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ABSTRACT

Background: Globally, the prevalence of prediabetes across various occupational groups and its relationship
with an occupational factor is a topic of recent interest. Physical inactivity, long working hours, and workload
stress were mentioned to play a big role in the development of prediabetes. Thus, bank workers who are always
subjected to physical inactivity, long working hours, and workload stress are at risk of developing prediabetes.

Objectives: The aim of this study was to assess magnitude and determinant of prediabets among Commercial
Bank of Ethiopian workers at Shire Endaslasie Branch between November 2023 and April 2024.

Methodology & Material: A cross-sectional study was conducted using a systematic random sampling
technique. The study populations were all Commercial Bank of Ethiopia workers at Shire Endaslasie town who
had worked at least one year and above as bank workers. The total sample size for the study was 111. The data
were collected using a semi-structured questionnaire, physical examinations, and blood samples by using the
WHO stepwise approach. Data were entered into SPSS version 20.0. The entered data were cleaned and
analyzed. Frequency distributions, percentages, tables, and charts were used to show the results of univariate
analysis. Cross-tabulation, chi-square tests, and 95% confidence intervals are used to present results of bivariate

analysis. Multivariate logistic regression analyses were done to control for potential confounding variables

Result: Out of 111 eligible subjects, 105 (93.3%) commercial bank of Ethiopia workers participated in this
study. Of the total subjects tested for fasting blood glucose level, the prevalence of impaired glucose (IFG) was
21.4% and 3.6% were undiagnosed diabetes. The history of alcohol intake (P = 0.041, AOR 14.6 (1.11-191.1)),
having a history of physical inactivity (P = 0.014, AOR = 60 (2.29-159.3)), hypertension (P = 0.013, AOR =
1.694 (1.116-2.572)), and body mass index (P = 0.013, AOR = 1.694 (1.116-2.572)) were found to have

statistical significance association with the prevalence of impaired fasting glucose among the study participants.

Conclusion: in this study nearly one in five commercial banks employees have prediabetes, in addition to this
Unhealthy lifestyle such as heavy alcohol use , physical inactivity and related derangements like elevated BMI
and hypertension had significant associations with prediabetes. Hence, education on lifestyle modification and

provision of targeted care & support is imperative to reduce the risk.

Keyword: Risk factor, impaired fasting glucose, commercial bank workers, prediabetes

Xl



1. INTRODUCTION

1.1. Back ground of the study

Prediabetes is a chronic, progressive condition that replaced the former name of borderline
diabetes (1). The condition marks the state of health between normal glucose metabolism and
type 2 diabetes mellitus (T2DM). The primary physiologic sign of prediabets is high blood
glucose, whereas symptoms such as fatigue and increased appetite range from subtle to
unnoticeable (2). Individuals with prediabets have insulin resistance at the receptor sites, an
insulin secretory defect by the pancreas that causes metabolic abnormalities in carbohydrate, fat,
and protein metabolism, and consequently impaired fasting glucose or impaired glucose
tolerance. The World Health Organization (WHO) defines prediabets as fasting plasma glycemic
levels that are higher than normal but lower than diabetes thresholds, that is, impaired fasting
glucose (IFG) 6.1 mmol/I-6.9 mmol/l (110 mg/dl — <126 mg/dl) (3).

Prediabetes is associated with a cluster of metabolic conditions, including obesity, dyslipidemia,
and hypertension. (2). It should not be viewed as a clinical entity in its own right but rather as an
increased risk for diabetes and cardiovascular disease (4,5). Its effect can be manifested in terms
of physiological, psychological, sociocultural, developmental, and spiritual dimensions. The
physiological impacts of prediabetes are heart disease, stroke, blindness, kidney disease, and loss
of limbs (5, 6,7). The psychological impact of depression is related to health-related quality of
life (6, 8). The sociocultural variable can be influenced by an individual’s loss of work
productivity, as evidenced by increased absenteeism, inability to work due to disability, and lost

wages. Prediabetes can affect the developmental variable by increasing mortality (5, 9).

Globally, the prevalence of IFG in 2021 was 6.2% and is projected to increase to 6.9% in 2045.
Low and middle-income countries including most in the SSA region are assumed to record the
largest relative growth (10). This unfortunate trend is a significant addition to the already heavy
burden of infectious diseases ravaging its people, thereby taking a heavy toll on the scant human
and financial resources available to the region (11). Increasing age, behavioral and lifestyle

changes in relation to adopting westernization are among the major drivers.

In Ethiopia, it is difficult to find population-based data on the exact prevalence of prediabetes.
However, according to the 2021 report of the International Diabetes Federation (IDF), the

number of people aged 20—79 living with prediabetes in Ethiopia was estimated to be 6.7% based



on the IFG (10). Moreover, studies done on some selected population groups have witnessed
such an increasing burden (4).

According to the Sedentary Behavior Research Network, the amount of physical activity has
been decreasing among people in workplaces, resulting in the rise of the sedentary job. Further
they defined sedentary work as any kind of job that requires most of the working time to be

spent sitting with minimal or occasional walking or standing (7).

The job of most bank employees is sedentary in nature. These people spend almost all their
working hours seated as they carry out their work. Besides, it involves high levels of stress.
Evidence also tells that people with sedentary lifestyle and increased mental stress are at risk of
developing prediabetes (12).

Substantiating this notion, a large number of bank employees were found to suffer from
metabolic syndrome defined by high rates of prediabetes and overweight in Brazil (13). In
relation to this, several studies have also indicated the importance of breaking long sitting hours
with bouts of light- or moderate-intensity on correcting modifiable risk factors like waist
circumference, BMI, plasma glucose, and triglyceride levels (14).



1.2. Statement of problem

Prediabetes is a toxic cardio metabolic state associated with increased risk for micro vascular
complications like nephropathy, small fiber neuropathy, and diabetic retinopathy. Prediabetes is
also associated with an increased risk of macro vascular diseases and cancer. Premature death
and disability due to diabetes are also associated with a negative economic impact for countries,
often called the ‘indirect costs’ of diabetes (15, 16/24).

Currently, prediabetes is increasing urgently like an epidemic in the world, with the highest
burden in middle- and low-income countries as a result of behavioral and lifestyle changes. It is
the foremost cause of premature morbidity and mortality deaths around the globe and can be
present long before becoming clinically apparent. People with IFG are at high risk for
developing diabetes, with up to 50% progressing to diabetes within 5 years, around 70%
developing DM with time increase, and also at elevated risk of chronic kidney disease,
cardiovascular disease, and death (16).

Globally, there is no comprehensive prevalence data on prediabetes. But IDF estimated the
global prevalence of prediabetes based on IFG in 2021 to be 319 million and is expected to be
6.5% and 6.9% in 2030 and 2045, respectively (10). Prediabetes is a forerunner to type 2
diabetes (17). It is an intermediate stage of raised blood glucose between normal glucose
tolerance and type 2 diabetes. Prediabetes is also associated with nephropathy, small fiber
neuropathy, diabetic retinopathy, and an increased risk of macro vascular disease (6). People
with prediabetes have a 5% to 15% greater risk of the progression of T2DM (18) and a stay of at
least five years before the development of T2DM (17, 19).

In Africa the prevalence of prediabetes is increasing with age and change in lifestyle, which is
associated with rapid urbanization and westernization (20). Many risk factors are both

modifiable and non-modifiable.

Such as physical inactivity, low fiber diet (less consumption of fruit and vegetables), high
glycemic load diet (high consumption of sugar), high intake of fat, job stress, alcohol drinking,
obesity, high blood pressure, and age, sex, and family history are reported to be involved. Those
risk factors are well-recognized precursors to the prediabetes incidence and the progression to
T2DM (19, 21).

Currently, Ethiopia has around 3 million people living with prediabetes, and it is one of the four

countries with the highest number of people living with diabetes in Africa (10). Moreover,



various institutional and community-based studies indicated an increasing prevalence of
prediabetes (22). But the magnitude varies with the risk factors in a given target (23, 24). Not
only is prediabetes, like diabetes mellitus, among other chronic non-communicable diseases, the
leading cause of hospital admission in Ethiopia, it is also a cause of death, disability, hospital
stays, and absenteeism from duty among bank workers and other office workers. However, there
was a paucity of studies done on the magnitude of prediabetes among bank workers. Therefore,
the purpose of this study is to assess the prevalence of prediabetes and identify its risk factors

among commercial bank workers in Shire Endaslasie town , Tigray, Ethiopia.



1.3. Significance of the study

Prediabetes precedes the development of full-fledged type 2 diabetes mellitus. Hence, identifying
prediabetes cases at this point will provide a window of opportunity for early targeting of
modifiable risk factors, such as overweight or obese state, diet high in energy, job stress, and
physical inactivity, so that the development of type 2 diabetes is prevented or delayed (15, 6).

Besides, recent evidence has shown that some long-term damage to the body, especially the heart
and circulatory system, occurs during prediabetes. Therefore, identifying people with prediabetes

early is very important to reverse or prevent the development of such complications.

The extent of the association between occupational factors and prediabetes is explored in our
context. Hence, assessing the relationship between banking jobs and prediabetes in this study
will generate substantive evidence that helps inform the design and implementation of health

preventive measures by the employees, the employer, and policymakers at large.

Besides, the study will provide insight as to the magnitude of prediabetes in similar settings and

may trigger policymakers to plan for conducting population-wide assessment



2. LITERATURE REVIEW

2.1. Prediabetes

Chronic metabolic conditions known as prediabets occur when blood glucose levels are over the
upper limit of normal but below the cutoff point for a diabetes diagnosis (25). Crucially, different
organizations use quite different diagnostic standards and nomenclature when referring to
prediabets. Guidelines for prediabets screening based on evaluations of impaired glucose
tolerance (IGT) and impaired fasting glucose (IFG) levels are provided by the World Health
Organization (WHO) and the American Diabetes Association (ADA) (22). IFG, indicative of
hepatic insulin resistance, is thought to be a more significant predictor of diabetes risk than the
skeletal muscle insulin resistance described by IGT. The WHOQ's criteria were developed to

reflect the relative likelihood of progression to overt T2DM rather than the overall prevalence (3,
22).

Fasting Plasma
Glucose
(mg/dL)

126 or above

100 10 125

99 or below

Figure 1: Progress of Fasting plasma glucose from normal to prediabetes and diabetes

2.2. Epidemiological distribution of Prediabetes

2.2.1 Global Situation

Prediabetes is a global epidemic that is affecting people today. This epidemic has been triggered
by urbanization, which is linked to improved diets generally, and longer life spans, as well as
social and economic developments. A sedentary lifestyle, smoking, excessive drinking, high
blood pressure, obesity, being overweight, and having a higher body mass index are some risk

factors that make it worse (26).



The International Diabetes Federation's data indicates that the prevalence of IGT is expected to
increase from 7.5% of people worldwide in 2019 to 8.6% of adults worldwide in 2045. Of them,
the majority (72.2%) live in low- and middle-income countries (27).

According to data from the International Diabetes Federation, the countries with the highest
numbers of prediabetes patients with IGT in the 20—79 age group as of right now are China (54.5
million), the United States of America (37.4 million), and Indonesia (29.1 million) (27

2.2.2. Africa Situation

Africa currently has the third-highest prevalence of increasing diabetes among continents, with a
magnitude of 10.1%. This percentage is expected to increase to 10.5% and 10.7% in 2030 and
2045, respectively, in the 20-79-year age range (28). Moreover, it is predicted that in the near
future, Sub-Saharan Africa—the bulk of which are low- and middle-income countries will see
the fastest rate of increase in the prevalence of pre- diabetes (29).

According to WHO standards the prevalence of prediabetes was reported 13.8% in Tanzania
(30), other a cross-sectional study done among administrative staff in Southern Nigeria was
22.3% (31), while health workers in West Africa had a 19.4% (32). In Egypt, the prevalence
reached 36% (10).

2.2.3. Ethiopian Condition
Ethiopia is predicted to rank among the top ten nations in the globe by the IDF 2019 forecast for
2045, with 14.7 million cases and an estimated prevalence of 11.6%-31.5%. Ethiopia is

positioned next to Nigeria among African countries (27).

Prediabetes was previously considered an uncommon medical condition in Ethiopia; however,
recent studies on its epidemiology indicate that it is becoming more prevalent. A few institution-
based cross-sectional studies conducted within specific populations have revealed that the
prevalence of prediabetes in Ethiopia ranges between 8% and 20%. This variability in prevalence
rates can be attributed to a variety of demographic factors, lifestyle choices, and the
methodologies employed in these studies. Significant contributors to the risk of developing
prediabetes include age, family history of diabetes, and lifestyle behaviors such as physical
inactivity and poor dietary habits (4, 22-24, 17-20, 32, 33).



2.3. Pathogenesis of prediabetes

Obesity and insulin resistance are two closely related conditions that highlight the complex and
multifactorial pathogenesis of prediabetes. A transitional, median phase that spans a sequence
from NGT to frank T2DM has been referred to as prediabetes (34).

The pathophysiology of prediabetes is primarily influenced by the first five of these factors,
which together can be referred to as the "portentous pentad. These factors include increased
lipolysis, impaired insulin secretion, increased glucagon secretion, and incretin deficiency or
resistance. Only the first five of these, which collectively may be described as the “portentous
pentad” (IR, increased lipolysis, increased glucagon secretion, impaired insulin secretion, and
incretin deficiency or resistance), actually play a role in the pathogenesis of prediabetes (35, 36).
Insulin resistance (IR) appears to be the outcome of a multiplex interplay between strong
genetic predisposition and environmental factors, including weight gain, physical inactivity, and
aging (34). In general, IR points to the presence of a reduced peripheral tissue response to
endogenously secreted insulin. Characteristically, it presents as both reduced insulin-mediated
glucose uptake at the level of adipose and skeletal muscle tissue and impaired suppression of
hepatic glucose output (37).

Impaired insulin secretion/beta-cell dysfunction: Although IR is a major pathogenic factor
inducing progression from NGT to IGT to T2DM, deterioration in glycemic control does not
occur unless the beta-cells fail to compensate for the IR. Ultimately, beta-cell failure is
responsible for the progression of IGT to T2DM (38). Beta cells have the ability to up-regulate
insulin secretion in response to IR. In a study on beta-cell responsiveness in Nigerian patients
with Type 2 DM, the authors reported low fasting and postprandial beta-cell responsiveness in
the patients. Their findings suggest that beta-cell dysfunction occurs early in the natural history

of the disease in these patients (36, 38).

Increased lipolysis: the high levels of disruptive “bad” adipocytokines produced by these
aberrant fat cells, at the expense of the good, insulin-sensitizing adipocytokines like adiponectin,
induce inflammation, atherosclerosis, and IR. Indeed, current research has shown that a low

adiponectin level is a strong predictor of prediabetes progression from NGT (39).

Incretin deficiency/resistance: The two main incretin hormones, glucagon-like peptide (GLP-1)
and gastric inhibitory peptide (GIP), have both been shown to stimulate insulin secretion by
pancreatic beta cells in normal individuals. Their secretion in the gut, however, only follows

glucose ingestion, such that the higher the glucose level in the gut, the higher the incretin



hormone secreted, and vice versa. Individuals with prediabetes have reduced GLP-1 levels and a
resistance to the stimulatory effects of GIP on insulin secretion (40). Incretin deficiency or
resistance naturally results in elevated plasma glucose levels.

Increased glucagon secretion: Abnormally high levels of glucagon, produced by the pancreatic
alpha cells, have been observed in subjects with prediabetes, and this has been shown to be

responsible for the increased rates of hepatic glucose output, with resultant hyperglycemia (40).

% Increased
lIpolysis

Hyperglycemia /

Present In
Prediabetes

Figure 2: Pathophysiological defects of prediabetes and type 2 diabetes



2.4. Risk Factors of Prediabetes

2.4.1 Age: In many populations worldwide, the incidence of prediabetes is generally low before
age 30 years but gradually increases during adult life and is highest in older populations.
According to a population-based KORA study on IFG from Germany 2020, people aged 65—79
years are more susceptible to prediabetes (OR = 9.90; 95% CI: 7.84-12.50) for the oldest group
than the youngest (<38 years) (26, 41). Also, a global study by the IDF in 2019 Almost half
(48.1%) of adults aged 2079 years with IGT are under the age of 50 years. This age group will
continue to have the highest number of people with IGT in 2030 and 2045, rising to 204.1
million and 231.8 million, respectively. It is important to note that nearly one-third (28.3%) of all
those who currently have IGT are in the 20—-39 age group and are therefore likely to spend many
years at risk of type 2 diabetes and adverse cardiovascular disease (CVD) outcomes (42).

Family history: An eminent family history of type 2 DM could be an established risk factor for
prediabetes. Parents or close relations suffering from T2D increase the chances of developing
this prediabetes. Studies have proven the connection of positive family history and prediabetes

Physical inactivity: Many epidemiological studies have found physical inactivity to be a strong
risk factor for prediabetes (44-47, 50).

Obesity and overweight: values greater than 25 kg/m2 are overweight. People with a BMI over
30 kg/m2 are obese. Obesity has become a pandemic, and is attributed to easy access to high
caloric, low-nutritional foods, a sedentary lifestyle or being physically inactive most days, low
socioeconomics (48, 51-56,). Also tied to obesity is the fact that the distribution in the waist can
indicate a higher risk for pre-diabetes. In addition to BMI, waist circumference can better predict
the risk since BMI can be misleading for those that are athletic. Different previous studies
showed varied prediction abilities of anthropometric measurements to predict prediabetes (58).

Data from the population-based KORA study on prediabetes in Germany indicated a prevalence
of prediabetes parallel to the increased prevalence of BMI (59). The study conducted by Yuing
G, Kang C, and Yiming M also reported that there is a strong positive relationship between BMI,
WHTtR, and the risk for prediabetes in Chinese adults. In this study, the risk of prediabetes

increased with overweight and obesity increase (63, 65).

Alcohol consumption: In the majority of prospective study reports, after adjusting for other risk
factors, alcohol consumption was independently associated with prediabetes; with a dose-

response relationship, heavy drinkers have a higher risk of prediabetes than light or moderate
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drinkers, but those who drank 1-2 times/month had a decreased risk of prediabetes. Alcohol
consumption was found to be a risk factor for prediabetes in men, but not in women (60, 61)
Hypertension: Studies carried out in Nigeria and Ethiopia have found hypertension to be an
independent risk factor for prediabetes; this association may be explained by a number of
underlying mechanisms, such as the impact of long-term high blood pressure on vascular health,
which may affect insulin sensitivity and glucose metabolism (34, 62).

2.4. Conceptual frame work of the Study

Socio demographic
factor

> Age
> Sex

» Education
> Income

Comorbid factor

Outcome= Prediabetes
[Impaired Fasting
Glucose (IFG)]

Feeding Factor > Hypertension
» BMI=Overwe

ight/Obesity

> Dietary Habit
» Alohol
drinking

Life style factor

» Physical Inactivity
» Workload

Figure 3: Conceptual frame work of framework of the study prediabetes
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3. OBJECTIVES
3.1. General objectives

To determine the magnitude and determinants of prediabetes among bank workers of the
Commercial Bank of Ethiopia (CBE) in Shire Endaslasie town, Tigray, North Ethiopia, from
November 2023 to April 2024.

3.2 Specific Objectives

v To assess the prevalence of prediabetes among CBE Workers
v To ldentify factors associated with prediabetes among CBE workers

4. METHODS

4.1. Study Area

The study was conducted on the Ethiopian commercial bank workers at Shire Endaslasie town,
which is located in North Ethiopia. Shire Endaslasie is 1087 & 300 kilometers away from Addis
Ababa and Mekelle respectively, and the estimated population of the town is 47,284. The city
has one public general hospital and three health center which serve for more than 3 million
people. The town has five CBE branches Mdre-genet, Suhul, Shire, Endaslasie and Main District
with around 334 staff member and is expected to deliver service for more than one million

people in and around the Town (63).
4.2. Study Design and period
Institutional based Cross-Sectional Study was conducted from November 2023 to April 2024.

4.3. Population

4.3.1 Source of the Population

All employees working for at least a year and above and currently working in any of the five
CBE branches.

4.3. 2. Study Population

All selected staff member of Commercial Bank of Ethiopia in Shire Endaslasie Town.
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4.3. 3.Study Subjects

Each study participant selected by using systematic random sampling.
4.4. Eligibility criteria

4.4.1. Inclusion criteria

All volunteers who were working for at least one year and above in any of the CBE at Shire

town
4.4.2. Exclusion Criteria

All adults who had been fresh recruits and served less than 1 year working in Ethiopian
Commercial bank of Ethiopia, pregnant women, known DM and critically ill were excluded from
the study.

4.5. Sample size determination and sampling procedure
4.5.1 Sample size determination

Sample size was determined using single population proportion formula using P= 0.07(65), 95%
confidence interval, 5% degree of precision the sample size was calculated as follows.
n=2z%p (1-

d2
n = the sample size to be determined.

z = the z-value at the given confidence level=1.96
d = Absolute sampling error (margin of error) that can be tolerated=5%
P =Proportion of impaired fasting glucose= 0.07
n= (1.96)° *(0.07) *(0.93) = 100.04
(0.05)

None response rate 10% =10.004

Net sample size= 100.04+10.004=110.044= 111
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4.5.2. Sampling Technique

Proportional Systematic A random sampling method was used in order to select a representative
sample of respondents from all five CBE branches: Mdre-genet, Suhul, Shire, Endaslasie, and
Main District, with a total of around 334 CBE employees in Shire Endaslasie Town.

All CBE workers were listed in all branches of Shire Endaslasie town.

The total sample sizes were distributed to the listed branches proportional to their staff number.
Systematic random sampling technique was used to recruit the study participants. The total
number of staff in Ethiopian Commercial Bank at Shire Endaslasie town was 334. Then the total
number of staff was divided by the sample size (111) to calculate the interval, i.e. 3, up on which
study participants are selected from the list. But initially selection from one to three listed
participant was done randomly using lottery method, then using the first selected participant as
starting study unit, every third staff was recruited.

Figure 3: Sampling procedure of selection
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4. 6. Study Variables
4.6.1. Dependent variable

Impaired fasting glucose (prediabetes)

4.6.2. Independent variables:

> Age ,family history of diabetes and big baby born
Hypertension

Physical inactivity, Job stress

Body mass index, waist hip ratio

Alcohol consumption

Sex, Educational status

Feeding habit

YV V. V V V V

4.7. Operational definitions

First degree relative: who suffered from diabetes: Previous history of the respondent father,
mother, full brother or sister has been diabetes (46).

Risk factor: Any attribute, characteristic or exposure of individual, which increase the
likelihood of developing the prediabes of interest.

Heavy Alcohol drank (Heavy Alcohol Consumption): Refers to the average consumption of
more than two standard alcoholic drinks per day for men and more than one alcoholic drinks
for women. A standard alcoholic drink is the equivalent of one

glass/can/bottle (330ml) of regular beer (with 3% ethanol), one glass (100ml) of wine

(10% ethanol) or one glass or measure (40ml) of distilled spirit, each of which adds up to

about 10g of ethanol per drink (69).

Physical activities: for the purpose of this study participant was measured by asking the amount
of time they spend doing different types of physical activities in their employment, transport and
leisure time.

Finally, the time they spend on different activities will be added and converted in to MET. The
term MET is an abbreviation for metabolic equivalent and used to reflect the intensity of the
specific physical activity. MET is defined as the ratio of the associated metabolic rate for specific
activity divided by the resting metabolic rate. The resting metabolic rate is equivalent to IMET
and reflects the energy cost of sitting quietly. The MET values for the three domains (67).

v Inactive - <600 MET minutes per week. defined as self-reports of less than 150 min
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v" Moderately active from 600- 1500 MET minutes per week.

v Vigorously active- > 1500 MET minutes per week. (running, carrying or lifting heavy
loads, digging)

Body Mass Index (BMI): is defined as follows (63, 65, 68)

0,

% Underweight BM1<18.5 kg/m?
< Normal BMI 18.5 to 24.9 kg/m?
% Overweight BMI>25.0 and <29.9 kg/m?
% Obese BMI >30.0 kg/m?
Central obesity a waist hip ratio greater than1.0 in men or greater than 0.85 in women (65).
Diabetes mellitus:

Cut off point fasting plasma glucose level for diagnosis of prediabets by different organization

Definition Fasting plasma glucose (mmol/l) cute of point by different

organization

Euglycemia (normal) ADA < 5.5 mmol/l, < 100 mg/di
WHO < 6.1 mmol/Il, 110 mg/dl
IDF < 6.1 mmol/l, < 110 mg/di

Impaired fasting glucose | ADA =5.5-6.9 mmol/l ,100 mg/dI-126 mg/dI
WHO = 6.1- 6.9 mmol/l, 110 mg/dl-126 mg/dl IDF =6.1- 6.9 mmol/I,
110 mg/dl-126 mg/dlI

Diabetes mellitus IDF, ADA and WHO => 7.0 mmol/ = >126 mg/dl

Blood test level diagnosis of Diabetes and Pre-diabetes (2,3,10)

Hypertension: The average systolic blood pressure readings >140mmHg and/or diastolic blood
pressure readings >90 mmHg (69).

Prediabetes: IFG a fasting capillary whole blood glucose value was >110mg/dl and <126mg/dl
(26) or 100-125 mg/dl (3).

4.8. Method of Data Collection

4.9.1 Questionnaire

A questionnaire was specifically developed per sample size, which helps to either including or
excluding from the study. The questionnaire includes the question that assess the socio
demographic characteristic such as age, sex, educational level, income per month, and co-
morbidities, WHO identified risk factors of IFG with expanded and optional questions to suit

local needs also include in the question. The questionnaire also contains behavioral risk factors
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like tobacco use, alcohol consumption, Khat chewing, fruits and vegetable intake and physical
activity

4.8.2. Blood pressure measurement

Blood pressure measurements were taken two times on the right arm of the survey participants in
a sitting position, using a sphygmomanometer with a universal cuff and automatic blood
pressure. The mean of two measurements was used for analysis. The measurements were taken
after the participant had rested for 5 minutes, and each with 5 minutes of rest between the

measurements by Nurse.
4.8.3. Anthropometric measurement

Physical measurements such as weight, height, waist circumference, hip circumference, and
blood pressure were used. Standardized methods and adjusted equipment. Weight was measured
in kilograms. With light cloths and no wearing of shoes, the participant’s height was measured in
centimeters using a height board with no shoes wearing and in an upright position and then BMI
and waist-to-height ratio (WHtR) was calculated to determine the obesity status. BMI measures
body weight and height and calculates with (Body weight (kg)/Body height (m2). Normal BMI
<= 24.99 kg/mz, overweight BMI = 25-30 kg/m2, obese BMI >= 30 kg/m?2. Waist circumference
will be measured in centimeters at the narrowest point between the lower costal border and the
iliac crest with a constant tension tape and measurement of blood pressure at the midpoint of the
right arm after participants rest for at least five minutes or 30 minutes for those who take hot
drinks like coffee, and two blood pressure readings were taken for all participants, and then the

mean blood pressure value was taken by Nurse proffisonal.

4.9.4. Assessing physical activity

According to World Health Organization, physical activity is defined as any body movement
produced by skeletal muscles that require energy expenditure. Physical activity was categorized
into vigorous and moderate, and sedentary (low) activity. A vigorous-intensity activity is
defined as any activity that causes large increase in breathing or heart rate, if continued for at
least 10 minutes (e.g., running, carrying or lifting heavy loads, digging or construction work) at
least for three days per week (>1500METminute per week) (67, 69).

Moderate-intensity activity is defined as any activity that causes a small increase in breathing or
heart rate if continued for at least 10 minutes (brisk walking or carrying light loads). Or Three or

more days of moderate-intensity activity of at least 10 minutes per day, or five or more days of
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moderate-intensity activity or walking for at least 30 minutes per day. Physical activity related to
work, transportation, and leisure time is assessed in terms of minutes that caused them to feel
breathless or feel palpitations (600-1500 MET minutes per week). Low-level physical activity
involves a person not meeting any of the above-mentioned criteria for the moderate- or high-
level categories (<600 MET minutes per week). (26.67.69)

4.8.5. Blood sample collection and processing

About one drop of blood sample was collected following minimum of eight hour fasting or early
in the morning before breakfast from each participant by trained laboratory technologist. The
process of blood sample collection is through aseptic/sterile technique.

4.8.6. Biochemical analysis

A laboratory test was performed for blood glucose using a digital Glucometer clinical chemistry
analyzer. This test was done the next of after steps 1 and 2 data collections with minimum 8
hours fasting. Laboratory test results was assessed and categorized according to the definition.

4.8.6.1. Glucose estimation

Glucose: - Glucose is the major carbohydrate present in the peripheral blood. Oxidation of
glucose is the major source of cellular energy in the body. Glucose derived from dietary sources
and is converted to glycogen for storage in the liver or to fatty acids for storage in adipose tissue.
The concentration of glucose in blood is controlled within narrow limits by many hormones, the

most important of which are produced by the pancreas.

Test principle: - Enzymatic reference method with

One way of measuring blood glucose in the laboratory is by using the glucose oxidase-
peroxidase (GOD-POD) method. The principle of the GOD-POD reaction is as follows: glucose
is oxidized to gluconic acid while oxygen is simultaneously reduced to hydrogen peroxide by the
enzyme glucose oxidase. Hydrogen peroxide is then split to form water and nascent oxygen by
the enzyme peroxidase. That nascent oxygen reacts with 4-aminoantipyrine, and in the presence
of phenol, this reaction produces quinoneimine, which is a colored compound that
can be analyzed using colorimetric analysis. The intensity of the color produced correlates
directly to the concentration of glucose in the sample. The colorimetric analysis is performed at

505 nm and compared to the standard, which is treated similarly
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Glucose + 02+ H20 Gluconic acid + H202
Glucose Oxidase (GOD)
H202 H20 + [O]
Peroxidase (POD)

[O] + 4-amino-antipyrine + phenol Quinoneimine + H20

4.9. Data quality control and management

The questionnaire was prepared in English; translated to the local language (Tigrigna), and lastly
retranslated to English and pretesting was done with other site commercial bank workers. Data
was collected by interviewing clients using trained nurse and lab professionals. The data
collectors were professional laboratory technologists and nurses under the close supervision of
investigators and were trained before data collection. The training sessions covered every detail
of the study and the full range of skills involved in the study and addressed the objectives of the
study. Blood sample collection was done through standardized, calibrated, and sterile technique.
The questionnaire for the pretest was done prior to the concrete data collection process to check
the reliability of the data and to increase the quality of the data. Data collected was entered into a
personal computer to check for completeness and missing values or for analysis. The
biochemical tests were analyzed on a calibrated. The tests were done by well-trained and

experienced professionals with strictly followed SOP

Table 1: Component and study variables for data collection used in the Ethiopia Commercial
Bank worker, Shire Endaslasie Town, Tigray, 2023/2024

Steps Core Remark [ Expanded]

Stepl: Behavioral of education.

Basic demographic | Expanded demographic information
information, including age, | including years at school, marital

sex, literacy, and highest level | status, household income

alcohol consumption, fruit and | Alcohol  drinking, Oil and fat
vegetable consumption, | consumption,  History of  blood
physical activity, Job stress | pressure, treatment for raised blood
and diet pressure, History of diabetes Chat

consumption
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Step2: Physical | Weight and height, Waist, Hip
measurement circumference, blood pressure
Step3: Biochemical Fasting blood sugar
measurement

4.10. Data processing and analysis plan

Data was entered into Epidata then exported and analyzed by SPSS version 20.0. The entered
data was checked, coded, cleaned, and analyzed. SPSS version 20.0 was used to do logistic
regressions and other more advanced tests. Descriptive data analyses were presented in tables
and/or graphs with means, proportions, and frequency distributions. Besides to this percentage,
tables and charts were used to show result of univariate analysis. Bivariate and multivariate
logistic regression analysis was used to determine the potential determinants of risk factors with
prediabetes. Cross tabulation, chi-square tests, and 95% confidence interval was used to present
results of bivariate analysis. Multivariate logistic regression analyses were done to control

potential confounding variables.
4.11. Ethical consideration

The research proposal was approved and ethically cleared by the Institutional Review Board of
the College of Health Sciences, Mekelle University. Participants were provided with clear
information about the aim, purpose, risk, and benefit of asking questions, doing physical
measurements, and taking blood. Data collection was started after informed consent was
obtained from those who participated. Confidentiality of response was maintained throughout the

study.

4.12. Dissemination of the results

The results of this study will be disseminated or communicated to Mekelle University Collage
of Health Science Department of Medical Biochemistry Molecular Biology, School of Public
Health, Axum University, Regional Health Bureau, local institutions and other concerned bodies.
The result will be disseminated through workshops, seminars and published in an international,

professional
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5. RESULTS

A total of five Ethiopian commercial banks of the Shire district were involved in this study, and
the total potential eligible participants were 111, and all were enrolled in the study, yielding a

94.6. % response rate.

5.1. Univarate Analysis of Results

5.1.1. Socio-demographic characteristics

Participants in the study were between the ages of 24 and 61, with an average age of 35.21 (SD *
9.162) and an average of 8 £ 5.9 years of banking experience (ranging between 2 & 31 years).
About 74.3% of participants were men and the rest 25.7% are female. More than three (76.4%)
of the participants were Orthodox. From the total participants, over three quarters (84.5%) had a
degree or higher educational status. Moreover, nearly a quarter (27.6%) of the participants were
managers or supervisors, while more than three-quarters (86.7%) of the participants' had higher
income (Table 3).

69.5% of study subjects were married. However, there were also some proportions of single 31
(29.5%) of the study subjects and the rest 1 (1%) divorced. A total of 9 (8.6%) of study subjects
had a first-degree relative who suffered from diabetes, and from these, 6 (26%) were born big
babies. Among the female respondents, 6 (26%) reported having a history of having born a big
baby, while 21 (74%) had not. However, this was highly subjective since many of the women did

not know the exact birth weight of their babies (Table 3).
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Table 2: Socio-demographic characteristics of study participants, CBE, Ethiopia, Shire, 2024

(n=105)
Variable Categories Frequency(n) Pe([%nt
Male Female
Gender Male 78 0 74.3
Female 0 27 25.7
Mean of age +SD 35.31+-9.176
20- 34 28 11 37.1
Age in Year 35-44 33 10 41.0
>=45 17 6 21.9
Religion of Orthoglox 69 24 88.6
participant Muslim 6 2 7.6
Protestant 3 1 3.8
Married 52 21 69.5
Marital status . Single 25 6 295
D|vo_rced and 1 0 10
Widowed '
12th and blow 1
grade Literate (can 6 6.7
Educational status read and write).
Diploma 6 3 8.6
Degree and above 66 23 84.8
Monthly income <=6500 ETB 5 3 7.6
6501-20000 ETB 48 17 61.9
>20,000 ETB 25 7 30.5
Mean incomes 19286.19+_6602.121
1-10 year 50 17 63.8
Experience 10-20 year 23 9 30.5
> 20 years 5 1 5.7
Family History of Yes 3 6 8.6
DM No 75 21 914
. Yes 0 6 26
Big baby born No 1 N
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5.1.2. Behavioral characteristics

The majority of study subjects (61%) had busy workloads and were feeling stressed, but the rest
felt well during work hours since almost all worked more than 8 hours a day. 21.9% of the study
participants were heavy drinkers who drank three and above bottles per day. Most of the study
participants (66.7%) did not eat vegetables and fruits every day. The remaining subjects (33.3)
either eat vegetables and fruit once or more a day.

Overall, 36.2% of the study participants were physically inactive, that is, they reported inactive
work, travel, or leisure time physical activity. The prevalence of physical inactivity increased
with age from 8% among 20-34-year-olds to 18% among those aged >45 years, with the greatest
increase between the 35-34-year-old and 45-61-year-old age groups (Table 4).

There was some variation in the prevalence of systolic and diastolic hypertension in the study
population. Among study subjects, 77.1% of participants had systolic blood pressure of less than
140 mmHg, and 22.9% were found to have systolic hypertension. The mean of systolic blood
pressure was 122.971 mmHg (£9.8170 mmHg). From the study participants, 70.5% had diastolic
blood pressure less than 90 mmHg, and 29.5% were found to have diastolic hypertension. The
mean was 81.05 mmHg (+6.3585 mmHg). In general, 29.5% of the study participants were
found to have hypertension. Out of the 31 hypertensive subjects, 23 (21%) were males and 8
(7.6%) were females.

74.3% of the study participants had a body mass index (BMI) < 25 kg/m2, and 26% of the
study subjects had BMI > 25.0 kg/m2, out of which 23.8% were overweight and 1.8% were
obese. Based on waist-to-height ratio (WHtR), around 37.1% of the study subjects were found to
have central obesity. Also based on waist-hip ratio (WHR), there were around 32.3% of study
subjects who were found to have central obesity, of whose 13.3% and 19% were female and

male, respectively.
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Table 3: Prevalence of Behavioral, Clinical and Biological Characteristics of study Participant
compared by sex, CBE, Shire, Ethiopia, 2024 (n=105)

Characteristics Category Sex Total Percent %)
Male | Female

Work conditi Work overload and stress 46 24 66.7
ork condition normal or nothing feeling 32 3 33.3
: Yes 14 9 21.9
have you heavy drink alcohol No 62 1s 781
Days of fruit & Vegetable Intake | >=5 3 1 3.8
per Week (WHO 3-5 23 8 29.5
Recommendation) <3 52 18 66.7
. <=8 hour 1 0 1
Duration of Work 8hour 77 57 99
Physical activity: level Active 50 17 638
y y Inactive 28 10 36.2
. Yes 33 31.4
Un Healthy diet NO 7 686
. . Normal 61 20 77.1
Systolic blood pressure in mmhg Hypertension 17 7 29
. . . Normal 55 19 70.5
Diastolic blood pressure in mmhg TN 23 3 G
Normal 59 19 74.3
Body Mass Index Overweight 18 7 23.8
Obesity 1 1 1.9
<94cm 55 3 55.2
WC Male >= 94 cm 20 0 19
<80cm 0 14 13.3
WC Female >=80 cm 0 13 11.4
<.9cm 57 0 54.3
WHRM >=.9cm 21 0 19
<.85¢cm 0 13 114
WHR female >= .85 cm 0 14 133
<5 49 17 62.9
WHIR >=5 29 10 37.1

24




5.1.3 Study of outcome variable

According to the WHO definition, 3.6% of the participants tested had undiagnosed diabetes,
while 21% shown impaired fasting glucose (IFG), indicating that 24.8% of respondents
experienced overall impaired glucose homeostasis. Under the ADA definition, 31.4% of study
participants were classified as having prediabetes, with 14 men (13.3%) and 8 women (7.7%)

identified as having this condition.

Age category based analysis of prediabetes revealed that the highest prevalence was in the >45-
year age group at 13%, followed by 7% in the 35-44 age groups, and only 1% in those aged 20-
34. The data also showed a significant increase in IFG prevalence with age (X? = 25.67; p <
0.001).

Figure 4: prediabets level among the study participants with age categorization
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0%
20- 34 year 35-44 >=45 year
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Figure 5 Impaired glucose hemostasis categorization among the study participants
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5.2. Bivariate analysis of risk factor variables with prediabetes

This study determined the factors associated with the prevalence of prediabetes among
participants. A binary logistic regression model was employed to analyze these factors,
categorizing fasting glucose levels as follows: 0 for levels below 110 mg/dl and above 125 mg/dl
and 1 for levels between 110 mg/dl and 125 mg/dl. The analysis aimed to identify associations
with prediabetes, using a significance threshold of P < 0.2 in bivariate analysis and P < 0.05 in
multivariate analysis.

In the bivariate analysis of socio-demographic variables, significant associations with
prediabetes were found for age (P=0.0002) and education level (P=0.000). However, no
statistically significant associations were observed with sex, marital status, religion, or monthly
income.

Regarding behavioral characteristics, factors such as physical inactivity (P=0.000), heavy alcohol
intake (P=0.000), banking experience (P=0.000), family history of diabetes (P=0.007), and a
history of having large babies were significantly associated with prediabetes (P=0.008). In
contrast, no significant association was found between prediabetes and the consumption of fruits
and vegetables.

From the perspective of anthropometric and biochemical characteristics, significant associations
were noted with waist-to-height ratio (WHtR) (P=0.000), hypertension (P=0.000), body mass
index (BMI) (P=0.000).
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Table 4: The distribution of prediabetes by socio-demographic and behavioral characteristics of
the study participants in Commercial bank Ethiopia of Shire Endaslasie town, Northern Ethiopia,
2024 (N = 105).

Prediabetes X? P. Value
characteristics category Yes (%) NO (%) '(I;zt)al
20- 34 year 1 36 39 25.67
Age in Year 35-44 year 7 32 43 .000
>=45 year 13 9 23
Heavy drink | Yes 12(11) 11(10) 23 17.33 | .000
alcohol No 9(8) 73(70) 82
i .| Vigorous 0 10(10) 10 35.7
ferlfl'ca' actVItY: "\1oderate T 52(49) |53 000
Low 20(19) 22(21) 42
Days of fruit & | >=5 0 3(3) 3
Vegetable Intake | 3.5 3(3) 22(21) 25
per Week (WHO
Recommended <3 18(17) 59(56) 77
Sex of | Male 14(13) 64(61) 78
participant Female 7(7) 20(19) 27
. Orthodox 17(16) 76(72) 93
Religion —of o im, 303) 55) 8
participant
Protestant 1(1) 3(3) 4
Married 18(18) 55(52) 73
Martial statues Single 3(3) 28(27) 31
Divorced and Widowed | 0 1 1
12th and blow grade 14.470 | .002
. Literate (can read and | 3(3) 4(4) 7
Educational write).
status Diploma 4(4) 5(5) 9
Degree and above 14(13) 75(71) 87
level of Position | Guard & Clerical 4(4) 7(6) 8 9.72
in CBE Officer 9(9) 59(58) 68 .002
supervisor and
Mgnager 8(8) 2120) |28
Experience ot 1-10 year 2(2) 64(61) 66 35.9 .000
CBE 10-20 year 15(14) 20(19) 35
> 20 years 4(4) 0 4
4501-10000 ETB 4(4) 9(9) 13
Monthly income | 10,000 -20,000ETB 13(12) 74(70) 87
>20,000 4(4) 1(1) 5
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Table 5: The distribution of prediabetes by anthropometric measurements and clinical
characteristics of study participants in Commercial Bank Ethiopia, Shire Endaslasie town,

Northern Ethiopia, 2024 (N = 105).

h - C Prediabetes

characteristics ategory Yes (%) NO (%) | Total v . value
<25kg/m® |1 72 73

EMI >= 25 kg/m® | 20 12 32 5546 0.000

Central <5 2(3%) 64 66

8,3&3;3’) >=5 19(48.7%) | 20 39 28.8 0.000

Diastolic blood | <90 mmhg 2 72 74 4311 0.000

pressure >=90 mmhg | 19 12 31 '

systolic _blood iigommhg > 76 81 3995

pressure in 16 8 24 ' 0.000
mmhg

Family History | Yes 5 4 9 308 0.007

of DM No 17 79 96 '

Have you born | Yes 6 1 7 2071 0.008

big baby No 2 19 24 '

5.3 Multivariate association of risk factors variables with Prediabetes

Multivariate logistic regression analysis found statistically significant associations with
prediabetes among participants with high body mass index, heavy alcohol use, physical
inactivity, and hypertension. Compared to study participants with normal blood pressure, those
with diastolic hypertension had a 1.7-fold increased risk of developing prediabetes (AOR=1.694
(1.12-2.57)).

The study showed that participants with a BMI of >25 kg/m? were 4.3 times more likely to
develop prediabetes than study participants with a BMI of <25, AOR = 4.3 (1.146-16.2). When
you compared study participants who did not drink alcohol or who drank two or fewer dranks
with those who drank heavily, they had a 14.6-fold higher chance of developing prediabetes
(AOR=14.6 (1.11-191.1)). Individuals who did not engage in physical activity were shown to be
60 times more vulnerable to prediabetes. AOR = 60(2.29-159.3)

Based on the study conducted, almost all socio demographic and some behavioral characteristics,
such as family history of DM, age, sex, marital status, educational background, fruit and
vegetable intake, income, and all biochemical characteristics of the study subjects, were found to

have no statistically significant association with prediabetes.
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Table

6: Multivariate

logistic associations of

socio-demographic,

behavioral,

and

anthropometrics measurements with prediabetes at Shire 2023/ 2024 Shire, Ethiopia (n=105)

Prediabetes Total
Yes NO COR P.Value | AOR

Have  you | Yes 0 0 9.1(3.21-
heavy 12(52%) 11(47.8%) | 23 25.60) 0.041 14.6(1.11-191.1)
drinker No
alcohol 10(12.2) 72(87.8%) | 82
Phys!cal Active | 5(7.5%) 62(92.5%) | 67
activity Inactive | 17(44.7%) | 21(55.3%) | 38 8.6(3.1-23,5) | 0.014 | 60(2.29-159.3)
Hypertension | No 3(4.1%) 71(95.9) 74
(DBS) Yes 19(61.3) 12(38.7) 31 37.4(9.6-146) | 0.013 1.694(1.116-2.572)

<
BMI kg/m225 1(1.4%) 72(98.6%) | 73

>= 25 . o 137.45(16.76-

kgim? | 21(656%) [ 11(34.4%) |32 |74 oo 0031 | 4.3(1.146-16.2)

6. DISCUSSIONS

Prediabetes is an intermediate stage of dysglycemia, which is a major public health concern and
increasing rapidly worldwide. It is recognized as an important metabolic state; as well as
predisposing individuals to a high probability of future progression to diabetes and other none
communicable diseases, individuals with prediabetes are at increased risk of developing many of
the pathologies normally associated with that disease, such as diabetic retinopathy, neuropathy,

nephropathy, and macro vascular complications. (5)

Pre-diabetes denotes a heightened risk of type 2 diabetes and other none-communicable diseases.
In light of this, my study sought to examine the prevalence and predictors of pre-diabetes among
employees of the Commercial Bank of Ethiopia (CBE) in Shire city. The current study assessed
the occurrence of pre-diabetes and associated risk factors among staff at the CBE in Shire
Endaslasie town. Accordingly, pre-diabetes was found in 21% and 30.5% of the employees
based on the World Health Organization (WHO) and International Diabetes Federation (IDF)
criteria and the American Diabetes Association (ADA) criteria, respectively. This finding aligns
with similar studies, reporting 19.8% in China (49), 23.6% in Saudi Arabia (8), and 22.3%
among administrative staff in Southern Nigeria (31). Additionally, 19.4% of health workers in
West Africa (47) and 20% and 18.1% among administrative and health professionals in various
studies conducted in Ethiopia (4 & 23). The differences wa the living and working conditions of

the populations studied could further explain these discrepancies
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However, the prevalence observed in our study is significantly lower than the 51% reported
among Armed Forces Hospital employees in Kuwait (48), 60% among high-risk adults in
Vietnam (19), 36% in Egypt (20), and 51% among municipal workers in the United States (51).
Conversely, our findings are higher than those from other studies in Ethiopia (32), Tanzania (30),
and Vietnam (8.1%) (52), India (6.3%) (53), and Saudi Arabia (6.8%) (42), and smaller area
studies in Ethiopia, which reported rates between 8% and 12.9% (23, 24, 33). The differences in
prevalence rates can be attributed to various factors, including differences in target populations,
sample sizes, study settings, socio-economic status, and genetic factors. Moreover, the living and
working conditions of the populations studied could further explain these discrepancies.

It is known that people with pre-diabetes have an increased risk of progression to T2DM (5).
Evidence shows that people with IFG or IGT develop frank T2DM at a rate of approximately
5%-10% per year (5). The risk appears similar to either IFG or IGT and is highest when people
have both simultaneously. In this study, 3.6% of the employees had undiagnosed diabetes. This
result is concordant with the 3.7% & 3.4% observed among hospital administrative staff in South
Nigeria and Ayder CSH, respectively (4, 31). Nevertheless, it is lower than the prevalence
revealed among health-care workers in Nigeria (3). The observed difference could be due to
variation in health-checking behavior among African and Western societies. Westerners

routinely check their status and take deterrent measures early.

There is a significant association between BMI and prediabetes with a p-value of 0.031, and
individuals having a BMI >= 25 kg/m? being 4.3 times more likely to have prediabetes compared
to those with a BMI < 25 kg/m2. Overweight and obesity are the most significant modifiable risk
factors for the development of prediabetes. A high BMI leads to increased fat deposition,
particularly abdominal fat, which contributes to insulin resistance and impaired glucose
metabolism. This finding is consistent with other studies linking obesity to the risk of diabetes
and metabolic disorders. The results highlight the importance of maintaining a healthy weight as
a key strategy for preventing prediabetes. Weight loss interventions, including dietary
modifications and physical activity, should be encouraged to reduce the risk of prediabetes (58,
59).

The study reveals that participants with overweight had higher odds of developing pre-diabetes.
This is supported by a cross-sectional study in northeastern China (49). Studies have shown that
higher body mass index could lead to the accumulation of adipose tissues. An elevated amount of

adipocytes and the increased production of TNF-a and IL-6 that results in insulin resistance,
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which subsequently causes pre-diabetes and type 2 diabetes mellitus. Additionally, overweight
status is identified as a strong predictor of pre-diabetes, with its prevalence positively influenced
by physical inactivity and excessive intake of macronutrients. Notably, our findings indicate a
higher prevalence of overweight among office workers (47, 51), highlighting the need for
lifestyle interventions in this population to mitigate the risk of pre-diabetes.

Inactivity is also strongly associated with the presence of Prediabetes, with individuals who are
inactive being 60 times more likely to develop Prediabetes compared to active individuals. The
association is statistically significant, with a p-value of 0.014. Physical inactivity is a well-
established risk factor for metabolic disorders, including diabetes and Prediabetes. Exercise helps
to regulate blood sugar levels, improve insulin sensitivity, and promote overall metabolic health.
The striking difference in the odds ratio suggests that physical activity is a key protective factor
against prediabetes, reinforcing the importance of regular exercise in preventing and managing
metabolic conditions. Encouraging physical activity in at-risk populations could significantly
reduce the burden of prediabetes.

The findings of this study indicate that low levels of physical activity significantly increase the
risk of developing pre-diabetes. This conclusion is reinforced by studies conducted in China
(49), Saudi Arabia (50), and Ethiopia (16), which consistently show a similar association. The
underlying mechanism for this relationship can be explained by decreased glucose uptake at rest,
which results from reduced skeletal muscle contraction. As an individual's level of physical
activity declines, the effectiveness of insulin on muscle and liver tissues also diminishes (44).
This decline in insulin sensitivity contributes to elevated blood glucose levels, thereby

heightening the risk of pre-diabetes.

Heavy alcohol consumption is strongly associated with the presence of prediabetes, with an odds
ratio (AOR) of 14.6, which suggests that individuals who are heavy drinkers are 14.6 times more
likely to have prediabetes compared to those who are non-heavy drinkers. The high odds ratio
indicates that alcohol consumption plays a critical role in the development of prediabetes.
Alcohol can affect insulin resistance and increase the risk of conditions like obesity,
hypertension, and dyslipidemia, which are all risk factors for metabolic disorders such as
prediabetes. The P-value of 0.041 suggests that this association is statistically significant.
Therefore, reducing heavy alcohol intake could potentially lower the incidence of prediabetes,

especially when combined with other lifestyle modifications.
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The present study shows a significant association between alcohol consumption and pre-diabetes
among CBE employees. Increased alcohol intake raises the concentration of gamma-glutamyl
transferases (GGT) in the liver (60), which in turn elevates the odds ratio for impaired fasting
glucose (61).

Additionally, hypertension is also significantly associated with prediabetes, with individuals who
have hypertension being 1.7 times more likely to have prediabetes. The odds ratio (1.694) is
statistically significant, with a p-value of 0.013. Hypertension and prediabetes often coexist due
to shared risk factors such as obesity, insulin resistance, and inflammation. Both conditions are
linked to cardiovascular diseases, and the presence of one increases the likelihood of developing
the other. The significant association between hypertension and prediabetes in this analysis
further emphasizes the need for early detection and management of both hypertension and
metabolic disorders to reduce the risk of complications such as cardiovascular events.
Monitoring blood pressure in individuals at risk of prediabetes could help in early identification
and intervention.

Hypertension was identified as a risk factor for prediabetes. One potential explanation for this
finding is that patients with hypertension had higher levels of angiotensin Il activity in their
circulatory systems. Angiotensin Il causes islet fibrosis and decreased insulin production, which
in turn causes insulin resistance by activating the renin-angiotensin-aldosterone system (RAAS)

and influencing the function of the pancreatic islets (62).
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7. CONCLUSION

To successfully reduce prediabetes prevalence and prevent its progression to diabetes, public
health strategies must be multifaceted and tailored to specific risk factors and demographics. By
focusing on age, alcohol consumption, physical activity, education, income, and diet. This study
highlights the strong associations between heavy alcohol consumption, physical inactivity, high
BMI, and the presence of prediabetes. These findings reinforce the importance of addressing
lifestyle factors in the prevention and management of prediabetes, and they offer valuable
insights for public health initiatives aimed at reducing the burden of metabolic disorders.

The sedentary nature of banking jobs, combined with high stress levels, contributes to an
increased risk of prediabetes, as employees spend most of their working hours seated.

This study highlights associations between prediabetes and factors such as physical inactivity,
body mass index (BMI), blood pressure, and alcohol consumption. However, it found no
significant correlation with non-modifiable factors like age and sex, suggesting that lifestyle
factors play a more critical role in the development of prediabetes among bank employees.

8. LIMITATION

One major limitation is the lack of investigation into dyslipidemia levels
Institution-based cross-sectional study

Prevalence of prediabetes might have been overestimated

YV V V V

Single diagnostic method—fasting blood glucose—without incorporating glucose
tolerance tests (GTT) or HbAlc measurements may have resulted in missed cases of
impaired glucose tolerance (IGT). Result might have been overestimated, as it does not
account for variations in the broader population.

» Small sample size to assess the significance of risk factors

» Financial constraints (shortage of budget).
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9. RECOMMENDATION

>

Lifestyle modifications (exercise, reduced alcohol consumption, and weight control) are
essential to reducing prediabetes prevalence.

Employers should implement health programs focusing on physical activity and wellness
screenings.

Healthcare providers in all health facility and other institutions must enhance early
detection strategies, particularly for individuals with hypertension

Ethiopian DM association conducting workshops on physical activity and modifiable
risk factor of DM

Banks manager could consider redesigning work condition to encourage movement
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11. ANNEXES

Annex-I
Annex 1.1 Participant information sheet

Project title: Assessment of magnitude and determinant of prediabetes among commercial bank
workers of Ethiopia found in Shire Endaslasie town, Ethiopia

Investigator: Kbrom Tamene

Email: tamenekibroml121@gmail.com

Phone: 0932329914

Supervisor: Dr. Desalegn Teklu (DVM., Asst. Prof. of Medical Biochemistry)
Sponsor: Mekelle University

Introduction

Hello, I am Kbrom Tamene, from Mekelle University, College of Health Sciences. | am here
today to collect data on “assessment of magnitude and determinant of prediabetes among
commercial bank workers of Ethiopia found in Shire Endaslasie town, Ethiopia

The objective of this study is to assessment the magnitude and determinant of prediabetes among
commercial bank workers of Ethiopia found in Shire Endaslasie town, Ethiopia, from November
2023 to April 2024. 1 kindly request that you take part in this study. Your cooperation and
willingness are greatly helpful in identifying information related to prediabetes among
commercial bank workers of Ethiopia. It needs about 20 minutes for the interview and blood
collection producers. There is no direct benefit or possible risk associated with participating in
this study except for the time spent responding to the questionnaire and collecting blood. The
information you provide will be kept strictly confidential. Your participation is voluntary, and
you are not obliged to answer any question that you do not want to answer. If you feel
uncomfortable with the question or the blood collection producers, it is your right to drop it at
any time you want.

Purpose

The overall purpose of this study is to assessment of magnitude and determinant of prediabetes
among commercial bank workers of Ethiopia found in Shire Endaslasie town, Ethiopia, from
November 2023 to April 2024. | want to find out the derangement of fasting blood glucose and

its associated factors in commercial bank workers of Ethiopia found in Shire Endaslasie town,
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Ethiopia. With this information, 1 will be able to give information to health care providers and
policymakers and share it with the rest of the world to raise awareness about the prediabetes and
its risk factors of commercial bank workers of Ethiopia found in Shire Endaslasie town, Ethiopia.

Procedure and participation

You will receive the Tigrigna version of this information sheet and consent form to read until
you completely understand it. If you cannot read, that will not be a problem because | will also
provide you with an oral briefing so that maximum understanding and clarity will be created.
Then, subjects with an interest in participating in my study will be asked to sign the consent
form, and the investigator will record their personal information. After providing your consent, |
will ask you for demographic information, other relevant clinical data, and 5 mL of blood
samples will be collected from you.

Confidentiality

We strongly assure you that your name and other identifiers will not be disclosed to anyone
outside of the study.

Rights, Risk and Benefits of the Study

Your participation in the study will not have any adverse effects and will have minimum
invasive procedures. You may have minor discomfort and pain during the blood drawing, and
there may also be mild redness or swelling on the site from where the blood was taken. But this
will be minimized, as the procedure will be carried out by experienced health professionals in the
hospital with standard aseptic conditions. You will not receive a direct benefit from participating
in this research. However, you will be assisted by public health professionals to gain an
improved understanding of the adverse effects of prediabetes. At the same time, you will get to
see some biochemical parameters and a clinical assessment of your health condition for free. The
information you provide is confidential and will only be used for the objective mentioned above.
Information about your health collected from the study will be stored in code numbers. No
personal identification will be mentioned in the results of the study, which may be published for
scientific purposes. Therefore, | want to assure you that your participation in this study will not

involve any risks to you.
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Inducement, incentive and compensation
There will not be any monetary payment linked with your participation in this study. The benefit

you will gain are mentioned in the above under the section ‘‘Benefit”’,

Freedom to withdraw

Your participation in this study is completely voluntary. No penalty or loss of benefit is involved

if you change your idea that you do not want to participate.

Person to contact

In case you have any questions, unclear ideas and doubt about the study please feel free to

contact the following individuals through their addresses:

» Principal investigator: Kbrom Tamene (BSc. in Health Officer)

Email: tamenekibrom121 @gmail.com
Phone: 0932329914
Principal supervisor: Dr. Desalegn Teklu (DVM., Asst. Prof. of Medical Biochemistry)

- Email: gsh22006 @yahoo.com
- Cell phone: 0972166291
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Annex-1.2 Informed consent

| understand that the purpose of the study is to collect information regarding the assessment of
magnitude and determinant of prediabetes among commercial bank workers of Ethiopia found in
Shire Endaslasie town, Ethiopia. | have read the above information, or it has been read to me. |
have had the opportunity to ask questions, and any questions that |1 have asked have been
answered to my satisfaction. | consent voluntarily to participate in this study and understand that
| have the right to withdraw at any time without, in any way, affecting my social life or medical

care.

1. Yes, of course D
2. No. D
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Annex 2. Questioner (English Version)
Step 1 A. Socio Demographic Information of Respondent

No | Questions Alternative Choices for Response Code
1 Sex 1. Male 2. Female
2 Age Years
3 Religion 1. Orthodox 2. Muslim
3. Catholic 4. Protestant
4 Martial statues 1. Single 2. Married
3. Divorced 4. Widowed
5 a. Educational status? If| 1. Literate (can read and write). Yes No |-
yes Diploma,
b. Level of education
Degree,
Master
6 How you see your job |1l. Work overloaded Unachievable deadlines | -=-----
situation during delivery of | 2. Exposed to repetitive stressful situations
service is there any feeling | 3. Financial problems frustrate me in my job
happened? 4. Other specify it
7 How many years of service years
in bank
8 Huw much is your family’s | 1. Birr 2. Don’t know
total monthly income?
9 Does your families have | 1. Yes 2.No ] e
medical history. If yes which type of disease?
1. Diabetes
2. Hypertension or heart disease
10 | For females only. Have you|1.Yes | e
ever given birth to a very big 2 No

baby(=>4kg)?
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B. Questions related to various health behaviors: smoking, drinking alcohol, eating fruits and vegetables,

feeding sweetened or refined food and Physical activity.

1. smoking Code
11 | Have you ever smoked cigar? 1.Yes 2.No,
If yes, are you currently smoking
cigarette
1. Yes 2.No
12 | When did you start smoking and averagely how | 1.Since the last--------- years | -
much cigars smoke per day, week, month? 2. Since the last-------- months
_____no of cigars per day 3. Since the last-------- weeks
____no of cigars per week 4.0n ------ day 5. At ----- years of age
no of cigars per month
13 | Do you chaw chat? 1.Yes, 2, no ifyes, please specify | ------
1. Yes, weekly
2. ye, daily
3,Yes,sometimes
2. Alcohol: The next questions ask about the consumption of alcohol.
14 | Have you ever taken any type of alcoholic drink? | .Yes | ==-mme-
(Beer, wine, spirit, tella, tej, etc) 2. Yes, but not in the past 12 months
3. No, I have never = Skip to Qn.17
15 | Have you consumed alcohol within the past 12 | 1. 5o0r more daysaweek | ---—---
months? how frequently have you had at least one | 2. 3-4 days a week
drink? 3. 1-2 days a week
4. -3 days per month
5. Less than once a month
16 | How many bottles do you drink per day? _____no of beer, wine, sprite per day
_____no of beer, wine, per week
no of beer, per month
3. Diet: The next questions ask about the fruits, vegetables and oil/butter that you may eat
17 | How many times per day do | 1. Don’t eat fruits at all 2. Don’t eat fruit everyday
you usually take fruits? (Select | 3. | take fruits every day 4. | take fruits 3 times per week
one response)
18 | How many times per day do | 1. | eat vegetables every day 2. Don’t eat vegetables at all

you usually eat vegetables?
4 times per week

3. | eat vegetables 10 days per month 4. | eat vegetables 2-

How many times per day do
you usually eat and saturated
oil/butter solid oil? (Select one
response)

1. No one eaten 2. Don’t saturated oil/butter everyday
3. | eat saturated oil/butter once a day

4. | eat saturated oil/butter 2-4 times per day

5. | eat saturated oil/butter 5 or more times per day

Note [*One ‘standard drink’ is the equivalent of * one glass, can or bottle (330ml) of regular beer (which
contains about 5% alcohol), * one measure (40ml) of spirit, or one glass of wine]
[One helping of fruit includes one banana, one orange, one apple or one slice of pineapple etc.].

Physical activity: Next, | am going to ask you about the time you spend doing different types of
physical activity in minutes in a day in a week. Please answer these questions even if you do not
consider yourself to be an active person. Think first about the time you spend doing work. Think of

leisure time, means of transport and other

Code
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19

Work-related physical activity: Firstly,
how many hours do you typically spend at
work each day?

_________ no of hours

20

During working hours, how frequently do
you practice the following

A. Mostly sitting or standing or no activity done
that increase heart rate or pulse rate
Minute/day for day in a
week
B. Moderate-intensity activity, that causes small
increases in breathing or heart rate such as(brisk
walking or carrying light loads) for at least 10
minutes continuously
Minute/day for day in a
week
C. Vigorous activity any activity that increase
Heart rate and pulse rate (carrying or lifting
heavy loads, digging or construction work) for at
least 10 minutes continuously?

Minute/day for day in a week

21

How often do you use the following
transportation methods on a typical day?

A. private car or taxi, bus, minibus or train

1. Always = 5 time per week

2. Usually/Often = 4 time per week

______minute/day 3. Sometimes= 1-3 time per week
B. bicycle minute/day 4. Never
C. Walking (on foot)
minute/day
22 | Outside the working hours in what | A, Mostly Sitting or Standing? reclining with | ------

activity spent the time and how long in
minute in every activity stayed

only a little walking playing cards or watching
television,) ------------- minute per week

B. Activities that require the same effort as
walking long distance, or backyard gardening, or
climbing upstairs, running, playing football
-Minute a week

C. Activities that require the same effort as
lifting heavy weight or strenuous exercise.
- minute a week

d. Other ---------- minute a week

» Mild intensity activity (in active): standing, sitting, recalling or move less 150 minute per week

» Moderate-intensity activity, that causes small increases in breathing or heart rate such as (brisk

walking or carrying light loads (<20 k/g

» Vigorous activity any activity that increase Heart rate and pulse rate (carrying or lifting heavy
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loads, digging or construction work, running

NB to say active: make moderate intensity activity >150 minute per week or vigorous activity > 75

minute/week

Step 2. Physical Measurements Code
23 Blood Pressure (measured 2 times) 1" (systolic/diastolicy | -------
2nd ----mmHg (systolic/diastolic)

24 Height (measured 2 times) 1st ----------- cm 2nd ----------- cm | -

25 Weight (kg) | e Kg |-

26 Body mass Index _ kg/m?

27 Waist circumference or abdominal girth (measured | G1 --------- cm G2 -------- cm | -
2 times)

28 Hip circumference (measured 2 times) 1st ------- cm 2nd ------- cm |

29 Waist to hip circumference ratio 1 R

30 Waist to height ratio

Step 3. Biochemical Tests Code

31 Blood glucose analysis: Fasting blood sugar Result: mg/dl | -

47




A1 AT MO0 HhEL RSt e ol X &

CAQ. AN, awZ ol - Al AACRe 7% Q7h N4 A0 9°06h NCOIE
A& ST G8 PLav m™9° MNCPe I°Cavl AT oo P AT 11T HALI® ChAl
790050 NTSA® FPA avhlT Re.::

tavd.71¢: 1NEI Javy

NZ10C: 0-22%.9A L.7C ool pAE POST ALT0 : ARGY® LLOaCAL

awTNCE : AC LANT THA- (AI°HOO, BN TEELAC)T AC W10 A" (AC,
AhI°HhN.0, hIH, TEENC) 1 alyPT VLA (AY°.A0.0.)

avh 1P

AH, ANéD 010 XdG HEAP 0A9°h AN, HOLE X GO AT ThTh'
GFLNI TInIT h e ANMON AN, NNLEA avZ GHl: ov-Ah A nPVONI
As Ao, Ao7 0 AT ATRALS AN AAHCHC WA her AN,
0es Lnrrt: nNC7 ovONT FATEL ANEITNA oo 1S TR ATon 90
PIPFIT Awr ATF2LPST ANT=: OANDY AN, @ZSoL a4 19°07
THo-0rG Al A0éT ANOPFTF I°CHA mFP o) LThw7: WOr 91T it 0f
W AA HEhT 1IC APEIm9° 29 /w7 ANLHTT ATeS N7 NLALP/A I
THAI /S LAN: AAH, X GoE AL 19PN ATTo0SIC/TT A A,
O-NhI°/RT Rl XSOl LT 1090107 NTNSAG/EAT NWTHT WAk
HtmF A 00T ov-Ad N°AA TLAALPT 0T NATEL LAAI°/ 1T 4.REI°/ LT
NG/ AL WHSA® §TL A0 PP NI NEINAATNEINIANG
APIO/ACTE THPNGAS/HINEAS 9 Tm00C7 W07 APLI°e 9°005 L
PPN =

48



9477 S LH, wEGOTT THP°/T+T TAT6ET

AEAP 04T AN, oSOl Al ACATARe TS OFh DL RN 9PALh NGO
A& ST G8 PLav m™9° MNCPe I°Cavl AT oo P AT 11T HALI® ChAl
CAQ, 79°050 Af:: 10T A7 AAl A APAP 7% O7h T4 Hoe §¢ R9° 947
ANC7 oo PAdE 116 1900507 NN, @0pGoE AN ANMNCHA avldShd o7
NF75 7186 77007 TA9A PP P0G A NP0 HAAA M0 THeEmC
NNMC AR

TatG1: hH, X GOt NThovf Lhdf?

AMP ol AATEE PORNPET A LT ol @lFT PTT0NL/A
nol0ng°/7 we=: Lhé Al Todh, ooNVCYE aPINnI/T A= NTo0t
gt AN hIT R n 1PN, DICNHLLANI/NTT 9O AEMAN AN,
X Gol TN LAT HAPIY Al AACARe TS QTh G4 Al 9P0Cah
HCOE ALt E T ANLANI /T P09/ A T O9°9°0 o,
NI°GL-9° PL.I0-/1: ANLAANI°/NT 9°N00NI°/TAGT TH, avpG oL AN, HHSAm,
At NP LI AN NI 17 1l 67%F HEA 5 /0, T8 RI° Gav-§ i)
Lav (&, C KON/ NP@.AL NAN oo, D740 A ::

AN, &S0l NF°OFENT A7FL PPo1 L4 TNH/0N?

9°0 AN, v SOl NWi-Fhal 7HAtel; HhdA $7J aga-T hI°HLVA. A7IAX
Téoks D@ VT NN, oGOl AH, NHCHN h(bd aoOit §L PLav hTI9°
MhCe 9°Camés WG avFAdT TIe-T HAPI® C7 Al +Lav ganhn 1A
Al 9008 h9° AP A by h9° 9% L0/ AE9°/0T Al PRI T::

AN, Z oL NMPNFE.L W73 L +&AT R A7 LTHAA?

AH, &GOl T8 TNFEE L7l 1NCT avANT7 MHAA R4LE NNELD110 DLk,
TR0 %N PIPT NC AL: Ak NADAN Too-§ ANZA eI aa Ny
9°0H, IFhh k- Hovdh 9°79° 9L AOLT PA7:: b Q'+ 1G5 Gov-§ Al HaALA-
00, Htedr T2 m719° 09Ut A LhAN AL A0S Ao7 17 AN,
RGOl TS FEAT HNAM 0f 19 G0 ALD HIAR NC PAT= 1,
Pa oo 20 KBS MAI/RT 1N/0GT AE9C:

Al XSO h2C?P LA ‘A?

49



PL9° A.A NIPNIA0 AN, ovdGOT: 9°0IG ov-A.h Foo-Ah Al AFTL AT
TATG NhaooChO Al Al DG4 N0 X ToL P°REA LNAA ALz NAHNRLY
NOA A7 0T 9871 ol L°07 PA%YT ALUAT::

) AatEt RToN& AéD PPAmlo-r T NMHPANT

20 ATl ATo0& ANLD G Lavy 9PN AHPEAT oo )Y N0l A% NGo9°:
AAlL TH. 099 A.0°9°/A°7 HINA h(0éJ 9°Om4 HEhA® AL::

P°HCIch @0l T FLH avd5dt: HIAOT

o-dh T GLH iSOt Navphnd hI9° of W% A 074.07031T APl
NAC/MHC M AL hh9® ALALYE NAAT 24T AGTmP9°h Ao? Al
0Oh T G2 I°HCIh ONéchl: NOC-ch LNAA AR

7007 DO/ LLAR/ L7

Al 0791 HAYA ht A7TIALPI)T PGS awlPé (H, HOON AL de-a
°ChN LhARA/A:

hcer I9°%
NAN$06:0932329914
Ah.”2 LA tamenekibrom121 @gmail.com

50


mailto:tamenekibrom121@gmail.com

A 1.1: ANl AFAM Ntoohlit §L +AF4 LT NP0t

9497 G EH, ovpG ol AMON Al A A-ACAe T9% AFh G4 A0 9°0é-h HCOO-
Ol TG DT G PLav m™Y° ThC P 9°Covld AG oo PAdT: 7Ii-T HALI® Chrl
ol BRI TR R ANHNNA LA AT NCHC AMOO 7161 NP
Ao o0, Ahd Ao7 ATL07 QLT Ade:: HEONLUAL  hf
SLI° I R 0LA NN W7 No7 NINA AN oo, ho7 PO
AR Ao, NATE LAPTL AN, @dGol: Al AT TATEN A7 T7 A
NEAN® M AHLNDY 9°PPAINE “Th0-P Yot 0L9% TOTP AIANNT
20N, ov0G 0L 9°03-6 9CAL NIAA NHAAN 9°01L 1TEA%H Al

1. Aw: A'HM0A |:|
2. AhL4A |:|

51



AN 1.2, aoihtt (WCohot TICE)

19700407 0'1-vHD-7 b1t

+06 | cht av\(\, av9LA, e
1 rr -+ LY,
2 0L:7n/n. N0 hR? 9 go-}-
3 1275 /. AL bt V) nlAtLnh
N) ao-QA9° h) TCEOF 1t
4 | it hEC v) HtaoCOm T )
N4t ch
)  Hh8C  HeNA o)
NAA.........
5 [ 36 25 20 A BV P N U) HteoliC WA A) | -------
H&A"11 4
TH+ a1 C L. T 4.4
LL8 tavvlh S 0L
6 Al I 0é-chh/h, 7738 RNeo%h/9Nn.? 1. Aéch W0E |-
2. Al ALC M (FHde
Né-ch
3. N ANAFR AR
né.eh 17 one
4. GCch, PLO. hPMEAS
5. hAh H1H4P hAafl-----
7 n7LL oot Géhh/h. Al M0 | e 9 go-t-
hooie @7 ol o990t 788 Ol | -----em- 09t
TACh/dh?
8 N7 A% MCHE h3Bh-92°/ni 1. I CA( 2.
hGA.NMT
9 Mo kAN N A1 ADCe of (V. Ao e
NHALI® HAL hh- A7 . A7 AILAC 1A% 10C
10 |7 &¢& amvte NF a0Ldk: hng Hh? | | e

NoA, 4 N7 HI°HT VAT hAN-I° L7

52




A. H+4AAP G2 TG MWWCET aomPeI+ HatF ANH.L Hat-k AHI® HOON  AP-9°
1. NHON (. D¢ I°TPI° LI°ANT

+04 | hP ao\(\, avTVLA, he
11 | A.2¢ Aha/h, 2 1.A@, ao9GAIP 2. A® Ahhpd
+eL.am/m/ 7L M 3.424-A
12 | afH H. A% T (.2¢- U. 0l Hhhd. Gao-t
+Och /N, 2 2. 0l HhAd. oCh.
A A1LAC her h 3. il HhAd Oao-y
ao%’H 9% nn/9°0chA 4. 0N HhAd. avSn1L
ao %' €99./20/n.
13 | N9AhAL Nov%N+E: | —-meeeeeee- noe e
n728 At (.2¢-
+chN/0.?
14 | s\ £h9™n 2 FELAT/mM, | 1. A o T Y N R
2. AMON TadhbA +PAGLYTT hfIt.
15 | ‘HhY 9849+ oot Ath/n. | 1.A0 2 A4-LAN | -
L HAT/m, TN 0.e- ao\(\. K017 A78che D8 G 9°NL h%7.0°0
O é-21 PA Pt BchAg-
16 ANl Hhad, HL OCdh. 1. 1-4 M Al o9 e
n7L2e HanA AN 2.5 I O(ao-GP
aGAF PGP MCAHP | 3. 3 + 27190t Al OCHP
O-th/n.
w0k /0ke. han/h, | - (WHch, HAOAP)
N?7ahAL 118 T0LL
Al 799012
NHON oo, 197,270
17 | 2728 M HAhA 1) @49 9°719° A0 h@LATT
4-4.9°L Al avGt 2) LNAO AP hhhg-
Tao10./) 3) Mook 1 M 2NAd
4) Al 719012 2-4 ML COAD
5) ANl 219012 5 47 WA TA0A, POAD
18 | n728 M HARA Ah?°At: 1. Ach9°ANT 9°79° (A0 ALLATT 6.

afl a9t Tav(1 /)

2. BNA0 AP HhhAg-

3. NMeo9intk 1 M 2NN

4. al 7190108 2-4 T POAND

5. afl 7190412 5 A7 Wl TN, POAND

AADA oot NTCovH AS +OS 1PooT TN Wk TlooH (e (330) = 5% AADA
Ll T Ak Tlool OWTELLTT & P77 = (40ml)

HON ANAR 9°7APN gochi-l: avldfnd Al ML Od-chT Dl Dé-ch MINT

19

al Néch M 0128 A% T
HhRA AG0L-chh ThAE,

N%t

53




18 | Al Oé-ch IH h1LL
Hahd AR HOON-
THO+HEI® h9°h- A7
TN1Le LbPiNGT HhhA
+07%ch

U. hq7 L7 N9°0A 7 Lb 0GT-
A.9TANAL £L8 9°HP0 PN (PATETE hAh
19 HIPAN (1N 7 Lt P GEN
Ah.he HhY °FPOPO DL FIeT oG :
AT CHP I1POLNT 9°0CT 10 7 b
NS

20 | 1722 M. Hhhd ANHI®
HOOO- a0 IFGHE

TP Ppavpe9°

U. §¢ ‘M /710/aon.G/*
VHOAR oo/ NT°C-------
A, NAgh 7 Ldd

(% T

ch. NAL. 7 Lt P

(% T

1.4 M

2. AhhAg-

3. Achk:

4. 7°19° h2al®-TC9°7

21 [N Oéh 0942 HA- N
n1Le HhhA  AHY®  HOON-
+THo 6/ N hD7
ILL LePINGT HhhA
T0%h/ch,

U. b7 La@7 N9 7 Lbd 0%
A9TANAL LB PR (PATETE
9> 19HIPAAN (N7, Lk P 0%

h.A\n

h. b Hhy °rPhPO DL P IOTMIF:

A°CHe ™1e0eat 9°C 1L 7
0%

Lt

ArtC 277 Sh TG

22 | aomy 0°Pm, GL avP9°lP (L0 AR /%2 O Fih
2+ M TAho) aq /oy,
WO HAh /8.2 0 Pah aq /oy,
23 | ¢oo}- R Ty | A—— A/,
7YY pe—— a/9,
24 | ant |
e 7¢-9°
25| 98 f9°m, N4.hT. L [ A a7 NARL--—mmmeme-
a/9,
26 | G & A0/10e G477 P L T — A%  NARL --meeeee-
A/,
27 | a1 9°h koot AFTGI0C n/ 92
27 | 98 T1PE HCP Toht 9°n GL
G N o 71 P M & ey o R ———
28 | 999PE HCP IOAhT 9O koot
NSAAC hoe

2.5 OAOT N¢hoLhAI° 9°Cavd-

30 | aom? G£ £9° 14-D0 +LN. 9. | T9,/2.\,

54




