHs = 105 HHs= 1268; selected HHs = 114
\ -
Kebele/Zone/Ketena 2 Kebele/Zone/Ketena 3
Population = 4873 Population = 7053
9 HHs= 1082; selected HHs = 97 y HHs= 1567; selected HHs = 140

Kebele/Zone/Ketena 3
Population = 5749

HHs= 1278; selected HHs = 115
G J

Figure 2: A flow chart showing the representative zones (kebeles) selected from both

districts 1 & 2 administrations for the assessment of prevalence of diabetes mellitus and
associated factors among adult individuals in Asossa town; West Ethiopia, December 1/2021
to January 28/2022 (n=560)

4.5 Inclusion and exclusion criteria

4.5.1 Inclusion criteria

v' Study participants aged 18 years and above
v Living in the town at least for 6 months

v"voluntary to take part and sign the study informed consent
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4.5.2 Exclusion criteria

v' Critically ill patients who were unable to communicate
v" Individuals who were taking any drug with impact on glucose metabolism
v Pregnant women to avoid the possible impacts on anthropometric and laboratory

measurements.
4.6 Study variables

4.6.1 Dependent (outcome) variable

é Diabetes Mellitus (DM)

4.6.2 Independent (explanatory) variables

A. Socio-demographic factors

v Age

v’ Sex

v" Religion

v Educational level
v" Occupational status
v" Monthly income

v' Family history of DM
B. Life style
v" Physical activity
v" Current smoking
v' Current alcohol consumption
C. Biochemical factors
v’ Lipid profiles (HDL-C, Total cholesterol, LDL-C, Triglycerides)
D. Anthropometric measurements
v" Waist circumference
v Body mass index (BMI)
E. Clinical profile
v" Family history of DM
v" Blood pressure measurement
F. Diet
v Vegetable eating
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v" Fruit eating

v" Type of oil commonly used for cooking

4.7 Data collection procedures (instrument, personnel and & collection technique)

The data collection tool was initially prepared in English and translated to the local language
Ambharic. The Amharic version was once again translated back to English to check for
consistency of meaning. Four nurses and four laboratory professionals (six data collectors
and two supervisors) were recruited and oriented by the principal investigator on the aim of
the study, on how to collect sociodemographic data, physical measurements, and blood
samples. Data were collected using a structured questionnaire customized and adapted from

the WHO STEPwise approach to chronic disease surveillance tool (55).

The questionnaire held sociodemographic, life style, physical measurements, clinical
characteristics and biochemical measurements developed after a review of literatures.
Information on tobacco use, alcohol consumption, fruit and vegetable consumption, type of
oil commonly used (saturated or unsaturated), physical activity, physical measurement, blood
glucose level, lipid profiles testing, chronic disease history and family history of diabetes
mellitus were collected. Standard procedures adapted from the WHO STEPwise guideline

were used to measure weight, height, blood pressure and blood glucose level.
Sociodemographic and clinical characteristics data of the participants

Clinical nurses who were pre-oriented on how to collect the sociodemographic data of the
study participants by using the customized WHO STEPwise questionnaires collected
variables like; age, sex, marital status, occupational status, religion, educational status,
monthly income and family history of diabetes status of the participants. They were also
collected clinical history of raised blood glucose level and raised blood pressure within the

past 12 months using structured interview.
Anthropometric and blood pressure measurements

Anthropometric assessments included height, weight, waist circumference, and systolic and
diastolic blood pressure (BP) measurements. Participants’ weight was measured after they
were instructed to do so and stood on a digital adult weighing scale (UNICEF seca gnbh and
co.kg. Germany) and recorded in kilograms to the nearest 0.1kg. Participants’ height was also
measured by sliding meter without them wearing footwear or head gear. Before the reading

taken, the participants were requested to have their feet together, heels against the back
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board, knees straight and look straight ahead. The reading was recorded in centimeters to the
nearest 0.1cm. Their body mass indices were calculated from the body weight (kg) and height

(m) by dividing weight to height square (kg/m?).

Waist circumference (WC) was measured at the approximate midpoint between the lower
margin of the last palpable rib and the top of the iliac crest, using a flexible plastic tape. The
measurements were taken by wrapping the tape around waist directly over the light clothing
after the participants put off heavy clothes, stood with their feet together and their arms at
side of their body with the palms of their hands facing inwards and breathe out gently. WC

values > 102 (for men) and > 88cm (for women) were considered high (3).

Blood pressure (BP) measurements were taken by clinical nurse in a sitting position after the
participant allowed to take a rest without crossing over their legs and supported at the back
from the right arm using a digital blood pressure measuring apparatus (Fazzini-Itali). Three
readings were taken 5 minutes apart, and the mean was considered as the final BP result as
per WHO recommendation. The right arm was used for this measurement. Blood Pressure
definition- systolic measurement of <140 mmHg and diastolic measurement of <90 mmHg
referred as normal and systolic measurement of >140mmHg and/or diastolic measurement of

> 90mmHg defined as hypertension(25)(3).
Life style checks

Participants were interviewed for life styles like current smoking of any tobacco products and
current alcohol drink like bear, wine, arake or tella within the past 30 days before data
collection, frequency of fruits and vegetables consumption per week, types of oil or fats
mostly used to prepare meal at home. They were also interviewed for physical exercises.
Vigorous intensity activities that cause large increase in breathing or heart rate like carrying
/lifting heavy loads, digging or construction works and vigorous intensity sports, fitness, or
recreational activities that cause large increase in breathing or heart rate like running or
playing football for at least 10 minutes continuously. Moderate intensity activity like
walking/use bicycle for at least 10 minutes continuously. Sedentary life style such as sitting
at home or work places, sitting with friends, travelling in cars, reading or watching television

but not including time spent sleeping.

Biochemical measurements
After the collection of sociodemographic characteristics, clinical characteristic,
anthropometric blood pressure measurement and lifestyle check participants were instructed
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to be on overnight fasting (>8 hours). In the early morning of the next day, data collectors
drew 5mL of blood from each participant in gel separator tube to determine the levels of TC,
HDL-C, LDL-C, TG and fasting blood glucose in milligram per deciliter. The collected blood
sample was stayed for 30 minute to facilitate clotting and transported to Assosa general
hospital by means of triple packaging. The Roche/Hitachi cobas ¢ 311 analyzer (Basel,
Switzerland), an automated, software-controlled system for clinical chemistry were used to
analyze the analytes. Fasting blood glucose level was measured using the hexokinase method.
Participants who had fasting glucose levels of 126mg/ dL or above were repeated sample for
second time on the next morning and checked for clinical sign and symptoms. Then those
participants who have fasting glucose level of 126mg/dl or above for two consecutive fasting
blood glucose level were classified as diabetic, while those who had between 100 and
125mg/dL were considered as impaired fasting glucose or prediabetic cases (1,40). The
anomalous results on lipid profile and fasting blood glucose were reported immediately to the

physician for further diagnosis and treatment.

4.8 Test principles of the laboratory analytes

Determination of fasting blood glucose level

Cobas c311(Basel, Switzerland ) chemistry analyzer was used to determine blood glucose by

hexokinase method. Cobas is a closed system which uses its own factory reagents.

Principle: Hexokinase catalyzes the phosphorylation of glucose to glucose-6-phosphate by
ATP. Glucose-6-phosphate dehydrogenase oxidizes glucose-6-phosphate in the presence of
NADP to gluconate-6-phosphate. No other carbohydrate is oxidized. The rate of NADPH
formation during the reaction is directly proportional to the glucose concentration.

Lipid-profile: Basic lipids that are measured in the laboratory include total cholesterol,
triglycerides, HDL cholesterol, and LDL cholesterol. They were measured by Cobas c311

clinical chemistry analyzer.

Principle of total cholesterol: An enzymatic colorimetric test method used to determine
cholesterol in human serum. Cholesterol esters were break down by cholesterol esterase to
release free cholesterol and fatty acids then cholesterol oxidized by cholesterol oxidase to
cholest-4-en-3-one and hydrogen peroxide. In the presence of peroxidase, hydrogen peroxide
coupled with phenol and 4-aminophenazone to form a red quinonimine dye. The color
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intensity of the dye formed is directly proportional to the cholesterol concentration. It is

decided by measuring increase in absorbance.

Principle of triglyceride: Triglycerides are hydrolyzed by lipoprotein lipase to glycerol and
fatty acids. Glycerol is phosphorylated to glycerol-3-phosphate in ATP requiring reaction by
glycerol kinase. Glycerol-3-phosphate is oxidized by glycerol phosphate oxidase to form
dihydroxyacetone phosphate and hydrogen peroxide. In the presence of peroxidase, hydrogen
peroxide affects the oxidative coupling of 4-chlorophenol and 4-aminophenazone to form a
red-colored dye. The increase in absorbance is directly proportional to the concentration of

triglycerides in the sample.

Principle of HDL-C: Homogeneous enzymatic colorimetric method is used. In the presence
of magnesium ions, dextran sulfate selectively forms water-soluble complexes with LDL,
VLDL, and chylomicrons which are resistant to PEG-modified enzymes. The cholesterol
concentration of HDL-cholesterol is found enzymatically by cholesterol esterase and
cholesterol oxidase coupled with PEG to the amino groups. Cholesterol esters are broken
down quantitatively into free cholesterol and fatty acids by cholesterol esterase. In the
presence of oxygen, cholesterol is oxidized by cholesterol oxidase to delta 4-cholestenone
and hydrogen peroxide. In the presence of peroxidase, the hydrogen peroxide generated
reacts with 4-amino-antipyrine and HSDA (Sodium N-(2-hydroxy-3-sulfopropyl)-3, 5-
dimethoxyaniline) to form a purple-blue dye. The color intensity of the blue dye formed is
directly proportional to the HDL-cholesterol concentration. It is figured out by measuring the
increase in absorbance photo metrically.

Principle of LDL-C: Homogeneous enzymatic colorimetric assay used for determination of
LDL-cholesterol. LDL-cholesterol selectively solubilized by a nonionic detergent. In the
presence of Mg++ a sugar compound markedly reduces the enzymatic reaction of the
cholesterol measurement in VLDL and chylomicrons. The combination of a sugar compound
with detergent enables the selective determination of LDL-cholesterol in serum. In the
presence of cholesterol esterase, cholesterol esters quantitatively break down into free
cholesterol and fatty acids. In the presence of oxygen, cholesterol is oxidized by cholesterol
oxidase to delta 4-cholestenone and hydrogen peroxide. In the presence of peroxidase, the
hydrogen peroxide generated reacts with 4-aminoantipyrine and HSDA to form a purple-blue
dye. The color intensity of this dye is directly proportional to the cholesterol concentration

and is measured photo metrically.
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4.9 Data quality management

Quality of questionnaire, laboratory investigation and anthropometric measurements were
guaranteed by following different mechanism. Checking consistency of questionnaire
meaning as English version translated to Ambharic then back translation to English by
individuals who understand both English and Ambharic. Orientation was given for data
collectors and the questionnaires were checked for consistency, completeness, clarity, and

accuracy at the end of each data collection day.

To sustain quality of laboratory data daily maintenance of clinical chemistry analyzer was
done, standard operating procedures were followed during specimen collection and
processing of samples, daily quality controls were done for lipid profiles and fasting blood
glucose tests before running patient samples. Expiration date for all reagents were checked,
calibration was done for new reagent lot number and all the laboratory process was overseen

by principal investigator.

To keep quality of anthropometric measurements calibrated weight and height measuring
instrument was used and non-stretchable fiber tape was used to measure waist circumference.

Furthermore, data were entered in epi data version 3.1, which improve data quality.

4. 10 Statistical analysis

After checking the data for completeness, missing values and coding of the questionnaires,
the data were entered into Epi data version 3.1(Epi-Data, Odense, Denmark) and analyzed by
using Statistical Package for Social Sciences (SPSS) version 25 (IBM, Chicago). Continuous
and categorical variables were summarized by tables, graph, and descriptive statistics. The
overall prevalence and associated factors were determined and recorded using the descriptive
and inferential method of data analysis. Residuals were normally distributed and there was no
multicollinearity among the independent variables included in the model and satisfied the
assumptions of multiple logistic regression. Descriptive statistics were used to summarize the
characteristics of study participants. Bivariate and multivariable analyses were used to assess
the association between the explanatory variables and the outcome variable to control the
effect of confounding and to see the independent effect of each variable on diabetes.
Associations between independent variables (age, sex, cigarette smoking, alcohol use,
physical inactivity, etc.) and diabetes mellitus were analyzed first using bivariate analysis (in
the binary logistic regression) to identify factors eligible for the multivariable binary logistic
regression analysis. Those variables with p-value < 0.25 in the bivariate analysis were
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included in the multi-variable analysis. The Hosmer and Lemeshow goodness test were used
to assess the fitness of the model. The magnitude of the association was measured using the
regression coefficient B, the so called adjusted odd ratio (AOR) and 95% CI. A p-value
<0.05 was considered statistically significant.

4.11 Ethical consideration

Ethical approval was obtained from the Ethical Review Board (ERB) of Institute of Health,
Jimma University. Moreover, a letter of support was written from Jimma university research
coordination office to Benishangul Gumuz Regional Health Bureau (BGRHB) and Assosa
general hospital; from BGRHB to Assosa town administration health department; from health
department to the two Assosa town district administrations and finally from Assosa town
district administrations to the selected zones (kebeles). In addition, prior to data collection,
written informed consent was obtained from each study participant following an explanation

of the purpose and the possible risks of the study by the language they understand.

Participation in the study was voluntary and refusal was allowed. To ensure confidentiality of
data, study participants were named using codes and unauthorized persons were not able to
access the collected data. In addition, the clinical specimen collected during the study period
was used for the stated goals only. The study participants’ result was reported to the
physician for proper management and care. Participants who were an unaware of that they
had diabetes ahead of the study were linked to Assosa general hospital for further diagnosis

and management of their conditions.

4.12 Plans for dissemination and utilization of results

The findings will be presented to Jimma University, Faculty of Health Science, School of
Medical Laboratory Science. It will also be issued through publication on peer reviewed
scientific journals and presented on scientific conferences. The study finding and
recommendation will be given to Benishangul Gumuz Regional Health Bureau (BGRHB).
The copy of the result will be submitted to Jimma University Faculty of Health Science.
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CHAPTER-FIVE: RESULTS

5.1 Socio demographic characteristics of the study participants

A total of 560 participants were involved in the study with a response rate of 98.1%. Six
individuals were disagreed to take part in this study because of the fear of vein puncture in
the blood sample collection, while five study participants excluded from the study due to

insufficient blood samples for laboratory analysis.

The age of the participants was ranged from 18-98 years and the median (IQR) age was 35
(27-45) years. The maximum number of participants 220 (39.3%) were between age group of
30-44 years, 304 (54.3%) male, 362 (64.6%) married, 201 (35.9%) had college diploma and
above, 260 (46.4%) were Orthodox by religion, 308 (55.0%) had low monthly income
between 0 to 2251 ETB, 58 (10.4%) of participants had a positive family history for diabetes
mellitus, among whom 51.7% of them were related to their mothers and about one third

(36.4%) of the study participants were unemployed (family dependent and homeworkers).

5.2 Behavioral Characteristics of the study participants

Out of the total participants, about 30 (5.4%) reported that they were cigarette smokers
(within the preceding month of data collection). Among the current smokers 50% used to
smoke 5-8 cigar per a day. The prevalence of current alcohol use among the study
participants was 22.7%. A considerable proportion of the alcohol users were in the age group
of 3044 years.

In the month preceding the interview, about 6.8% participants had never eaten fruits. In the
same manner, 4.3% of participants had never consumed vegetables. Among those who had
consumed fruits 38 % and among those who consumed vegetables 86% of the participants,

consumed less than five days for fruits and vegetables per week.

About three out of five participants (62.1%) reported they have commonly used saturated fats
(palm oils) for meal preparation; out of them, 3.9% were diabetic.

Only 18.9% of the respondents’ physical activity met the WHO recommendations. Likewise,
63.9% of the participants did physical activity like walking or riding bicycle for less than 150
minutes in the week before the data collection. In addition, about 20.5% of the respondents

spent an average of more than 8 hours per day deskbound/sitting.
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Table 2: Socio-demographic characteristics of the study participants in Assosa town, West
Ethiopia December 1/2021 to January 28/2022 (N= 560).

Variable Response Frequency Percentage (%)

Sex Male 304 54.3

Female 256 45.7

Age 18-29 193 345

30-44 220 39.3

45-59 106 18.9

>= 60 41 7.3

Marital status Married 362 64.6
Not married 145 25.9

Widowed 29 5.2

Divorced 24 4.3

Educational status Diploma and above 201 35.9
Primary school (1-8) 171 30.5

Secondary school (9-12) 109 19.5

No formal education 79 14.1

Occupation Unemployed 204 36.4
Self-employee (merchant) 141 25.2

Government employee 123 22.0

Others (Students...) 60 10.7

Private (NGO) employee 32 5.7

Religion Orthodox 260 46.4
Muslim 212 37.9

Protestant 87 15,2

Catholic 1 0.2

Monthly income Low (0-2250 ETB) 308 55.0
Middle (2251-39700) 231 41.3

High (>=39700) 21 3.8

Family history of Yes 58 10.4
DM No 502 89.6

Family member Mother 30 51.7
with history of DM Father 16 27.6
(n=58) Brother 9 15.5

Sister 3 5.2
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Table 3: Behavioral Characteristics of the study participants of the study participants in
Assosa town, West Ethiopia December 1/2021 to January 28/2022 (N=560)

Variable Category Frequency Percentage (%)

Current smoking Non-smoker 530 94.6
Smoker 30 54

Number of cigarettes 1-4 cigar 14 46.7
smoked daily (n=30) 5-8 cigar 15 50
9-12 cigar 0 0

>12 cigar 1 3.3

Current alcohol use Non-drinker 433 77.3
Drinker 127 22.7

Frequency of 1-4 days/month 67 52.8
drinking (n=127) 1-4 days/week 48 37.8
5-6 days/week 6 4.7

Daly 6 4.7

Fruit consumed in Daily 24 4.3
the last week 5-6 days/week 29 5.2

1-4 days/week 469 83.8

Never 38 6.8

Vegetables consumed in Daily 19 3.4
the last week 5-6 days/week 33 59

1-4 days/week 484 86.4

Never 24 4.3

Types of oil commonly Saturated oil 348 62.1
used Unsaturated oil 212 37.9

Physical activity Active 106 18.9
Moderate 96 17.1

Inactive 358 63.9

Time spent sitting in Less than one hour 59 10.5
the last week 1-4 hours 200 35.7

5-8 hours 186 33.2

More than 8 hours 115 20.5

Key:- BMI*= Body Mass Index, WC*= Waist Circumference
5.3 Anthropometric, Clinical and Biochemical Measurements of the Study Participants

Blood pressure was measured three times and the average was recorded. The mean systolic
blood pressure was 106.7mmHg, and the mean diastolic blood pressure was 75.4 mmHg.

Regarding their hypertensive status (defined as systolic blood pressure of greater than or
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equal to 140 mmHg and/or diastolic blood pressure of greater than or equal 90 mmHg), 4.5 %
and 9.6%, respectively, were found to be systolic and diastolic hypertensive

Regarding their clinical history of chronic diseases 27 (4.8%) of participants had previous
history of raised blood pressure. The higher percentage of previously raised blood pressure

was observed among male participants (63%) than female (37%).

The mean total cholesterol, triglycerides, high density lipoprotein (HDL), low density
lipoprotein (LDL) and fasting serum glucose level of the participants were 172.8 mg/dl, 130.4
mg/dl, 46.1 mg/dl, 95.0 mg/dl and 85.2 mg/dl, respectively. The prevalence of diabetes
mellitus among participants with hypercholesteremia, high triglycerides and high LDL (bad
cholesterol) were 9/61 (14.7%), 19/80 (23.7%) and 11/45 (24.4%) respectively.

Table 4: Biochemical, clinical history and anthropometric characteristics of study
participants in Assosa town, West Ethiopia December 1/2021 to January 28/2022 (N=560)

Variable Category Frequency Percent (%0)

Total cholesterol <200mg/dl 499 89.1
> 200mg/dl 61 10.9

Triglyceride < 150mg/dl 480 85.7

> 150mg/dl 80 14.3

LDL < 130mg/dl 515 92

> 130mg/dl 45 8

BMI Normal 419 74.8

Abnormal 141 25.2

WC Male <102cm 251 82.6

> 102cm 53 174

Female < 88cm 139 54.3

> 88cm 117 45.7

SBP Normal 535 95.5
Hypertensive 25 4.5

DBP Normal 506 90.4
Hypertensive 54 9.6

Previously diagnosed No 533 95.2
hypertensive Yes 27 4.8
Previously diagnosed No 550 98.2
diabetic Yes 10 1.8

Keys:- SBP = systolic blood pressure, DBP= diastolic blood pressure, BMI= Body Mass
Index, LDL= low density lipoprotein, WC= waist circumference
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5.4 Prevalence of diabetes mellitus and pre-diabetes

The overall prevalence of diabetes mellitus was found to be 22 (3.9%) participants with
(95% CI; 2.31- 5.54), whereas the prevalence of pre-diabetes is 49 (8.8%) of the
participants. Of participants who were found to be diabetic, 12 (54.5%) of them were newly

diagnosed (previously undiagnosed diabetes).

Prevalences of Diabetes and Prediabetes

Diabetes and
Frediabhetes category

Diabetic
FPrediabetic
Mormoglycemia

Figure 3: A figure depicting the prevalence of diabetes mellitus and prediabetes among study

participants in Assosa town; West Ethiopia December 1/2021 to January 28/2022.

5.5 Prevalence of DM by socio-demographic, Behavioral, Anthropometric and

Biochemical characteristics

The prevalence of DM seems to be similar between males [3.95% (95% CI; 1.75-6.15)] and
in females [3.91% (95% CI; 1.52-6.30]. It was found to be highest among 45-59 age groups.

Out of current cigarette smoking participants about 6.7% were found to be diabetic. Among
the current alcohol users 3.2% were found to be diabetic. Of participants who consumed
fruits 11.8% of them and of participants consume vegetables 8.3% of them were found to be
diabetic. Among participants using saturated oil for regular cooking at home 2.9% were

found to be diabetic.

The prevalence of diabetes mellitus among participants with abnormal body mass index was
12.1%, whereas 53% and 5.1% among males and females participants with abnormal waist

circumference measurements, respectively. The prevalence of diabetes mellitus among
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hypertensive participants was found to be 32% in systolic and 24% among diastolic ones.

While among previously hypertensive participants, 5 (18.5%) were found to be diabetic.

Table 5: Socio-demographic, Behavioral, Anthropometric and Biochemical characteristics

and the association with diabetes mellitus in Assosa town, West Ethiopia December 1/2021

to January 28/2022 (N=560)

Variable Category DM COR 95% CI P-value
Yes N(%) No N(%)
Sex Female 10 (3.9) 246 (96.1)
Male 12 (3.9) 292 (96.1) 1.011 0.43-2.4 0.98
Age 18-29 2 (1) 191 (93)
30-44 4(1.8) 216(98.2) 1.77 0.32-9.76 0.51
45-59 10(9.4) 96 (90.6) 9.95 2.14- 4,63 0.003*
> 60 6(14.6) 35(85.4) 16.4 3.2-8.44 0.001*
Occupational Employee 7(5.7) 116 (94.3)
status Unemployed 7(3.4) 197(96.6) 0.59 0.2-1.7 0.33
Private 1(3) 31(97) 054 0.06-4.5 0.56
Self 6(4.3) 135(95.7) 0.74 0.24-2.25 0.59
Others 1(0.2) 59(10.5) 0.281 0.03-2.34  0.240*
Previously No 17(3.2) 516(96.8)
hypertensive Yes 5(18.5) 22 (815) 6.90 2.33-20.41 <0.001%*
Oil type used Unsaturated 12 (5.7) 200 (94.3)
regularly Saturated 10(2.9) 338(97.1) 0.49 0.21-1.16 0.11*
Frequency of  1-4 day/month 1(1.5) 66(98.5)
alcohol  1-4 days/week 3(6.3) 45(93.7) 4.4  0.44-43.65 0.21*
consumption  5-6 days/week 0 (0) 6 (100) 0.00 0.00 0.99
(n=127) Daily 0 (0) 6 (100) 0.00 0.00 0.99
Smoking No 27 (5) 511 (95)
Yes 3(13.6) 19(86.4) 3.0 0.83- 10.7 0.093
Time spent  Less than lhr 1(1.7)  58(98.3)
sitting in 24 1-4 hrs 4 (2) 196 (98) 1.20 0.13-10.8 0.88
hrs 5-8 hrs 5(2.7) 181(97.3) 1.60 0.18- 14.0 0.67
>8hrs 12(10.4) 103(89.6) 6.76 0.86- 53.3 0.07*
FHDM No 14 (2.8) 488(97.2)
Yes 8 (13.8) 50(86.2) 5.58 2.23-13.94 <0.001%*
Total <200mg/dl 13(2.6) 486 (97.4)
cholesterol > 200mg/dl 9(14.8) 52 (85.2) 6.47 2.64-15.90 <0.001%*
Triglyceride < 150mg/dl 3(0.6) 477 (99.4)
>150mg/dl 19 (23.8) 61 (76.2) 495 14.2-172.2 <0.001%*
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LDL <130mg/dl  11(2.1) 504 (97.9)
> 130mg/dl 11 (24.4)  34(75.6) 14.8 6-36.6 <0.001%

BMI Normal 5(1.2) 414 (98.8)
Abnormal 17 (12.1) 124 (87.9) 11.35 4.1-31.40 <0.001*

WC  Male <102cm 4(1.6) 247 (98.4)
>102cm  8(15.1)  45(84.9) 11.0  3.2-38.0 0.001*

Female < 88cm 4(2.9) 135 (9.1)
> 88cm 6(.1) 111(949) 182 0.50-6.63 0.36

SBP Normal 14 (2.6) 521 (97.4)

Hypertensive 8 (32) 17 (68) 175 6.50-47.30 <0.001*
DBP Normal 9(1.8) 497(98.2)

Hypertensive 13 (24.1) 41(7.9) 1751 7.10-43.4 <0.001*

Key:_ SBP= systolic blood pressure, DBP = diastolic blood pressure, LDL= low density

lipoprotein, BMI= Body Mass Index and WC= waist circumference

The prevalence of diabetes mellitus among participants with abnormal biochemical
measurements were found to be 14.75% for hypercholesterolemia, 24.4% for high LDL and

23.75% for hypertriglyceridemia.

5.6 Factors associated with diabetes mellitus

In the bivariate analysis, variables significantly associated with diabetes mellitus and
identified as the candidate variables for multivariable logistic regression with p-value < 0.25
were age > 45 (45-59 and >60) years, occupational status being student or retired from
governmental work negatively associated), FHDM, current alcohol use of 1-4 days/week,
saturated oil, previous hypertension, spending on average more than 8 hours sitting per day,
hypercholesterolemia, high triglyceride level, bad cholesterol, abnormal BMI, abnormal waist

circumference in males, systolic blood pressure and diastolic blood pressure.

In the bivariate analysis, current alcohol use of 1-4 days per week has a statistically
significant association with diabetes. However, current cigarette smoking was not
significantly associated with diabetes. Saturated oil has a statistically significant association
with diabetes. However, fruits and vegetables has not showed a statistically significant
association with diabetes. Physical activity of the participants was not significantly associated
with diabetes mellitus. However, those who spent an average of more than 8 hours per day

sitting had an increased risk of diabetes.
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Further multivariable analysis was performed to control the effects of confounders and to
estimate the independent effects of the explanatory variables on the outcome variable. So,
self-employment, abnormal triglyceride level and diastolic hypertension were found to be
significantly associated with diabetes mellitus, while extensive use of saturated oil and

hypercholesterolemia were negatively associated with diabetes mellitus.

The odd of developing diabetes mellitus was about 18 times more likely among self-
employed when compared to governmental employee (AOR = 18.24, 95% CI; 1.04-319.9).
The odds of developing diabetes mellitus were as high as 21.8 times among participants with
higher triglycerides than those with normal triglycerides level (AOR = 21.8, 95% CI; 18.2-
2604.8). Similarly, those participants who were diastolic hypertensive were eight times more
likely to be diabetic than those who were not diastolic hypertensive (AOR = 8.24, 95% ClI;
1.01-66.9). Hypercholesterolemia and using saturated oil for food preparation were

negatively associated with development of diabetes mellitus.

Table 6: Bivariate and multivariate logistic regression analysis of factors associated with
diabetes mellitus among study participants in Assosa town, West Ethiopia December 1/2021
to January 28/2022 (N=560)

Variable DM COR 95% CI AOR 95% CI P-value
Yes No
Occupational status
Government employee 7 116
Unemployed 7 197 059 0.2-1.7 3.05 0.28-33.1 0.36
Private(NGO) 1 31 054 0.06-4.5 3490 0.48-2555.7 0.11
Self employed 6 135 0.74  0.24-2.25 18.24 1.04-319.9 0.047*
Others 1 59 0.281 0.03-2.34 0.83 0.024-29.1 0.92

Total cholesterol

<200mg/dl 13 486
>200mg/dl 9 52 647 264-1590 0035 0.002-0.66  0.025*%

Triglyceride

<150mg/dl 3 477
>150mg/dl 19 61 495 14.2-1722 218 18.2-2604.8 <0.000*

DBP

Normal 9 497
Hypertensive 13 41 1751 7.10-434 8.24 1.01- 66.9 0.049*

Oil used regularly

Unsaturated 12 200
Saturated 10 338 0.49 0.21-1.16 0.11 0.02-0.79 0.028*

*Significantly associated, DBP= diastolic blood pressure
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CHAPTER-SIX : DISCUSSION

To our best knowledge, this study was the first in Assosa Town to assess the prevalence and
associated factors of DM among the adult population. In this study, we have uncovered an
inclusive prevalence of both diagnosed and undiagnosed diabetes mellitus 3.9% (95% CI,
2.31- 5.54) in the study area. Which is expected in urban setting and comparable to 3.2%
national estimated and 3.9% sub-Saharan Africa regions previously reported by International
Diabetes Association (IDF) in 2019 (24).

More than half (54.5%) of the diabetes cases were newly diagnosed in our study, so that they
did not aware of their diabetic status preceding the study and thus untreated. This finding is
supported by reports from Dessie, North Ethiopia (72.5%) (56); Mizan Amman (88.5%) and
Southern Ethiopia rural setting (54%) (33,57) of previously undiagnosed diabetes at
different periods of study. The high rate of undiagnosed diabetes might be due to less
understanding of the public on the condition. Giving information to the community
concerning the burden of chronic diseases like diabetes mellitus to initiate them for screening
if suspected is better.

The determined prevalence of DM in the current study was higher than 1.9% that was
reported in 2018 from Southern Ethiopia rural setting community-based study, suggesting an
increasing trend of diabetes mellitus in the urban dwellers than the rural ones may be due to
population characteristics, life style and sampling technics. In addition, this result was higher
than those from other studies done in Addis Ababa 2.6% and Benin 1.4% (57-59).

On the other hand, the current prevalence of DM was lower than the results reported from
different studies conducted in various parts of Ethiopia at different study periods. These were
Mizan Aman 6.5%, Dessie Town 6.8%, Hossana Town 5.7%, and Dire Dawa 8.95%
(33,34,56,60). Moreover, our result was also not as much of the findings from Bangladesh,
India (9.75%), Rural Indigenous Guatemala (13.81%) and Addis Ababa public health
facilities (14.8%)(61-63).

Variations may be due to differences in the sociodemographic characteristics of study
participants, sample sizes, and time frames. Compared to studies done in Hawassa zuria
district, might be the current study was conducted only among urban residents. If we compare
the prevalence of the DM with the study conducted at Addis Ababa public health facilities,

the study participants might patients who have gone to health facilities seeking for health
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care, whereas in the current study participants were randomly selected individuals from the

community.

Factors significantly associated with DM were occupational status (being self-employment),
being hypertensive (diastolic hypertension) and high triglyceride levels, while
hypercholesterolemia level and commonly use of saturated oil in daily diet were showed
negative association with diabetes.

Even though not significant, participants with BMI > 25.0kg/m2 (both overweight and obese)
category and abnormal waist circumferences had high chance of developing diabetes
(34,35,61,64). The insignificant association in the current study may be due to small sample
size in the BMI > 25.0kg/m?category and abnormal waist circumferences. Obesity causes
insulin resistance, decreases insulin-stimulated glucose release, leading to the development of

diabetes and prediabetes condition (53).

The earlier study has shown that the prevalence of abdominal obesity was 16.5%
(95%Cl:14.2-19.2) (65). Waist circumference is one of the indicator of abdominal obesity.
Abdominal obesity in turn is an independent risk factor for a range of non-communicable
diseases such as cardiovascular diseases (CVD) and type-2 diabetes mellitus and high blood
pressure (66). It is essential to understand that the associated health problems with non-

communicable diseases have significant negative impact on economic development.

In our study, diabetes was significantly associated with diastolic hypertension. Earlier studies
in different regions of Ethiopia showed that the prevalence of hypertension is high and
increasing (34,56,57,67). It was also seen in this study with crude systolic hypertension and
diastolic hypertension of 17.5% and 17.51 %, respectively. Thus, we suggest that the
increasing prevalence of hypertension may play its role in increasing prevalence of diabetes.

Although, the findings of current study showed non-significant association between DM and
performing regular physical activities (64), in other earlier studies, the physical inactivity had
to play a role in the development of diabetes (68) and physically active parameter was
significantly associated with diabetes in study conducted among Addis Ababa public health
facilities (69).

In our survey, respondents who consumed saturated oil in daily basis were greater in
frequency, however, they possess less prevalence of diabetes mellitus when compared with

those who did not use saturated oil in this study. Now, the relationship between DM and
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saturated oil consumption on daily basis was negatively associated. This association might be

masked due to large number of participants who used to consume saturated oil on daily basis.

Elevated levels of total cholesterol in other studies (56,64,70-72) showed significant
association with diabetes. However, in our case, its decreasing level was risk factor for the
development of diabetes. Cholesterol is certainly the most widely known lipid because of its
strong correlation with elevated levels of cholesterol in the blood and the incidence of human
cardiovascular diseases. Less healthy importance of cholesterol is its crucial role as a part of
cellular membranes and as a precursor of steroid hormones and bile acids. It is an essential
molecule in many animals, including humans, but is not needed in the mammalian diet as all
cells can synthesize it from simple precursors (73). The previous studies conducted in
different areas indicated that increased concentration of total cholesterol in human blood is

positively associated with the prevalence of diabetes mellitus (35,64,70,72,74) .

Diabetes was significantly associated with triglycerides of >150 mg/dl. This finding was
supported by earlier studies conducted in Ethiopia (69) and elsewhere in other countries
(64,71).

DM showed significant association with occupation (self-employed participants). Moreover,
unemployed participants showed similar prevalence of DM compared with governmental
employees (31.8%) and non-governmental employees and others (4.5%). This was in line

with study conducted in semi-urban Saudi population (64).

Though the current study had no capability to show significant relationship between diabetes
mellitus and increasing age (>45 years), there was increased percent of respondents seen to
be diabetic in frequency distribution. This increased age versus diabetes relationship was seen
often in earlier studies (58-61,63,75).

The finding of present study revealed that the prevalence of diabetes mellitus, especially,
those did not diagnose before and hidden in the community were high. It indicates that there
might be a large number of people who have DM but are not aware of it. It is known that not
early diagnosed and left untreated cases of chronic disease like diabetes mellitus are led to

micro or macro vascular complications
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6.2 Strength and limitation of the study

6.2.1 Strength of the study

The study was conducted at community level on sample size which was supposed to be
representative in the study area and blood sugar level was measured on fasting at least for
eight hours overnight in order not to relay on self-report of the condition, so that previously
undiagnosed raised blood sugar cases were identified. The study employed three data
collection methods (participants interview, physical measurements, and blood tests using
standard procedures), which allowed for the inclusion of all potential explanatory factors
(variables). Moreover, the WHO STEPwise approach to chronic diseases surveillance tool
was used to conduct this study, which can provide comparability of our findings with other

similar studies globally.

6.2.2 Limitation of the study

This study has methodological limitation of cross-sectional study design which does not
establish temporal relationship between the dependent and independent variables. It is also
obvious that some of the variables were taken for a study period only. For instance,
vegetables and fruits consumption questions were assessed for one week prior to the survey,
while alcohol consumption for thirty days before the study, so that it might not stand for the
usual pattern and participants may have been prone to recall bias. Furthermore, as the number
of abnormal body mass index in our study were few, its statistically significant association
with diabetes was masked. Differentiation of Type 1 and Type 2 diabetes mellitus was not
possible in this study. Hence, we recommend research that can address these problems by
employing observational study designs and by recruiting study participants prospectively.
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Chapter- Seven : Conclusion and Recommendation

7.1 Conclusion

We have summarized that almost comparable prevalence of diabetes mellitus was uncovered
when compared to nationally estimated prevalence of diabetes. Hypertriglyceridemia,
diastolic hypertension and occupational status like self-employment were positively
significantly associated with diabetes mellitus. On the other hand, hypercholesterolemia and
commonly using saturated oil for daily cooking purpose were negatively associated with the
development of diabetes mellitus.

7.2 Recommendation

Based on findings we recommend the program officers for mass screening of the community
for diabetes mellitus, reducing sources of risk factors like fatty foods that supply large
amount of glycerol in our body, the health extension professionals should give health
education on prevention of the disease, clinicians needed to treat those found to have diabetes
in this survey and other interested researchers can use this finding as base line to explore
more on the condition. We tell healthy lifestyle measures (like physical activity and healthy
diet) that might reduce burden of diabetes mellitus which could be evaluated in future

research.
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AnNnexes

Annex i. Questionnaire (English version)

INSTRUCTIONS: The questionnaire has a question, which were pertinent to the research
goals. Study participants were kindly requested to answer all questions carefully as much as
possible and the interviewer should fill blank spaces and encircle right choice according to

given alternatives and as participants response.

Interviewer ID:

Location of survey: Asossa Town (B/G/R/State

Date of Interview:

Consent has been obtained (Y/ N):

Participant ID:

Phone:

Step 1 questionnaire

Part I. Socio-demographic characteristics

SIN Questions Choices
101 Sex 1. Male 2. Female
102 Age Age in years ---------------
103 What is your Marital Status? 1. Never married 3. Separated / Divorced/
2. Currently married | 4. Widowed
104 The highest level | 1. No formal schooling 3. Secondary (high) school
of education you | 2. Primary school completed (1-8) completed (9-12)
have completed? 4. College/University completed
105 Ethnicity 1. Berta 5. Amahara
2. Shinasha 6. Maokomo
3. Gumuz 7. Tigrayan
4. Oromo 8.  Others specify ----------------
106 Religion 1. Muslim 3. Protestant
2. Orthodox 4. 4.Catholic
107 Estimated average monthly income of 1. <2250 (low income)
the household 2. 2251 — 39,700 (middle income)
3. >39,00 (high income)
108 Occupational status 1. Family dependent 5. Homemaker
2. Government employee 6. Retired
3. Non-government employee 7. Student
4. Merchant (self-employed)
109 Do you family story of DM? 1) Yes (1. Father, 2. Mother , 3. Brother, 4. Sister )
if yes, from whom member 2) No.

Part ii. Smoking habit, alcohol consumption, eating fruits and vegetables - Now | am going to ask you
some questions about various health behaviors. This includes things like smoking, drinking alcohol, eating
fruits and vegetables and physical activity.

110 1. Yes

2. No

Do you currently smoke any tobacco
products, such as cigarettes?

Ifnogoto Q111

If yes, how many 1. 1-4 sticks per a day 3. 9-12 sticks per a day
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sticks do you smoke daily? | 2. 5-8sticks per a day 4. Greater than 12 sticks per a day
111 | Have you consumed an alcoholic drink such as 1. Yes IfnogoQto112
beer, wine, arake or tella within the past 30 days? 2. No
If yes, how often have you had 1. Daily 4. 1-3 days per month
at least one alcoholic drink? 2. 5-6 days per week 5. Less than once a month
3. 1-4 days per week
112 | On how many days do you eat 1) Daily 3. 1-4 days per week
fruit per a week? 2) 5-6 days per week 4. Never
113 | On how many days do you eat | 1) Daily 3) 1-4 days per week
vegetables per a week? 2) 5-6 days per week 4) Never
114 | What type of oil or fat is most often used for 1)  Saturated oil (e.g., palm oil)
meal preparation in your family? 2)  Unsaturated oil (e.g., sunflower oil)

Part iii. Physical activity

Next, I am going to ask you about the time you spend doing diverse types of physical activity in a
typical week. Think of work as the things that you must do such as paid or unpaid work,
study/training, harvesting food/crops, fishing or hunting for food, seeking employment. In
answering the following questions 'vigorous-intensity activities' are activities that require hard
physical effort and cause large increases in breathing or heart rate, ‘moderate-intensity activities' are
activities that require moderate physical effort and cause small increases in breathing or heart rate.

115 | Does your work involve vigorous-intensity activity that 1. Yes If no go to
causes large increases in breathing or heart rate like [carrying Q116
or lifting heavy loads, digging or construction work] for at 2. No
least 10 minutes continuously?
In a typical week, on how many days do you do 1) daily
vigorous-intensity activities as part of your work? 2) 5-6 days per a week
3) 1-4 days per a week
How much time do you spend doing vigorous- 1) 15-8 hours per a day
intensity activities at work on a typical day? 2) 1-4 hours per a day
3) less than 1 hour per a day
116 | In a typical week, on how many days do you do | 1) daily If none go
moderate-intensity activities as part of your | 2) 5-6 days peraweek |toQ 117
work? 3) 1-4 days per a week
How much time do you spend doing moderate- 1) 15-8 hours per a day
intensity activities at work on a typical day? 2) 1-4 hours per a day
3) less than 1 hour per a day
117 | Do you walk or use a bicycle (pedal cycle) for at least 1) Yes If no gotoQ
10 minutes continuously to get to and from places? 2) No 118
If yes, on a typical week, on how many days do you 1) daily
walk or bicycle for at least 10 minutes continuously 2) 5-6 days per a week
to get to and from places? 3) 1-4 days per a week
How much time do you spend walking or bicycling | 1) 5-8 hours per a day
for travel on a typical day? 2) 1-4 hours per a day
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| | 3) less than 1 hour per a day

Recreational activities (sports)

The next questions exclude the work and transport activities; that you have already mentioned.
Now I would like to ask you about sports, fitness, and recreational activities (leisure).

118 | Do you do any vigorous-intensity sports, fitness or recreational 1) Yes |If no go to
(leisure) activities that cause large increases in breathing or 2) No | Q119
heart rate like [running or football] for at least 10 minutes
continuously?

If yes, how many days | 1. daily
do you do per week? 2. 5-6 days per a week 3. 1-4 days per a week

How much time do you spend doing vigorous- | 1. 5-8 hours per a day
intensity sports, fitness, or recreational activities | 2. 1-4 hours per a day
on a typical day? 3. less than 1 hour per a day

In a typical week, on how many days do you do moderate- | 1) daily
intensity sports, fitness or recreational (leisure) activities? 2) 5-6 days per a week
3) 1-4 days per a week

How much time do you spend doing moderate- 1) 5-8 hours per a day
intensity sports, fitness or recreational (leisure) 2) 1-4 hours per a day
activities on a typical day? 3) less than 1 hour per a day

Sedentary behavior

The following question is about sitting or reclining at work, at home, getting to and from places, or
with friends including time spent sitting at a desk, sitting with friends, traveling in car, bus, train,
reading, playing cards, or watching television, but do not include time spent sleeping.

119 | How much time do you usually | 1. Less than an hour 3) 5-8 hours per a day
spend sitting or reclining on a | 2.1-4 hoursperaday | 4) Greater than 8 hours per a
typical day? day

Part iv. History of raised blood pressure

=

120 | Have you previously diagnosed as hypertensive or your Yes
blood pressure measured high by a doctor or other health 2. No
worker in the past 12 months?

Part v. History of diabetes

=

121 | Have you previously diagnosed as diabetic or your blood Yes
sugar measured high by a doctor or other health worker in 2. No
the past 12 months?

Step 2 - Physical measurements

Part vi. Anthropometric measurements

122 Helght .......... cm

123 Welght .......... cm

124 | Waist circumferencecm) | emeeeeeee- cm

125 BMI(Kg/mZ) ---------- Kg/m2

Part vii. Blood pressure measurement

126 | Systolic Blood Pressure (SBP) in mmHg Reading 1 ---------------- mmHg
Reading 2 ---------------- mmHg
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125 | Diastolic Blood Pressure(DBP) in mmHg

Reading 3 ---------------- mmHg
Average reading -----------------------m----—-

Steps 3-Biochemical measurements

127 | Total cholesterol | s mg/d|
128 | Triglycerides | seeeeeeeeeeeees mg/d|
129 | HDL Cholesterol | s mg/d|
130 | Low density lipoprotein (LDL) | —=mmmmmmmmmeeeee mg/d|
131 | Blood glucose (FBS level) DLV — mg/dL
Day 2 ---------nenue- mg/dL(for those with >

126mg/dL individuals on day 1)
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Annex ii : Questionnaire in Amahric version

P20 aomPEe

PPGE NF: AdA bl (LEATHA 19PN hAAR aP70T)

APMBPT: PR oMPELM. PPHA. TOP ATGE GATT AF PPN GFO:: PPGE AAFLPT (4FA oM
TOPPET U-c AoPaoAh  MPEPET NP AI&hH e VRS AITmePAT:: PO aom@PT P9°04. ANa>-9PT
het 08 NFPTFF avav-d 16 HAMA. ATIER a0t KS +HaFaPE Fhhag err heFe ehase:

PGk N - | PR vFOEL RTC
PPATPMPELY P APATe €L AATFD.?

Pta e, 9P ---- P+AJq aPAP RTC
PIPTCOT /PN, ----- aAh &7

LB W& Ph oMeP
h&Al. TWNZANR AS TAR TEEPT

P LT o oCen Pt W ER gy
0 2F ) O
2) ot
102 | ALITW/0/PT O 102 0£9% %9t e
103 | LONF v31P7 LANGAT 1) ea0/F 3)  Phdek RTALE
2) £10/F 4) PO
104 | N&FG eFPPUCT 8LEPT | 1) PATIILT 3)  UATE LLE Penla/T
[y 2) W15 LLE Cenla/ T 4)  bAE RLOCAT PemlO/T
105 | 0PSO NBLAN hFh L ncH 5) A7
1972 2. T94q 6) 91k nP°
3. ravH 7) TP
4. hCP 8) AA 2106
106 | PFTO7 VRIITT The 1) aAngP 3) TChOF Tt
192 2) hCR&hh 4) htah
107 | POC MNSFQT A9°F MF14TT eFAN? 1) <2250 (NP4 10.)
2) 2251-39,700 (@°hhAF (L)
3) > 39700 (NG (L)
108 | he°htat o 1) O&AT/OFAN TS 4) P ac- A0t
Pa-8049 aePr 2) PPNt AT 5) MLIE
02PN PIPINAD. Pk 3) PR LAVT  &CET | 6) L0 Aar(Lt
12 Oetg 7) 16
109 | hAS7TH 0hO0 @O PNC AF FCh PAQ Ad? | 1) AP (1 AT 2 AS+ 3 O7%aP 4 hut)
ha 997 10.2 2) PAP°

heA vAt: 00 aeAhePT (P99 AG AADA ParmPd® ATCL)
WY $Phe PPPCO aPmEHF A A2 MG vIFPT GF@:: RIHYP AL HPOP T et oAt :
CLFLPTT WG KHFAPTT AAaPar1(1z PANA NPT ATPASOPTT DAPOCT LIPGA: FF9POP Wb hdh.:-

mo | QA7 0%t (LIEFPAP LanAan? 1) AP AP he NPT DL TP 1 LUS-
2) AR A0
am- NA9The PP 97 PUA | 1) AOh 4 (LD¢- 3) 9 Alh 12 ALD¢
LenAfe? 2) 5 Ah0h 8 (L¢ 4) 1z NAL
m (L& T OL7 héPi mA AT PPAONTT | 1) AP @A\OP he T @OL TEP 12
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1004 30 ¥GT QAT PO POPN? 2) A% hAenOd® [N

NNAé@. 30 ¢5F @AT PnT mPra | 1) v LH
Po9.e@.® Pt (LN APSP7 oot A9°T YA | 2) (497t 5 Ahh 6 ¢5T
10, emmt? 3) 04g°7t 1 Adh 4 +9F
4) 0oC1 Ahh 4 ¥9F
5) 0@OC h A28 +7 03T

nz | QAT @Ot art 7 1) vA Ll 3) 049°%rt 1 Adh 4 +9F
GG BNAN? 2) 0497t 5 A0h 6 P57t 4) ONFI° hAQPT°

n3 | 0aert oar 0t P 1) U 1H 3) 0ag°%7t 1 Adh 4 $5+
Athat gnan? 2) 049°7t 5 hah 6 P5F 4) ONFF° haapge

ng | 0 ATIHPET P FmPar(t Het ARTH 1) Palm oil (saturated oil)
go Ly 1.2 2) 2A0/R04/P11/ (unsaturated oil)

hed 3. PAhA NPT WFP0P0
hHY PTre PPPMePTU- TPPPTF NNTALE ANAR ATPOAPOPT NAPFT @AT AAPPFAAST LH SUPSA: AOhP
PePPET ONPPG LhFTATS PavAGAT: av8avg ¢ Navhct OAPPFHAAGT L Adlk: FhedePFa. ogge
ALNEAT@. ANIPTOGT 2¢F TEHAAMGE POF QAT 76-F £7¢- F0DG Pavant:
ns | PTGt e URA PULEAPM U4 PPICC DL PAN 9Ot 1) AP

PgoeRgC (NN AP aPAng® @RI 97t f o C F TINF) (LEI Alo 2) ALLAT

LEPPTF OFhFFL OPH LIPGA?

hrr 0ag7 @At A7 PUA PG I 1) oA
RIQHY AR (e PFOH(1G 2) 0Ag°%F 5 hah 6 ¢G5
3) 0Ag°%F 1 Adh 4 5
16 | (47 @ATO AT PUA (A%T 1. P90t 1) &5 Adh 8 A%T 047

2) A% Adh 4 A%t 07

3) 047 hAZE A%F 0T
nO 03 AN PP
PPhe PAT TOPPE (76 0F NATLLT KIPAPOPTT APRTIP: hu? AmEEPT P0L&h- h0F @f 0
AATPFLCTT RTPALSO APAN: DL 4% OFL APIOL NPT ML APAD (L AAPFLCT KTPAPA QUG

nz hog 0 aevrpadn (Le20 Ao LEPPT OFhrde AehAd? 1) &P
2mePTite? 2) AP AdmPI°I
htaeor (Aae 7k 07k P52 1) ULl

2) 049°7t 5 hah 6 ¢57F
3) 041 Adh 4 PG

07 Ot A%t/ Rbd? 1) 5 Ahdh 8 A%t NP7
2) 1A0h 4 0%t 07
3) 07 ho %t 0FF

UG 1HPT
P G eI CF RIPOPLAT ASIPANTIP: TIC 17 A OZ°CHE A AhA NP1G 910 ArPOLALTT Lovdhdd:
n8 | AZCtH/ANA AP HIPHTE ULAT PIPLAPME 4T PI%RIC MLI® PAN 9Ot | 1) AP

PIOPEIOC (482 PAYIC WPA R@F) (LN A10 LEPPT (FhFFe LOLN? 2) AAOCI®
QAg°rt @A AT PUA 7 aPhnAT | 1) v LH 3) 049°%7F 1 Adh 4 $GF
n9 | OZ°CT th hTPOPO LLCON? 2) 0497t 5 Adh 6 ¢G5+
07 +PPPm@ ePLANGF A%T 9°7 | 1) h AZC A%t 0T 3) 5 AQh 8 A%t
LU 102 2) 1hdh 4 0%t 4) v 8 A%t NAL
hGA 4 1 P29° A€t AT oA JCh
120 | N0ALD. 12 Ot PRI° AGEP & NAPA A H1ICPTD. COPPH? 1) AP 2) PA%®
122 | (1R9PFy- @A PPPTTAY AMC e°m? HAht@. ( faRC OhF | 1) AP
ANOTFAL) ANATFO. PDPN? 2) PAT°
L% U0 I 0T AT
124 | PkootADE (em) cm
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eh0et ant (kg) Kg
o0 &t (em) em
0% 990 2800 (Kgm?) Kg/m?
PLo et Aht
125 | AL0PAD £9° 9T (mmHg) (0 L (mmHg)
4.00FAh L9° et (mmHg) N 2 e (mmHg)
ATTNg PP AT TN - (mmHg)

mPAA PAFCA TLAGIIRAL ATC

tagahnseLa | TLAEIPILAL AC

nets &t fa@ ATE badCA | TAACIILN. A

HPHE 0T LA AT DAOFCA | TAGI°LA0 ATC

PG a7 (PP9° LI ( Fasting blood sugar) Day 1 - TLAEI°/L0 AHC
Day 2 TLAGP/ILA. AFC (POC aPmSTFa.
26 TLA69°/0. AC NAL AU L1970 Fa.)

AMATEP KGPATTAY!
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Annex iii: Laboratory request/result reporting format

Laboratory Request Form for lipid profile & Blood glucose

ID: - age:-----==-==mmm-m- SEX Immmmmmmmmmmmmmmmemeeee
Physician name :---------==-===-=------ signature:
TEST RESULT
TC mg/dI
TG mg/dI
HDL-C mg/dI
LDL-C mg /dI
FBS LEVEL Day 1 ----- mg/dL
Day 2 ----- mg/dL (for those with > 126mg/dL
individuals on day 1)

Reported By:

Name of lab technologist/ technician -------=======m==mmmmmm oo

Date reported =-=-=-===s=m=smm e e oo oo e

SIGNALUIE =-=n=mmmmm e e e
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Annex iv: Information sheet (English version)

Title of the research project: Prevalence of diabetes mellitus and associated factors among

adult individuals in Asossa Town, West Ethiopia.
Study design: Community-based cross-sectional study.
Name of researcher: Dagim Kemiso

Name of the organization: Jimma University, Institute of Health Sciences, School of

Medical Laboratory Sciences.
Name of the sponsoring organization: Jimma University

Introduction: This information sheet is prepared for the aim of explaining the research
project that you are asked to join by the group of research team.

This information sheet that supplied or read to you describes about the research. When the
data collector reads the information sheet, we will expect your attentive listening and you can
ask questions at any time.

This research team includes one researcher, four clinical nurses as data collectors and two
laboratory technologist/technicians for sample collection and laboratory test analysis and
three advisors from Jimma university, school of medical laboratory Sciences.

Aim of the study: The aim of this research project is to determine the prevalence of diabetes
mellitus and identify associated risk factors in Asossa town, Benishangul Gumuz reginal
state, West Ethiopia. This study may have an immense importance to determine the
prevalence of diabetes in the region and supply information about the risk factors associated
with diabetes in the town that will be used for health care providers, policy makers (planners)

and as a base line data for other consecutive studies to be done in our country.

Procedure: If you agree to take part in the study, one of the investigators or a nurse will give
you verbal and/or written information about the study and you will be given the consent form
to sign. You are kindly requested to give us the correct information about yourself and the
necessary measurements are performed by the assigned nurse. If you are fit for the study 3 -5
ml of blood samples will also be collected for laboratory examination of blood glucose and
lipid profile testing.
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Risk and discomfort: Participating in this project will not cause more discomfort than is
needed you could go through for routine examination. But there could be minor pain and
change in color of your skin following the blood drawing and which would disappear in short
duration. If there comes any discomfort, we shall offer you necessary medical treatment
freely. The amount of blood taken from each volunteer throughout the study period is 3-5ml

which will not affect your health.

Benefits: If you are taking part in this research project, there may not be direct benefit to you
but your participation is likely to help us an important input to find the common risk factors
associated with the development of diabetes in the community that will contributed to know
the existence of the disease in the community which will be important to assess the extent of
and to increase patient quality of life informing prompt treatment before development of
complications. And if the medical examination reveals any abnormalities that need immediate

treatment, your doctor will be notified about the result.

Incentives and payment for taking part in the study: You will not be provided with any
direct incentives for your participation in this study. But the cost for your laboratory tests will

be covered by the project.

Confidentiality: All information about the patients will be kept confidential. Log books used
in the laboratory will have no names but codes. The information sheet that links the coded
number to patient name will be locked inside a computer and it will not be revealed to anyone

except your physician and the principal investigator.

Right to refused or withdraw: You have full right to withdraw from taking part in this study
at any time before and after consent without explaining the reason and not respond to some or
all the questions. Your decision will not affect your right to get health service you are

supposed to get otherwise.

Contact Address: If you have any question or concern, you can contact Mr. Dagim Kemiso

at any time using the following address:
Dagim Kemiso:
Mob: +251-9-13-24-81-08/ +251-9-35-88-68-18
Email: dagimkemiso2015@gmail.com

Jimma, Ethiopia
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Annex V: Information sheet in the Amharic version
Ambharic version ¢ T3P TF 2.PEG ava9a0G Ppp

TGk COO: “Prevalence of diabetes mellitus and associated factors among adult individuals in Asossa
Town, West Ethiopia” /P0G NATET RTC AGPART AS AOMC OTF ALIAM- LT PHALR +387
OAFPT 1G ALEHHE PAFT 1ICT APAPT (AN NHaT TGF AATILLD 1z

ePoT 18¢: hed-hed 79t (Cross-sectional study)
PGk QANE: 299° L0 ANAAU-=

oMt +RI° (9% Zo1 LOCAT MG 487N hAS ehhIPT ANG-PS AR HhEA PI0FCH 2914
T4

07" 10C £L2° +E9°: B9 _ncit

a(L9: LU PHAFLPT 4. PG avta1avs Py eFHIP@. PPGEY 94T AHOFEPT AT AU
Pavav/pP TGEY (HU- bl Aaehic-t MAONNT OHGF (F&'r AGTTT ATIAHE PPPMERNT P& 1@.x:
AAPII° ACAL OHY TGT AL A8ATS FIOHPA:: AON® OHY TGF Aded+q haeao9+P 4+ hHY
PPhe PTLTTAT PPV TG LTS AAK LAPIAPTT TGP Y4l @mPk:: PACAL NHY TG
AL PHTCPT FATE avte (oo (NG 4.PL7TE AL eavalt 1@:: AHY TGT NvateP e9oeTT
PG P ARTCI® ONFHPPS 17 PACOL +ate RONC NGHET ®RPC AGPART AT AAWC OTLF
ALIAM: LT AL +28T NAFPT hG +OOITE PATFAT TICT APART L4864 (HY TG+
@O ANPATE ORI AaPate NOAT (A TIRLT e FAN: QU7 N9IRLTP (HY bl Polaman
TEOI° AN PTIRRLTNP aePET ONNCT ATIAIATEE (ATGE AGPAtE PaLaTIa Py
POICIOYE P AL NZU-G @LI° NN &4CT (7I0PaPT A4 10047 (ARNCT AN PAT::

PGk T34 AP PTLMNPONPT F°1LT 12

LY TGF AATE PaLh9av. NPT L9° GavGP ATGE APLTLMA AS NCAP PILOALD- PLI° Gav-g
Om9° HY PGT IC ATFIE NAFO- vt 0RI° AtvE APT @ ATTIT O AQHE OT17 2710 T
@Ry ATIAINTE TIC 17 8V AR avlB COPT TITrE 0911AM: aPlBEPTFY TINEIC A9PE ALeAG
PAAN RTC PaPAANTT aPLBPFT 091040, aoP TP (ANNCT A7TIAINT: LARTI® AHY A10 1At (F
PN ACOPT ATIOP PTLLATA aPAL RTC TP AL ATRMA LLLIAE NAMPAL AHY PR AL
PILAMT TIVEDI° ARE avlE (9P ALY avAhe PACALT TITrE ACOHE OTF PUIROT aPUPY
AL AGANNAT:

MY TG aeate 299000 AT . FICT 971877 CFaL?

PeI° QoG NI AM-Nt @PF J°I9° ALY Phé TaC ALOTIPFI®:: 1IC 7 L9° NTLAM-NF Akt
NMg° +70% Yarg® A NP F SFAA: PFI° 7 a6y AavaNAN AL PAD. NATD-P AATL.PLNG
ANLALA. 277 PR ACIPE QATLONEL PUaPI° (Tt ARG CIP:

eUheeg ool (19LATC Tl o80T LU FAQ AT 1002
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AACAP PAM-T TG DI° avl BTG NTHOALA. Gav-G AL, PFTTA. PANGPE MMt PTLAMAD. ATGE AATY
NF 10.:: BU7 TWLC ALTT P9UTAT PHOAE 076 +00S APTF NF CFm-:: NP (AL AN ACOP
PADT TG DII° avlB AL LRAG PA NAD- PhIPTOHC PavlE TIWLL O-AT Ar9.ParT L4

(LY 75T avate 290015 F @+ PPOT 9187 CFD-?

CU TGT LTIVECO 416 avavlEeP WiLavP'r abm (HY ST (1evhd AP N17HAN L7LeTH T TPI°
NLTCP PGk PILTTOT -yt 7 PAIPII° h&f ap@-AL 099 e aPPrT ATIAINT: PhCAL +ATeE
NACOLS NOTIP AL ARG NTF PIPLLCAM. TG ATLU-I° I°7 PUA AP T NNTF @ A7Ltme NPAN
AGPALHG ATIOP ATU-I° ATINITA NGETE PPI° 0TLPA=

Y 75T FOF 4 PaoPyP ao it o187 SFD- ?

(HY TGt aoatq av (1av<e MACAP 4.PL71H Ptavalt NaoP's (1TT7ED-9° A%HS 0 F e9IRLT av<e
a1t ermOP hePP'rd® (AL Ae-0PT DTSR N9FINAL N2 PTLPCOPE °39° AT WAt
ALGTCI® :hHUI O Heno1é ToET (MHavAlrt T390 ALY TR fapmePS 10& P99 av(t
ANNPT:: PALRE IPCOPe DmEYI° IR 17T S FAN:: TIC U7 ACAL N7LAMT avl8 0947
a4t AgPhAnA AG APSNMC MPTL AAPT ATLPCNAPLT TLE PTG avAn LAm<? HIL NFAP
ANNCT AR PAT::

PPk NATY ORI FIC (LOI TV 97 91821 £10A?

LVY? TGF (havAnt @L9° NHY TGT OC (MFHAPL. avpe AATDLLITaD ST ALIPT DRI TP
NAPT (7A@ AL A mepav-::

499° noL0: 89 RLnCAE PG AR T MG AR HERIPE fUNICG ANGRS HIPUCT (bt
aéh:- +2519-13-24-81-08/ +251 9 35 88 68 18
AL :- dagimkemiso2015@gmail.com

2.9 WAk
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Annex V1. Informed consent form in English version

ID No

I had been informed that the aim of this study is to assess the prevalence of diabetes mellitus
and associated factors among adult individuals in Assosa Town, West Ethiopia: Cross-
sectional study. The results of this study have an importance to know the magnitude of
diabetes and disposing factors in the community of my town and to be used as an input for
diagnosing previously undiagnosed individuals those have found to diabetes mellitus. | had
been also informed about the confidentiality of this study. The principal investigator
requested me to take part in the study that would require my willingness to provide the
required data that include provision of blood sample and filling questionnaire and
anthropometry measurements. Therefore, with full understanding of the importance of the
study, I agreed voluntarily to provide the requested samples and my benefit will be only from

the free laboratory investigation result/s. |

hereby give my consent for providing the requested information and specimens as the doctors

find best for me.

Signature: Date
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Annex VII. Informed consent form in Amharic version
PFAFLPT AI°Ir 9920748,
.ATC RTC

A% (9% hAL etmea@- +add “Prevalence of diabetes mellitus and associated factors among

adult individuals in Asossa Town, West Ethiopia:” 79+ A2 (¢ 1A% FLCIANTA:: ATTERI LI°
GavG RILULLOLA TINRAGTA:PTGEII® AATIPTI HLEFAU-::NPA aPmPE AL PN TFD-
a/EPF (oo (19.ATC R ATLTLPE HIECICTA 0TSE AL PAPATES TTIEDYIC avlE
LaAMT ATGUI° N917T D90 1LH TGk 07 271900 oo E S0P ATEPT TIARATA:: AAHY
ALY TGF a8 PPt PAT Lamu~t NAMPAL U-33@7 N0PL%TS (GRP° §PLTIT 10
N FenT169° TOL APMPP T4 PEAT ATIDP LLANTT PUA TGP ATTFAU- :PHY TG +add
NooPy LTITT@ TPI° CU-NTI° IPCaPs. D<myt IR TITTF WP HL&FAU-:: MAmPAL Ak hAL
Nao+a9avs Py etmeat? v 0199106 0220 aPuA ArILPAUT:: AAHLY (LY TGF APAtE
8 FPLE avPy7 (14.C1% ALIINAY:: 4CIT oo 2 QB —
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Annex VIII: Laboratory producers

After the participants have agreed and signed the informed consent and are voluntary to give
blood; the whole blood sample was collected and prepared for the following basic procedure
for all analytes studied in this study.
é 3- 5 ml of the venous blood sample was collected and transferred gently to the gray
top test tube (SST test Tube) from the syringe and then stored at room temperature for
10-15 minutes until coagulated
é After clotting, the whole blood was centrifuged at centrifugation force of 4000 rpm
for 4 minutes to separate the serum from the red cells.
Then turned on the clinical chemistry analyzer machine
Check the expiry date of all reagents
Check the daily, weekly, monthly, quarterly, and yearly controls, standards and
calibration results of the analyzer

Analyze the specimen based on the leaflet procedure for each parameter

o & o o o o

Finally, the result was carefully recorded from the machine to the laboratory result

form.

Annex VIII: Principle of each test

A. High-density lipoprotein (HDL cholesterol)

= PRINCIPLE

HDL is measured directly in serum by enzymatic method using the principle apoB having

lipoproteins in the specimen are reacted with a blocking reagent that makes them non-

reactive with the enzymatic cholesterol reagent under conditions of the assay. The apoB

having lipoproteins are thus effectively excluded from the assay and only HDL-cholesterol is

detected under the assay conditions. The method uses sulfated alpha-cyclodextrin in the

presence of Mg+2, which forms complexes with apoB having lipoproteins, and polyethylene

glycol-coupled cholesteryl esterase and cholesterol oxidase for the HDL-cholesterol

measurement.

The reactions are as follows:

1. ApoB containing lipoproteins + a-cyclodextrin + Mg+2 + dextran SO4 - soluble non-
reactive complexes with apoB-containing lipoproteins

2. HDL-cholesteryl esters PEG-cholesteryl esterase > HDL-unesterified cholesterol + Free
fatty Acid
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3. Unesterified cholesterol + O2 - PEG-cholesterol oxidase > cholestenone + H,O>
4. H.0; + 5-aminophenazone + N-ethyl-N-(3-methyl phenyl)-N’-succinyl ethylene diamine
+ H20 + H" peroxidase = quinone imine dye + H.O

5. Absorbance is measured at 600 nm

B. Low-density lipoprotein (LDL cholesterol)

* PRINCIPLE

The LDL-Cholesterol test is a two-reagent homogenous system. The assay is included of two
distinct phases. In phase one a unique detergent solubilizes cholesterol from non-LDL
lipoprotein particles. This cholesterol is consumed by cholesterol esterase, cholesterol
oxidase, peroxidase and 4- amino antipyrine to generate a colorless product. In phase two a
second detergent in reagent 2 releases cholesterol from the LDL — lipoproteins. This
cholesterol reacts with cholesterol esterase, cholesterol oxidase and a chromogen system to

yield a blue color complex which can be measured dichromatically at 540/660nm. The
resulting increase in absorbance is directly proportional to the LDL-C concentration in the
sample.

Reaction phase 1

1. HDL-C, VLDL-C, LDL-C Chylomicrons CHE, and CHO — Cholest-4-en-3-one +
Fatty acids + H20>

2. H203 - 4-AAP Peroxidase — LDL-C + Colorless product

Reaction phase

1. LDL-C CHE and CHO —Cholest-4-en-3-one + Fatty acids + H2O>

2. H20;+DSBmT + 4-AAP Peroxidase — Blue color complex

C. Total cholesterol

= PRINCIPLE

Cholesterol is measured enzymatically in serum or plasma in a series of coupled reactions
that hydrolyze cholesteryl esters and oxidize the 3-OH group of cholesterol. One of the
reaction byproducts, H2O> is measured quantitatively in a peroxidase catalyzed reaction that
produces color. Absorbance is measured at 500 nm. The color intensity is proportional to
cholesterol concentration. The reaction sequence is as follows:

1. Cholesteryl ester + H O cholesteryl ester hydrolase — cholesterol + fatty acid

2. Cholesterol + O, cholesterol oxidase — cholest-4-en-3-one + H,0»

3. 2H20:> + 4-aminophenazone + phenol peroxidase — 4-(p-benzo quinone

monoimino)- phenazone + 4 H>O
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D. Triglyceride

= Principle

Triglycerides are measured enzymatically in serum or plasma using a series of coupled
reactions in which triglycerides are hydrolyzed to produce glycerol. Glycerol is then oxidized
using glycerol oxidase, and H20», one of the reaction products, is measured as described
above for cholesterol. Absorbance is measured at 500 nm. The reaction sequence is as
follows:

1. Triglycerides + 3H20 lipase — glycerol + fatty acids

2. Glycerol + ATP glycerokinase — glycerol-3-phosphate + ADP

3. Glycerol-3-phosphate + O2 glycerophosphate oxidase — dihydroxyacetone phosphate +
H202
4. H.0O; + 4-aminophenazone + 4-chlorophenol peroxidase — 4-(p-benzoquinone

monoamine)- phenazone + H20, + HCI.
Instrument principle

Cobas c 311 by Cobas- Roche is a stand-alone system that offers consolidated testing from a
broad menu of clinical chemistry applications. It has the capacity for photometric assays and
ion-selective electrode (ISE) determination of sodium, potassium and chloride in serum,
plasma, and urine. In addition, measurement of HbA1c levels in whole blood can also be

performed, making it a truly flexible analyzer. Has high sensitivity and specificity.
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