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ABSTRACT

Background: Hyperuricemia is an abnormally high level of uric acid in the blood. It has been linked to several
disease conditions including metabolic syndrome, diabetes mellitus, kidney disorder, and gout both in females
and males. Few studies exist that explored the prevalence of hyperuricemia instigated thru Type II diabetes
mellitus with central obesity in Ethiopia.

Objective: To assess the magnitude of hyperuricemia and associated factors among adult type-two diabetes
patients with central obesity in Woldia Comprehensive Specialized Hospital, North-East Ethiopia, 2023.
Methods: An institution-based cross-sectional study was employed at Woldia Comprehensive Specialized
Hospital from May 8 to July 7, 2023, with a total sample size of 423. Convenience sampling was employed.
Face-to-face interviews, review of patient’s medical records, laboratory tests, anthropometry, and blood
pressure measurements were implemented. The data were entered via Epi-Data (version 4.6.0.6), and exported
to Statistical Product and Service Solutions (version 26) for analysis. The bivariable and multivariable binary
logistic regression analysis model was fitted to determine the associated variables of Hyperuricemia. The
adjusted odds ratio (AOR) with a 95% confidence interval (CI) was calculated. Variables having a p-value of
< 0.05 were considered statistically significant.

Results: The magnitude of hyperuricemia in the study subject was 37.2 % (95% CI 32.9 — 42.2). Age > 45
years (AOR = 1.670, 95% CI =1.020 — 2.732), male gender (AOR = 1.754, 95% CI = 1.075 — 2.861), duration
of diabetes mellitus > 10 years (AOR = 2.310, 95% CI = 1.074 — 4.972), diastolic blood pressure > 80 mmHg
(AOR =3.437,95% CI =1.748 — 6.758), serum creatinine > 1.2 mg/dl (AOR =2.347,95% CI=1.154-4.771),
total cholesterol > 200 mg/dl (AOR = 2.362, 95% CI = 1.300 — 4.292), alcohol consumption (AOR = 3.320,
95% CI=1.557 — 7.081) were found to be significantly associated with hyperuricemia.

Conclusion: Results in this study revealed that diabetic patients with central obesity in and around Woldia
region demonstrated significantly higher levels of hyperuricemia. Significant associations between
hyperuricemia and factors like age, creatinine, diastolic blood pressure, total cholesterol, alcohol consumption,
and duration of DM were also recorded. Lifestyle changes, health education, and regular screening shall be

implemented to prevent hyperuricemia in centrally obese DM patients in Woldia region.

Keywords: Central Obesity, Diabetes mellitus, Hyperuricemia, Magnitude, Woldia, Ethiopia
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1. INTRODUCTION
1.1 Background

Serum uric acid (SUA) levels should not exceed the typical maximum limits of 7.2 mg/dL for
males and 6 mg/dL for females; anything above is regarded as saturated, and symptoms may
develop. Increased uric acid generation, reduced uric acid excretion, or a combination of both
processes are responsible for this excessive level. An abnormally high blood uric acid level is

known as hyperuricemia (HUA) (1,2).

Accelerated purine breakdown under conditions of rapid cell turnover and reduced excretion
are further signs of elevated SUA. Moreover, it has been linked to conditions including
metabolic syndrome, diabetes mellitus (DM), cardiovascular disease, and chronic renal disease

as indicators (1,3).

The chronic metabolic disorder commonly referred to as DM has been defined by persistent
hyperglycemia. It might be brought on by decreased insulin production, insulin resistance, or
both. About 415 million persons between 20 and 79 years old had DM in 2015 (4). By etiology
and clinical manifestation, DM may be categorized into type one diabetes, type two diabetes,
and gestational diabetes. Monogenic and secondary diabetes are a few of the additional less

typical kinds of diabetes (5,6).

Type two diabetes mellitus (T2DM) previously identified as adult-onset diabetes indicated by
elevated plasma sugar, resistance of insulin, and a relative shortage of insulin. Amplified thirst,
recurrent micturition, and mysterious loss of weight are its typical symptoms. The leading
causes of T2DM include being overweight and not exercising. Genetically speaking, some
people are more vulnerable than others. Moreover, among all the cases of DM about 90% is

T2DM (7,8).

Central obesity (CO) particularly characterized by extra fat build up in the belly to the point
that it might harm one's health or cause further medical issues, is closely linked to the
manifestation of T2DM (9). CO is linked with insulin resistance, mainly affecting skeletal
muscle, adipose tissue, and the liver. In particular, abdominal fat secretes hormones called

adipokines, which may reduce glucose tolerance (10,11).



A study conducted in Japan found that CO was linked to HUA in both men and women,
especially in those who were normal weight (12). There is a reciprocal relation between obesity
and HUA; obesity raises the synthesis of SUA and reduces its excretion, which results in HUA
(13). Additionally, oxidative damage, inflammation, and resistance of insulin brought on by
obesity might raise SUA levels (14). By speeding up peripheral and hepatic lipogenesis, which
results in weight gain and fat deposition, HUA induces obesity. In addition to enhancing hunger
and impairing glucose metabolism, HUA can also lead to obesity (15). It is crucial to measure
central fat distribution to identify health hazards early on, especially in those who are of normal

weight (12).

1.2 Statement of the Problem
The magnitude of HUA has significantly grown globally during the past several decades. The

majority of patients with HUA are symptomless, about one-quarter of hospitalized patients and
up to 21% of the general population are thought to have asymptomatic HUA (1,16). Various
studies have shown diverse instances of HUA in people with T2DM who possess CO, such as
in China the overall prevalence of HUA was 32.6% (17). In Africa, T2DM patients as a whole
had a prevalence of HUA of 27.28%. The frequency was 33.72% in Central Africa and 24.72%
in North Africa, respectively. Regarding gender, 28.02% and 28.20% of T2DM were female
and male with HUA, respectively (18). Similarly, in southwest Ethiopia, 33.8% of T2DM
individuals had HUA (19).

Hyperuricemia is possibly a serious disorder with risks of mainly complications related to
nephrolithiasis and gout but it also possesses some potential ramifications including bone loss,
chronic kidney disease, HTN, tophi deposits, skin rashes, allopurinol sensitivity syndrome, loss

of mobility, restricted range of motion, joint damage and deformity (1).

Hyperuricemia also leads to an unfortunate prognosis and rise of DM complications including
diabetic neuropathy, retinopathy, and nephropathy, raising the risk of morbidity and mortality
that can affect their family members financially and emotionally (18). Each 0.1 mmol/l rise in
SUA was linked to a 28% increase in the risk of diabetes vascular complications and a 9%
increase in the risk of diabetic mortality (2,18,20). Moreover, an estimated 3.4 million people
died of poor DM prognosis, among those > 80% of diabetes mellitus demises happen in low-

and middle-income nations (7).



HUA might increase medical costs for diagnostic and therapeutic management of
complications like diabetes and chronic renal disease, which has a significant impact on
healthcare costs. In addition, it could necessitate lifestyle adjustments, including dietary
adjustments and medication compliance, which might influence workplace productivity, social
activities, and relationships. Furthermore, there could be a need for nutritional limitations,
including limiting the consumption of foods high in purines, which might vary depending on

national dietary customs (2,17,21).

High blood pressure, hyperglycemia, and abnormal cholesterol levels are some of the major
determinant factors affecting HUA among T2DM patients with CO. An increased risk of HUA
is shown in T2DM patients who are older, females, and have had diabetes for a more extended
period. Hyperuricemia was linked to several cardiovascular risk factors such as HTN,
dyslipidemia, and renal failure which in turn are linked to other factors of HUA (2,19,20,22—
24).

Lifestyle modifications such as alterations in diet, drop in alcohol intake, and workout, were
the first line of treatment for the vast majority of HUA-affected individuals except for the
oncologic set that individuals getting cytolytic treatment. Regarding pharmacotherapy, the
main aim is to reduce morbidity and prevent complications that also depend on whether patients
are overproducers or under-secretors. Furthermore, together with lifestyle interventions,
medical treatment options such as non-steroidal anti-inflammatory drugs, glucocorticoids,
uricosuric agents, xanthine oxidase inhibitors, recombinant uricase drugs, and more were

suggested (1,16).

The research done among different scholars shows inconsistency and contradictions regarding
HUA, like the difference in inclusion criteria, and especially the factors that affect HUA; as in
some studies, some factors become a significant predictor of HUA & show a positive relation

with HUA, whereas in others studies vice versa.

To the best of the authors' knowledge, no similar research has been done in the study area.
Furthermore, unlike most related research done in other countries, new predictor variables like
medication adherence, khat consumption, depression, anxiety, and stress were added.
Moreover, studies in different countries show inconsistency and contradictions and do not

profoundly explore factors that may affect HUA. Furthermore, some studies showed

3



methodological feebleness that can affect the study output, like having a relatively small sample
size. Hyperuricemia can harm the quality of life, and daily tasks, and increase expenditure for
medication, but the burden of elevated plasma uric acid in T2DM patients with CO and even
in the general population of Ethiopia has not been quantified. As a result, the purpose of this
study was to determine the magnitude of hyperuricemia and its associated factors among adult
type-two diabetes mellitus patients with central obesity in Woldia Comprehensive Specialized

Hospital, Woldia, Ethiopia, 2023.

1.3 Significance of the Study
An increased uric acid level in the plasma which is known as hyperuricemia is a common
disorder that touches patients of all ages and sex. Various socio-demographic, clinical,

behavioral, and psychosocial factors have been identified as risk factors for HUA.

Type 2 diabetes mellitus patients with CO face a variety of routine and psychosocial pressures
due to factors including poor healthcare access, comorbidities, and their treatment along with
financial burden that can directly or indirectly cause new or aggravate the preexisting problems
they possess. Even though hyperuricemia can impair one's quality of life, daily tasks, and
financial resources directly or indirectly in T2DM patients with CO, there is no publicly

available data on the magnitude of HUA in Ethiopian T2DM patients with CO.

The findings of this study will be valuable for various stakeholders in creating awareness,
adding value to the existing literature, filling a research slit, and providing insight into the
magnitude of HUA in the T2DM patient with CO. Furthermore, the findings of this study will
provide information to stakeholders in the future as they develop prevention strategies, care,
and early treatment for the disease. Moreover, the findings of this study will serve as a baseline

for other researchers interested in this area.



2. LITERATURE REVIEW

2.1 Overview of Diabetes Mellites & Hyperuricemia

A chronic metabolic condition called diabetes mellitus (DM) is characterized by excessive
blood sugar levels brought on by inadequate or resistant insulin. Over 463 million individuals
are affected globally, and its prevalence is rising. The three main kinds of DM are type 1, type
2, and gestational diabetes. When insulin-producing pancreatic beta cells are destroyed, type 1
diabetes develops, which results in a complete lack of insulin. Beta cell dysfunction and insulin
resistance are the two main characteristics of T2DM, making up 90% of all disease cases.
Gestational diabetes develops during pregnancy and typically goes away after delivery, but it
raises the possibility of developing T2DM later on. Cardiovascular disease, retinopathy,
neuropathy, nephropathy, and foot ulcers are among the side effects of DM. Together with
drugs like insulin and oral hypoglycemic agents, lifestyle changes like diet and exercise can

help manage DM and stop its consequences (7,8,25).

A plasma uric acid level greater than 6.8 mg/dL is considered to be HUA. It is characterized
by increased blood levels of uric acid, which is linked to several illnesses, including gout,
kidney stones, heart disease, and DM. Even though uric acid was discovered over 200 years
ago, certain pathophysiologic elements of HUA still need to be addressed. For many years,
gout has been associated with or assumed to be the same as HUA. Nevertheless, uric acid is a
marker for several problems in metabolism and hemodynamics. Uric acid is a weakly soluble
end product of purine metabolism in humans as opposed to allantoin, which is the more soluble

result of purine metabolism in lower species (1,16,26).

Two-thirds of the body's urate is generated endogenously, with the remaining one-third coming
from dietary purines. The kidneys expel around 70% of the daily urate production, while the
intestines eliminate the remaining 30%. The intestinal contribution to urate excretion rises with
renal failure to compensate for the kidneys' reduced ability to excrete urate. The balance
between the rate of uric acid excretion and purine breakdown determines the uric acid levels in
the blood. Although most cases of HUA are caused by clinically deficient elimination, changes
in this equilibrium theoretically might explain HUA. Patients with T2DM who are centrally

obese or overweight frequently experience HUA. Diabetes and its long-term consequences,



such as cardiovascular illnesses, metabolic syndrome, insulin resistance, and diabetic

macroangiopathy, are all intimately correlated with HUA (1,16,26).

TH 2 Adenosine e Purine nuclecside 'ﬁ'
NZ Hl,r_,N‘\ deaminase N~ - N phosphorylase - ],N
L‘:N,.rx N ' SN [\! L‘-;N.-- ~N’
ribose ribose H
Adenosine Inosine Hypoxanthine
Xanthine
oxidase (XO)
o) 0 ‘jﬁ
I Purine nucleoside 1] Guanine
< N . _N AN
HT %  phosphorylase HN L 3 deaminase th Ll \
H,N“ N7 N T HNT SN N N
ribose H
Guanosine Guanine Xanthine
Xanthine
oxidase (XD)
K
i
HN N
=0
0':"’1'“' N~ N
H H
Uric acid

Figure 1: Biosynthesis of uric acid from purines (27).

2.2 Magnitude of Hyperuricemia Among Adult Type Two Diabetes
Mellitus Patients

The incidence of HUA significantly varies among places in the world, according to the
systematic review of population-based epidemiological studies the incidence of the condition
was 22% in females and 21% in males in High Income North America, compared to 9—12%,
5-11%, and 10-16% in Italy, Spain, and Sweden respectively. Although HUA was
comparatively more common in Asia (High Income Asia Pacific: Japan 4% in 1980s / 20-26%

in 2000s, South Korea 5%, Central Asia: Mongolia 5% in Females & 18% in Males, East Asia:



China 6-25%, Taiwan 10-52%, Southeast Asia: Indonesia 18%, Philippines 25%, Seychelles
25%, Thailand 9-11%), the least reported incidence (Papua New Guinea 1%) and the most

remarkable reported occurrence (Marshall Islands 85%) were both in Oceania (28).

The prevalence of HUA was in Italy 54.1% (29), Romania 26.3% (30), India 13.43% (31),
New Delhi 46% (32), India 33.8% (33), Jordan 28.1% (34), Saudi Arabia 80% (35), Riyadh
25% (36), Tianjin, 17.25% (37), Guangdong Province 32.6% (17), Africa 27.28%, Inner
Africa, 33.72%, North Africa, 24.72 % (18), Casablanca 26.5% (38), West Cameroon 27.5%
(39), Cameroon 38.1% (40), Jimma 22% (2), Hawassa 33.8% (19), and Gondar 31.5% (24).

2.3 Factors Affecting Hyperuricemia Among Type Two Diabetes Mellitus

Patients

2.3.1 Sociodemographic Characteristics

Studies in China, Taiwan, India, Tianjin, Jordan, Jimma, Hawassa, Gondar, and China showed
that age had a positive statistically significant relation with HUA (2,19,24,34,37,41-44).
Research led in China, Dschang, India, Casablanca, Jordan, and Saudi Arabia displayed that
the female sex had a statistically significant relationship with HUA compared to the male sex
(32,34,36,38,39,43,44). Whereas the study done in Maharashtra, Dhaka, and Jimma showed
that Male sex had a statistically significant relationship with HUA compared to female sex

(2,33,45).

A Center for Disease Control and Prevention study found that DM was more common in low-
income populations in the United States between 2001 and 2018, indicating income-related
disparities in DM. Furthermore, a survey of a rural population in Brazil discovered that marital
status was the only factor independently linked to the incidence of T2DM. Married people were
much less likely to get diabetes than divorced people, even though they had meaningfully
enlarged their mass. It's also important to remember that DM and HUA are complicated
diseases that can impact various variables, such as access to treatment, nutrition, lifestyle, and
heredity. Therefore, among the several factors influencing the incidence of HUA among
patients with T2DM are characteristics such as residency, CBHI enrollment, average monthly

income, occupational status, educational background, and marital status. It's also important to



remember that T2DM individuals' HUA must be reduced by regular health education regarding
lifestyle changes, early detection, and HUA therapy (18,19,46-49).

2.3.2 Clinical & Biochemical Factors
Studies in Bengaluru, Tianjin, Italy, Maharashtra, Sivaganga, Gondor, and Jimma showed that

SUA levels were significantly and positively associated with the duration of diabetes (50,51)
(2,24,29,41,45,52).

The study conducted in Saudi Arabia revealed that among the medications used, including oral
hypoglycemic drugs only, insulin only, or both, HUA was meaningfully related with not using
oral hypoglycemic medications (36). Meanwhile, the study led in Italy displayed that the
proportions of those treated with insulin were significantly advanced in patients with HUA than

those without (29).

Tianjin, Saudi Arabia, Cameroon, and Turkey studies showed that SUA was significantly
positively associated with HbAlc (35,39,51,53). However, the survey conducted at Nantong
University, China, Romania & India showed that SUA levels were contrariwise related with

HbAlc in T2DM affected peoples (30,31,37,44,54).

Concerning China, Andhra Pradesh, Saudi Arabia, Gondar, Maharashtra, Taiwan studies, SUA
was significantly positively associated with fasting blood glucose (FBS) (24,35,42,45,55,56).
However, the study conducted at Nantong University, China, Tianjin First Central Hospital,
showed that SUA heights were inversely associated with FBS in T2DM patients (37,44,51,54).
Yili Xu et al. meta-analysis report showed that in the pooled approximations for the connection,
each 0.1 mmol/l increment in SUA was associated with a 28% upsurge in the hazard of DM
vascular problems and a 9% upsurge in the hazard of DM mortality. Without regard to mean
age, adjustments for metabolic factors, or medication use, the positive connection between
SUA and vascular complications in stratification analysis remained significant. It varied,
however, depending on demographics and sample sizes (notably positive in the relatively high

sample size [>1000] but non-significant in the small sample size [<1000] (20).

The research conducted in Taiwan displayed that enlarged SUA level was meaningfully related
with Diabetic Retinopathy (42). Similarly, the research conducted in Morocco as well as

Cameroon presented that HUA was related with a greater incidence of degenerative
8



complications, including diabetic retinopathy (38) (40). However, the investigation executed
in Saudi Arabia revealed that the most common diabetic complications were nephropathy
(57.3%), neuropathy (49.7%), retinopathy (47.3%), and vasculopathy (19.3%), in which HUA
was meaningfully related with the presence of diabetic nephropathy (36).

According to the research led in Morocco, HTN, renal failure, and ischemic heart disease were
among the factors significantly associated with HUA (38). Similarly, the study led in Italy
demonstrated that HTN and enduring kidney ailment incidence was significantly advanced in
people with HUA than in those not having HUA. At the same time, the study led in Cameroon
showed that HUA was meaningfully related with HTN & history of Stroke (40). Moreover,
patients with HUA also had significantly lower left ventricular ejection fraction, higher left
atrial volume index, and greater incidence of left ventricular hypertrophy than those without
HUA (29). In addition, the study conducted in Sivagangai showed that elevated SUA levels

were significantly observed among those with HTN and coronary artery disease (52).

The study in Bengaluru displayed that SUA heights were significantly and positively associated
with HTN (50). Furthermore, the study in Guangdong Province binary logistic regression
analyses indicated that HTN was a risk factor associated with HUA (17). Correspondingly, in
the study in Jordan, HUA was significantly higher in HTN patients than in normotensive
patients (34). Similarly, In Gondor, the incidence of HUA was higher among study participants
with HTN (24). Likewise, the study led in China revealed that the occurrence of HTN was
gradually enlarged through the SUA quartiles (54).

Moreover, the study conducted in Maharashtra showed that 29 of the 38 patients with HUA
also had HTN, while nine non-hypertensive patients also had the condition. This distinction
was statistically significant (45). However, the research led in Saudi Arabia presented that

HUA was significantly associated with the history of HTN (36).

Studies in Tianjin, Nantong University, India, Saudi Arabia, Gondar, Italy, Maharashtra and
Taiwan demonstrated that SUA levels in T2DM patients were positively associated with

systolic blood pressure (SBP) (24,29,35-37,42,44,45,54,56).

Findings in Tianjin, Nantong University, Saudi Arabia, Jimma, and Maharashtra demonstrated

that SUA levels in T2DM patients were positively associated with DBP (2,35,37,44,45,54).



The study conducted in India, Saudi Arabia, Italy, Tianjin showed that SUA shows a strong

positive association with serum creatinine (SCr) (29,36,37,54,56).

Studies at Nantong University, Tianjin First Central Hospital of China, Gondar, Saudi Arabia
& Guangdong Province demonstrated that SUA levels in T2DM patients were positively
correlated with Total cholesterol (TC) (17,24,36,37,44,51,54).

As per the investigation in Romania, China, Nantong University, Yantai Qishan Hospital,
Tianjin First Central Hospital, Maharashtra, Bengaluru, Saudi Arabi, Gondar, Guangdong
Province, Saudi Arabia, Morocco, Italy, Taiwanese, Tianjin. And Jordan a positive and
substantial connection among SUA with Triglyceride (TG) was observed

(17,24,43,44,50,51,54,55,57,29,30,34-38,42).

Studies in Bengaluru, Maharashtra, Nantong University, Tianjin First Central Hospital, Yantai
Qishan Hospital, Saudi Arabia, Hawassa, Jordan, Guangdong Province, Saudi Arabia,
Morocco, and Taiwan showed that SUA was significantly negatively correlated with High-

density lipoprotein (HDL) (17,19,51,54,57,34-36,38,42,44,45,50).

Studies in Tianjin First Central Hospital, Bengaluru & Gondar showed a significantly positive

relation of HUA with Low-density lipoprotein (LDL) (24,37,50,51).

Studies in Yantai Qishan Hospital, Tianjin First Central Hospital, China, Nantong University,
Maharashtra, Sivagangai, Bengaluru, India Romania, Guangdong Province, Cameroon, Jimma,
Hawassa, and Gondar showed that a positive and substantial relationship among SUA with

BMI was observed (2,17,50-52,54-57,19,24,30,31,37,40,43,44).

The study conducted in Cameroon showed that intake of lipid-lowering drugs, specifically

statin intake, was positively associated with HUA (40).

Based on a Japanese study, people with T2DM may change their HbAlc level through
independent medication adherence. Similarly, a different study showed that the mean HbAlc
dropped by 0.24% for every 10% rise in the medication possession ratio; this shows that
medication adherence and glycemic management are positively correlated in T2DM affected
people. Furthermore, an Indonesian study found that a significant number of patients did not

take their medications as prescribed, which was linked to irregular physical activity. In
10



addition, medication non-adherence may lead to insufficient glycemic control, raising the risk
of complications and mortality from DM. Nevertheless, it's vital to maintain that DM and HUA
are multifaceted ailments that can impact a range of variables, such as heredity, routine, diet,
and access to care. Medication adherence among T2DM patients who also have CO may have
an indirect impact on the development of HUA by influencing variables such as glycemic

indices and DM complications (58—61).

2.3.3 Behavioral & Psychosocial Factors
The study in India, Cameroon, Jimma, and Hawassa demonstrated an independent correlation

of SUA values with alcoholism status (2,19,40,56).

As of the study of Jordan, Hawassa, Indian the study led in revealed that a history of cigarette
smoking was among the determinant variables associated with HUA (19,34,52). While the
study led in Cameroon showed that smoking appeared to decrease the hazard of HUA
independently (40).

Khat is an evergreen plant that fits to the flowering kind. It is terribly abused for its stimulating-
like properties. It has two energetic ingredients: cathine and cathinone. It is a stimulant drug,
indicating that it speeds up the communications within the brain and the body. Some social customs
in the Middle East, such as those in Saudi Arabia and Yemen, and Eastern Africa, such as those in
Somalia and Ethiopia, involve chewing khat (62). Consuming Khat has a substantial link to the
onset of T2DM. When compared to non-chewers, those who consumed Khat had a risk of T2DM
that was > 3 times higher. Khat consumption has been discovered to affect those with T2DM
negatively. Studies in Yemen and the Saudi Arabian region of Jazan displayed that chewing khat
is undoubtedly linked to poor glycemic control, a lower BMI, and increased glycemic parameters
such as HbAlc heights, FBS, and post-prandial blood glucose. But it's crucial to remember that
DM and HUA are complicated ailments that various variables, such as access to healthcare,
genetics, food, and lifestyle, can impact. Consuming Khat may have an indirect impact on the
pervasiveness of HUA among T2DM patients who have CO by influencing variables including

food and lifestyle (63—67).

Depression has been linked to poor glycemic control, a higher risk of complications, higher
medical expenses, and a shorter life span. Similarly, microvascular problems connected to

T2DM, such as neuropathy and retinopathy, are inversely correlated with anxiety. Likewise,
11



high blood sugar and insulin resistance can result from psychological and physical stress. In
individuals with T2DM, stress levels have been demonstrated to impact both postprandial and
FBS levels. Furthermore, It has been demonstrated that anxiety and stress can raise blood sugar
levels, which may result in long-term issues for people with diabetes. However, it's essential to
remember that HUA and DM constitute complicated conditions that various factors, including
lifestyle, diet, genetics, and access to treatment, can influence. By affecting factors like DM
complications and lifestyle, stress, anxiety, and depression may indirectly affect the

development of HUA among T2DM patients who also have CO (68-70).

In general, in this literature review, the majority of studies addressed SUA as well as HUA.
some studies showed variation, contradicting, and inconsistent ideas in their results, especially
regarding the factors affecting HUA. The study population is mostly only T2DM patients that
don’t specifically focus on those who have CO. Moreover, the studies had a variety of sample
sizes, and they had a difference in inclusion criteria, mainly in the age category; the data
collection method varied. Also, differences in sampling techniques and study designs were
observed. Therefore, in this study, the investigation done was the magnitude of HUA
concerning the factors affecting it among T2DM patients with CO and tested variables that had
conflicting and inconsistent ideas from previous studies and newly added factors in contrast to

most the studies and tried to mitigate the limitation of other studies done.
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2.4 Conceptual Framework

After reviewing various HUA & associated factors studies, the conceptual framework was

developed below to show the influence of predictor Variables on HUA among T2DM patients

with CO.
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Figure 2: Conceptual framework on Hyperuricemia and associated factors among T2DM

patients with central obesity adapted and modified from different works of literature

(1,16-20,30-32,34-41,43-45,50,52,53,55,56).
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3. OBJECTIVE

3.1 General Objective

To assess the Magnitude of Hyperuricemia and associated factors among adult type 2
diabetes mellitus patients with central obesity on-diabetic follow-up clinic at WCSH,

Woldia, Ethiopia, 2023.

3.2 Specific Objectives

To determine the Magnitude of Hyperuricemia among adult T2DM patients with CO
on-diabetic follow-up at WCSH, Woldia, Ethiopia, 2023.

To identify the socio-demographic factors associated with Hyperuricemia among adult

T2DM with CO on-diabetic follow-up at WCSH, Woldia, Ethiopia, 2023.

To distinguish the clinical variables associated with Hyperuricemia among adult T2DM

with CO on-diabetic follow-up at WCSH, Woldia, Ethiopia, 2023.

To identify the biochemical factors associated with Hyperuricemia among adult T2DM

with CO on-diabetic follow-up at WCSH, Woldia, Ethiopia, 2023.

To recognize the behavioral variables associated with Hyperuricemia among adult

T2DM with CO on-diabetic follow-up at WCSH, Woldia, Ethiopia, 2023.

To extricate the psychosocial variables associated with Hyperuricemia among adult

T2DM with CO on-diabetic follow-up at WCSH, Woldia, Ethiopia, 2023.
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4. MATERIAL AND METHODS

4.1 Study Area
The study was conducted in Woldia Comprehensive Specialized Hospital (WCSH), Woldia,
North-Eastern Ethiopia. Woldia city administration is the North Wollo Zone & District’s
capital city in northern Ethiopia, located north of Dessie & southeast of Lalibela in the Amhara
Region. It is 351 kilometers from Bahir Dar, the Amhara regional state’s capital city, and 521
kilometers from Addis Ababa, Ethiopia’s capital city. The town elevates 2112 meters above
sea level and its notable landmark is the Woldia St. Gabriel orthodox tewahedo church. The
Geographic Coordinate of the city is 11°49'50"North 39°36'0"East (71). Rase Wole Bitul was
the early name of WCSH that was established in 1961 and it serves a total of 1.5 million people.
It has 406 healthcare and administrative workers, of which 8 are anesthetics professionals, 3
Biomedical Engineers, 34 General practitioners, 14 clinical specialists, 24 Laboratory
professionals, 36 Midwives, 145 Nurses, 22 Pharmacists, and four radiologists. The hospital
offers a comprehensive range of medical, surgical, obstetric, prenatal, chronic illness
management, pediatric, orthopedic, HIV/AIDS treatment, and follow-up treatments, among
other healthcare services. The hospital generally works hard to give each patient
compassionate, thorough treatment and is dedicated to promoting their health and well-being
(72).
4.2 Study Design & Period
The institutional-based cross-sectional study was conducted in the chronic outpatient
department of WCSH from May 8 to July 7, 2023.
4.3 Source Population
All adult T2DM patients with CO who had diabetic follow-ups at WCSH.
4.4 Study Population
All adult-T2DM patients with CO who follow their diabetic treatment & have fulfilled the
eligibility criteria.
4.5 Study Unit

e Selected Adult T2DM patients with CO.
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4.6 Inclusion & Exclusion Criteria

e Inclusion Criteria: T2DM patients with CO aged > 18 years and on-diabetic follow-
up for at least six months before this study.
e Exclusion Criteria:
= Patients who were unable to communicate due to serious medical illnesses.
= Patients who are taking anti-hyperuricemia drugs.

= Patients who are pregnant.

4.7 Study Variable
4.7.1 Dependent Variable

Hyperuricemia

4.7.2 Independent Variable

Socio-demographic Factors: age, average monthly income, occupational status, educational
status, gender, marital status, enrollment of CBHI (community-based health insurance), and
residency.

Behavioral & Psychosocial Factors: alcohol consumption, khat consumption, cigarette
consumption, depression, anxiety, stress.

Clinical Factors: chronic complications of DM, type of chronic complications, duration of
DM, treatment regimens, HbA1C, FBS, co-morbidity, type of co-morbidity, SBP, DBP, SCer,
TC, TG, HDL, LDL, BMI, lipid-lowering drugs, medication adherence.

4.8 Operational Definitions

Hyperuricemia was defined as respondents having SUA levels of more than 7.2 mg/dl (420
pumol/ L) in males and more than 6.0 mg/dl (360 pmol/L) in females (17,19,36).

Central Obesity was defined as a waist circumference > 90 cm in men and > 85 cm in women
(17).

Co-morbidity is an illness or disorder that coexists with diabetes but is mainly unrelated (73).
Body Mass Index was used to categorize the participants as defined by the World Health
Organization (WHO) guidelines into Four groups: BMI <18.5, 18.5 -24.9, 25 -29.9, and > 30
kg/m2 will be considered as underweight, normal, overweight and obesity, respectively

(24,74).
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Medication Adherence: The total scores of all the items range from 0 to 8, and it was grouped
into two levels: adherent (score of 6 to 8) and non-adherent (score < 6) based on the Morisky
Medication Adherence Scale-8 (MMAS-8) (75,76).

Alcohol Consumption: It is defined as the proportion of individuals who have ever used
alcoholic drinks such as tela, tej, katicala/areke, beer, wine, or other beverages that can cause
intoxication at least once in their lifetime or respondents who drank alcohol during one month
preceding the study at least once per month taken as alcohol drinker (77,78).

Khat Consumption: respondent who chewed the leaves of the khat plant during his lifetime
in any amount taken as khat chewer (77,78).

Cigarette Consumption: Respondents who practiced smoking cigarettes during the past year,
regardless of the amount, while those who had never smoked in their lifetime or who had been
smokers before the last year were taken as non-smokers (77,78).

Depression: Based on their score on the Depression Anxiety Stress Scale 21 (DASS-21)
questionnaire, the Participant was classified as [No] Depression: 0 — 9, [ Yes] Depression: > 10
(79,80).

Anxiety: Based on their score in the DASS-21 questionnaire, the Participant was classified as
[No] Anxiety: 0 — 7, [Yes] Anxiety: > 8 (79,80).

Stress: Based on their score in the DASS-21 questionnaire, the Participant was classified as
[No] Stress: 0 — 14, [Yes] Stress: > 15 (79,80).

Monthly Income: The individual’s monthly income compared to the International Poverty
Line - is US$1.90 with the current Ethiopian exchange rate of 104.9325 Ethiopian Birr &
multiplied by 30, which equals 3147.975 Ethiopian Birr, based on this, “Above Poverty Line”
an individual’s income greater than or equal to the International Poverty Line or “Below
Poverty Line”: an individual’s income less than the International Poverty Line (81).

4.9 Sample Size Determination

The study sample size was initially calculated using Cochran’s sample size formula by
assuming a prevalence of HUA, 32.6%, taken from the study conducted in Guangdong
Province, China (17). The sample size is calculated using the following 95% CI (Confidence
Interval) formula.

z%p.q _z%p.q _ (1.96)2(0.326)(0.674) _ 08440917184

L™ ez ™ (0.05)2 oo0zs - 338

l ez
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However, there is a significant, well-known difference in sociodemographic and other related
characteristics between the population of China and Ethiopia. Thus, using a sample size
calculated based on such conditions is not recommended. Therefore, this sample size was not
used for this study.

Secondly, the study sample size was calculated using Cochran’s sample size formula by
assuming a prevalence of HUA, 31.5%, from the study conducted in Gondar, Ethiopia (24).

The sample size is calculated using the following formula with 95% CI.

z%p.q __z%p.q _ (1.96)%(0.315)(0.685) _ 0.82892124

=" = (0.05)2 o00z5 - 332

In the Gondar study, the prevalence of HUA was determined among adult T2DM patients
regardless having CO or not. Even though the sociodemographic characteristics of the
population are similar, the study population is distinct from the current study.

Third, considering the present study design, planned statistical analysis, and study subject
selection procedure the study sample size was calculated using the second objective and after
that via a priori power analysis (below Table 1) and (below Table 2) respectively.

Table 1: Second objectives sample size calculation using Epi-Info version 7.2.5.0

Variables | CI AOR Power | % Outcome in the | % Outcome in the | Sample | Refer
unexposed group | exposed group size ence

Age 1.1-3.2 3.00639 | 80 9.6 24.2 232 (19)

Metabolic | 1.5-4.6 6.00231 | 80 6 27.7 110 (19)

Syndrome

HTN 7.9-24.6 13.26605 | 80 14.6 69.4 30 (24)

SBP 2.1-93 4.26758 | 80 24.6 58.2 78 (24)
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Table 2: A priori power analysis for sample size using G*Power version 3.1.9.7

Variables | Tail AOR Pr(Y=1 |x=1) HO o Power | R? | X parmn | Sample | Reference
size
Age 2 3.00639 0.5 0.05 80 0.5 0.5 238 (19)
Metabolic | 2 6.00231 0.5 0.05 80 0.5 0.5 112 (19)
Syndrome
HTN 2 | 13.26605 0.5 0.05 80 0.5 0.5 79 (24)
SBP 2 4.26758 0.5 0.05 80 0.5 0.5 151 (24)

Generally, all sample size calculation done above wasn’t used for this study due to the
difference in sociodemographic and other related characteristics of the population, the
difference in the study population, and the sample size calculated using second objectives
sample size calculation as well as a priori power analysis was inadequate for binary logistic
regression analysis, which generally affect the outcome of the current study in an annulling
way. Therefore, this study sample size was finally calculated using Cochran’s sample size
formula by assuming the prevalence of HUA at 50 %. Besides, to the best of the author's
knowledge, there is no study conducted in Ethiopia with a similar study population.
Furthermore, to amplify the precision, quality, and generalizability of the research as well as
to mitigate bias, the sample size was calculated using Cochran’s sample size formula with 95%

CI assuming the prevalence of HUA at 50 %.

z%p.q — z%p.q _ (1.96)2(0.5)(0.5) _ 09604 _
t e? (0.05)2 0.0025

384

Where: Z = the standard normal variables at (1-0) % confidence

Nj = initial sample size level and 0%

n = final Sample size i.e., witha 05% CI=1.95,p=0.5

e = desired level of precision

P = estimated proportion

q=1-p
p=50%=0.5

=1-05=0.5

The study sample size was calculated by assuming

prevalence of HUA 50% since there is no adequate research

done in Ethiopia and to increase and ensure the precision

and quality of the research. Adding 10% for contingency

the desired sample size becomes 423 (n = 423).



4.10 Sampling Technique
The required sample was selected by using a Convenience sampling via the consecutive case

principle until the required sample size was fulfilled.

4.11 Data Collection Tool

4.11.1 Data Collection Tools & Procedures

4.11.1.1 Sample Collection and Processing Procedures

After the required materials had been organized, informed consent was obtained from the study
participants. After using 70% alcohol to clean the medial cubital vein, a tourniquet was used.
Next, 5 mL of each participant's overnight fasting blood was drawn by two trained Laboratory
technicians using an aseptic/sterile technique. Once the necessary volume of blood had been
drawn, the tourniquet was removed. The venous puncture site was covered with dry gauze, the
needle was carefully removed, and the patient was instructed to keep exerting light pressure.
Supplies that were contaminated were appropriately disposed of, and the patient's ID number
and date were written on the tubes. Hand washing was done and gloves were taken off and
thrown into the rubbish pit marked with an infectious disease. For half an hour, the drawn
sample was left alone. The obtained blood sample was then centrifuged at 3000 rpm for 10
minutes in a thermostable condition using a Rotanta 960 centrifuge to extract the serum. After
that, serum was extracted and kept in the WCSH Biochemistry Laboratory at -20 °C until the
biochemical analysis was completed (82).

Laboratory Test Principles

Using an automated chemical analyzer, the ABX Pentra 400, established principles and
techniques were used to determine the SUA content. The uricase enzyme oxidizes uric acid to
produce hydrogen peroxide and allantoin. Released hydrogen peroxide combines with an
aniline derivative and 4-amino antipyrine in the presence of peroxidase to generate a colorful
chromogenic compound. The amount of uric acid present in the sample was determined by
measuring the colored dye's absorbance at 520 nm. Generally, uric acid levels were measured
by performing three replicates per sample according to the uricase-peroxidase method, also
known as the uricase method, which is currently recognized as the gold standard for SUA level
determination (82). The precision of this method is excellent, with within-set coefficients of

variation of 0.08-0.18% and between-set coefficients of variation of 0.02-0.07% for
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chromatography/mass spectrometry analyses (83). The accuracy of the measurement can be
evaluated by comparing the results with established reference methods (83). The Instrument
was correctly calibrated as per the institution standard by initially preparing a set of standard
solutions with known concentrations of SUA. These solutions should span the expected range
of analyte concentrations for the analyzed samples, which is 3.4 to 7.2 mg/dL (milligrams per
deciliter) for men and 2.4 to 6.0 mg/dL for women. Then, the standard solutions onto the ABX
Pentra 400 analyzer were loaded and run randomly. The instrument generates a calibration
curve by plotting the instrument response (i.e., absorbance) against the known concentrations
of the standards. After that, the linearity, accuracy, and precision calibration curves were
checked. The curve should be linear over the range of concentrations tested, and the accuracy
and precision should be within acceptable limits. If the calibration curve is insufficient,
troubleshooting the problem by checking the reagents, cleaning the instrument, or recalibrating
as needed is done until the calibration curve is acceptable.

In addition, control samples with known concentrations of SUA are run regularly to monitor
the accuracy and precision of the ABX Pentra 400 analyzer over time; this was initially done
by preparing control solutions with known concentrations of SUA at low, medium, and high
concentrations. Then, run the control solutions along with the samples regularly. The frequency
of control testing was run weekly. Next, the control results were analyzed using statistical
methods to calculate accuracy and precision. The accuracy was within +2 standard deviations
(SD) of the mean, and the precision was within +1 SD of the mean, which is an acceptable
range. Finally, when the control outcomes are outside of the excellent range, troubleshooting
the problem by checking the reagents, cleaning the instrument, or recalibrating as needed is
done until the control outcomes are within the acceptable range.

Lastly, quality checks, including verifying that the analyzer meets specific performance criteria
and that reagents and consumables are within expiration dates, were done by initially checking
the instrument's performance using manufacturer-recommended quality control materials or
external proficiency testing programs. Then, verifying that the reagents and consumables are
within expiration dates and stored according to the manufacturer's instructions was done. After
that, the instrument's cleaning and maintenance logs were checked to ensure it was properly
maintained and serviced regularly. Finally, routine checks of the instrument's performance,

such as checking the linearity of the calibration curve, verifying the instrument's accuracy and
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precision using control samples, and monitoring the instrument's performance over time, were
done.

Anthropometry and Blood Pressure Measurements

Stretch-resistant tape was used to measure each study subject's waist circumference after they
gave their informed consent and stood with their feet close together, arms at their sides, and
body weight evenly distributed. The subjects were instructed to wear light clothing and to stand
at the midpoint between the top of the iliac crest and the lower margin of the least palpable rib.
When there was a 1 cm discrepancy between the two measurements, the average was
calculated. The measurement was taken twice. When there was a difference of more than one
centimeter between the two measures, additional measurements were made (84). We measured
height and weight in accordance with the WHO guidelines (73). With the use of portable
weighing scales, body weight was determined with an accuracy of 0.1 kg. The subjects were
dressed simply for indoors, wore no shoes, and had their body height measured by a
stadiometer. Weight in kilograms divided by height in meters squared was used to determine
BMI [BMI = weight/(height)2 kg/m2]. BMIs of less than 18.5, 18.5-25, 25-30, and more than
30 kg/m2 were categorized as underweight, normal, overweight, and obese, in that order. After
the patients had rested for more than 10 minutes and 30 minutes after consuming any hot
beverage, such as coffee, SBP and DBP were measured twice, 20 minutes apart, from the left
arm at the level of the heart while the subjects were seated. The instruments were an OMRoN
M2 oscillometric automated sphygmomanometer. For research participants whose SBP was
greater than 140 mmHg (85).

Socio-demographic data and some clinical, biochemical, behavioral, and psychosocial factors
questionnaires were adapted, adopted or developed from the literature review, and conceptual
framework. Moreover, it was collected with an interview and respondent's medical record
review.

Medication adherence: was measured using the Morisky Medication Adherence Scale-8
(MMAS-8), a validated assessment tool with internal reliability of Cronbach alpha 0.47. It has
been supported and validated by multiple studies conducted worldwide, with more than 110
versions and more than 80 translations; based on this tool, the total scores of all the items range
from 0 to 8, and Items 1 through 7 had response choices of "yes" or "no" whereas item 8 had

S-point Likert scales. Each "no" response was rated as "1," and each "yes" was rated as "0,"
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except for item 5 (reversed score), in which the response "yes" was ordered as "1" and "no"
was rated as "0". The 5-point Likert scale of item 8, concerned with remembering to take their
insulin therapy, was never/rarely = 0, once in a while = 1, sometimes = 2, usually = 3, and all
the time = 4. In this scale, if patients choose response "0", the score is "1," and if they select
response "1,2,3 or 4", the score is "0". Higher scores indicate higher adherence levels. Finally,
by summing all scores for each item, it was grouped into two levels: adherent (score of 6 to 8)
and non-adherent (score < 6) based on the Morisky Medication Adherence Scale-8 (MMAS-8)
(74,75).

Depression, Anxiety, & Stress were measured using the DASS-21 short form developed by
Lovibond. A psychological screening tool called DASS-21 can distinguish between stress,
anxiety, and depression symptoms. With 21 items spread throughout three categories, it is a
validated and trustworthy tool. The DASS-21 was shown to be very reliable, with excellent
Cronbach's alpha values of 0.81, 0.89, and 0.78 for the depression, anxiety, and stress
subscales, respectively, and an overall score of o = 0.91 for the three domains combined. Each
section has seven items that measure stress, anxiety, and depression symptoms. In each domain,
participants were asked to rate their symptoms throughout the previous week, with 0
representing "did not apply" and 3 representing "applied most of the time." Every dimension's
scores were added up. The final score was then divided by two and classed in accordance with
the DASS handbook. However, the DASS-21 scores with normal levels of stress, anxiety, and
depression were categorized as "0" [No] in order to assess the incidence of these conditions.
On the other hand, people who had levels that were light, moderate, severe, or extremely severe
were recorded as "1" [Yes] (78,79,86).

From Woldia Health Center, three BSc nurses and two laboratory technicians with a minimum
of two years of clinical work experience were allocated. Two of the nurses were assigned to be
data collectors, and one was given the role of supervisor. In addition to reviewing the patient's
medical file and conducting in-person interviews, the data collectors also performed laboratory
testing, anthropometry, and blood pressure checks. Finally, from May 8 to July 7, 2023, data
collection activities were carried out.

4.11.2 Data quality control

For the study, standardized instruments were employed. The surveys were translated from the

English version into the Amharic version of the local language, and then back to English to
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ensure uniformity and reduce information bias. For two days, supervisors and data collectors
received instruction on how to gather the necessary data from research participants. A week
prior to the data collection period at Dessie Comprehensive Specialized Hospital, 10% of the
population underwent a pre-test. By calculating Cronbach's alpha during the pretest, the Likert
scale tools' internal consistency was evaluated. Following the pretest, some adjustments were
performed, including typing errors being fixed, data collectors being reoriented, and
questionnaires being rearranged. Following the test and modification, data collectors began
gathering data. They took great care to prevent data redundancy by collecting the medical
record numbers of data collection study participants to distinguish them from non-data
collection study participants. Next, the supervisor reviewed the questionnaires with the data
collectors at the conclusion of each day of data collection and ensured they were complete. The
supervisor gave data collectors feedback daily until the data gathering was completed. Lastly,
for any error or ambiguity and incompleteness of the data, the principal investigator took
corrective measures.

4.11.3 Procedure for data processing & data analysis

After the data were collected, it was entered into Epi Data version 4.6.0.6 and then, exported
into SPSS version-26 software for data cleaning, coding, editing, and analysis. Descriptive
analysis was carried out for each of the independent variables and results were presented in the
mean, standard deviation (SD), median, interquartile range (IQR), tables, frequencies, and
percentages. The normality of the continuous data was checked by the Kolmogorov-Smirnov
test (Weight: P=0.072, Age, Income, SUA, DM duration, HbA1C, FBS, SBP, DBP, SCr, TC,
TG, LDL, HDL, Height, BMI: P < 0.001). The Cronbach’s alpha test was used to check the
internal consistency of the Likert scale variables. During the pretest, the DASS-21 scale
reliability coefficient (Depression: a = 0.740, Anxiety: a = 0.264, Stress: a = 0.690) and the
MMAS-8 scale reliability coefficient (Medication adherence: o = 0.675) and also for the main
study the DASS-21 scale reliability coefficient (Depression: o = 0.669, Anxiety: a = 0.177,
Stress: a = 0.777) and the MMAS-8 scale reliability coefficient (Medication adherence: o =
0.673) as non-outcome variables which was acceptable for these population.

I used bivariable binary logistic regression analysis to identify the variables that were related
to the HUA. The multivariable binary logistic regression model included all variables that had

a p-value of less than 0.25 in the bivariable binary logistic regression analysis. Hosmer and
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Lemeshow's goodness-of-fit test was used to check the model fitness (p = 0.178). All binary
logistic regression assumptions were checked and fulfilled, and multicollinearity was studied
using standard error and variance inflation factor. The adjusted odds ratio (AOR) with a 95%
confidence interval (CI) was calculated to characterize the degree of the relationship between
independent factors and HUA. Variables having a p-value < 0.05 were considered statistically
significant.

4.12 Ethical consideration

Ahead of data collection, The ethical approval came from the ethical review committee of
Addis Ababa University, College of Health Sciences, Department of Medical Physiology. After
ethical approval was received, a letter of administrative authorization was obtained from
WCSH’s chief executive officer. During the data collection, before the study subjects given
consent an information sheet was read and study participants were briefed on the study
objectives, its purpose, and the right to withdraw at any point. Verbal and then written informed
consent were acquired from every research participant through the sign-on questionnaire paper
& their participation was completely voluntary. The confidentiality & privacy of participants
was secured by omitting any personal identifier. Most of all, the data was collected
anonymously. Generally, this study was conducted per the Declaration of Helsinki in 1964.
4.13 Dissemination of the result

The final report will be disseminated to the Department of Medical Physiology, Addis Ababa
University; the study findings will also be issued to the regional health bureau, WCSH & non-
governmental health organizations. Lastly, it will be made to publish the results in a reputable

scientific journal.
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5. RESULT

5.1 Socio-demographic Characteristics of the study participants

Four hundred and nineteen subjects were included in the study and the overall response rate
was 99%. The age of the respondents ranges from 22 - 62 years with a median (IQR) of 41 (34
- 50) years. The majority of the respondents were female 244 (58.2%), literate 231 (55.1%) and
urban dwellers 261 (62.3%). Most of the respondents were married 281 (67.1%) and had CBHI
276 (65.4%). The median (IQR) of average monthly income was 2793 (1723 - 10556)
Ethiopian Birr. (see Table 3 below).

Table 3: Socio-demographic characteristics of type two diabetes mellitus follow-up
participants with central obesity attending WCSH, Woldia, Northeast Ethiopia, from
May 8 to July 7, 2023 (n=419).

Variable Category Frequency (n)  Percentage (%)
Age in Years ? >45 154 36.8
<45 265 63.2
Gender Male 175 41.8
Female 244 58.2
Residency Rural 158 37.7
Urban 261 62.3
Educational Status literate 188 44.9
Literate 231 55.1
Marital Status Un-married 138 329
Married 281 67.1
Occupational Status Un-employed 158 37.7
Employed 261 62.3
Average Monthly Income Below Poverty Line 228 54.4
Above Poverty Line 191 45.6
CBHI enrolment Yes 276 65.9
No 143 34.1

a. Age category was adopted from a research article ( a study done in Hawassa) (19).

Abbreviation: CBHI, Community-Based Health Insurance

26



5.2 Clinical & Biochemical Characteristics

The duration of DM of the study sample ranged between 2 and 21 years, with a median (IQR)
of 14 (10 - 17) years; regarding treatment regimens, less than half of 20 (4.8%) study
participants have used Insulin & Oral anti-diabetic medication, and among the chronic
complication of DM, the leading one was diabetic-related hypertension 55 (13.1%). The
HbAlc of the study sample was with a median (IQR) of 6.6 (5.9 — 9.8) %. Of the total
participants, 93 (22.2%) had developed co-morbidity diseases. Among these co-morbidity
diseases, the leading one, 52 (12.4%), was HTN. The median (IQR) of FBS, SCr, TC, TG,
LDL, and HDL were 119 (99 - 141), 0.94 (0.71 — 1.17), 208 (181 - 226), 153 (133 - 177), 100 (76
-108), and 41 (35 - 59) mg/dl respectively. In comparison, the SBP and DBP of the study sample
with the median (IQR) were 127 (119 -133) and 74 (70 - 79) mmHg, respectively. In unison,
regarding the medication adherence of the study participants, 228 (54.4) of study subjects were
non-adherent to medication. The BMI of the study sample ranged between 19.13 and 34.36
Kg/m?, with a median (IQR) of 27.36 (25.21 — 29.21) Kg/m?. Whereas the mean (SD) weight
of the respondents was 71.51 (£ 11.93) Kg, and the study participant's height in median (IQR)
was 162 (156 - 169) cm. (see Table 4 below).

Table 4: Clinical & Biochemical characteristics of type 2 diabetes mellitus follow-up participants
with central obesity attending WCSH, Woldia, Northeast Ethiopia, from May 8 to July 7, 2023
(n=419).

Variable Category Frequency (n) Percentage (%)
Treatment Regimens Oral anti-diabetic 112 26.7
Medication only
Insulin Only 284 67.8
Insulin & Oral anti-diabetic 20 4.8
medication
Only following the dietary 3 0.7
plan as recommended
Chronic Complication of Diabetes ~ Yes 82 19.6
Mellitus No 337 80.4
Type of Complications Diabetic Nephropathy 5 1.2
Diabetic Retinopathy 11 2.6
Diabetic Neuropathy 11 2.6

Diabetic Foot Ulcer - -
Diabetic Heart Disease - -
Diabetic Hypertension 55 13.1
Other - -
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Duration of Diabetes Mellitus in >10 334 79.7

Years ® <10 85 20.3
Hemoglobin A1C (%) © =7 161 38.4
<7 258 61.6
Fasting Blood Sugar (mg/dl) ¢ > 180 71 16.9
<180 348 83.1
Co-morbidity Yes 93 22.2
No 326 77.8
Type of Comorbidity Heart-related Disease 19 4.5
Kidney Disease 24 5.7
Hypertension 52 12.4
Other - -
Systolic Blood Pressure (mmHg) ¢ > 130 167 39.9
<130 252 60.1
Diastolic Blood Pressure (mmHg) ¢ > 80 98 234
<80 321 76.6
Serum Creatinine (mg/dl) ¢ >1.2 88 21
<12 331 79
Total Cholesterol (mg/dl) ¢ >200 273 65.2
<200 146 34.8
Triglyceride (mg/dl) 4 > 150 224 53.5
<150 195 46.5
Low-density lipoprotein (mg/dl) ¢ > 100 215 51.3
<100 204 48.7
High-density lipoprotein (mg/dl) ¢ <40 208 49.6
> 40 211 50.4
Lipid-lowering drugs No Medication 292 69.7
Statin Only 127 30.3
Fibrate Only - -
Statin + Fibrate - -
Other - -
Medication Adherence Non-adherent 130 31
Adherent 289 69
Body Mass Index Under Weight - -
Normal Weight 93 22.2
Over Weight 249 59.4
Obesity 77 18.4

b. Duration of diabetes mellitus category adopted from research article (study done in Jimma) (2).

¢. Hemoglobin A1C, serum creatinine, systolic and diastolic blood pressure categories adopted from
research article (study done in Debre Berhan) (23).

d. Fasting blood sugar, total cholesterol, triglyceride, low density, and high lipoprotein categories were
adopted from research articles (study done in Jimma) (22).
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5.3 Behavioral & Psychosocial Characteristics
Of a total of participants, 271 (64.7%) had Depression, and 227 (54.2%) had Anxiety. At the

same time, respondents during the past 30 days of the data collection period used Alcohol and
Khat with a median (IQR) of 5 (3 - 9), and 2 (1 - 6) days, respectively. Likewise, among
participants who smoked cigarettes on average a day, they consumed with the median (IQR) 5

(2 - 8) number of cigarettes. (see Table 5 below).

Table 5: Behavioral & Psychosocial characteristics of type 2 diabetes mellitus follow-up
participants with central obesity attending WCSH, Woldia, Northeast Ethiopia, from
May 8 to July 7, 2023 (n=419).

Variable Category Frequency (n) Percentage (%)
Alcohol drinking status ~ Drinker 330 78.8
Non-drinker 89 21.2

How often a respondent ~ Almost Every Day - -

drink alcohol during the At Least Once A Week 192 46.1
last 13 months Less Than Once A Week 138 329
None in The Last 13 Months - -
Khat chewing status Chewer 42 10
Non-chewer 377 90
Smoking status Smoker 34 8.1
Non-smoker 385 91.9
Depression Yes 271 64.7
No 148 353
Anxiety Yes 227 54.2
No 192 45.8
Stress Yes 118 28.2
No 301 71.8
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5.4 Magnitude of Hyperuricemia

The Serum Uric Acid of the study sample ranged between 2.7 and 8.6 mg/dl, with the mean
(SD) of 5.696 (+ 1.674) mg/dl. The overall magnitude of Hyperuricemia in the study subject
was 37.2 % (95% CI 32.9 — 42.2) (see Figure 2 below).

Hyperuricemia

EYes
= No

Figure 3: Magnitude of Hyperuricemia among type 2 diabetes mellitus follow-up
participants with central obesity attending WCSH, Woldia, Northeast Ethiopia, from
May 8 to July 7, 2023 (n=419).

5.5 Factors Associated with Hyperuricemia

The variables that are entered into simple univariable analysis using binary logistic regression
model and passed to multivariable analysis using binary logistic regression model with a p-
value < 0.25 were Age, Gender, Duration of DM, SCr, FBS, HbA1C, TC, LDL, SBP, DBP,
Alcohol Consumption, Medication Adherence, and Stress. Then, multivariable analysis using
binary logistic regression model was done using the ENTER selection method and declared
that Age, Gender, Duration of DM, SCr, DBP, TC, and Alcohol Consumption are significantly
associated with HUA.
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Respondents with age > 45 years are 1.670 times more likely to have HUA than respondents
with age < 45 years (AOR = 1.670, 95% CI = 1.020 — 2.732). Male respondents were 1.754
times more likely to have HUA than female respondents (AOR = 1.754, 95% CI = 1.075 —
2.861). Respondents with a duration of DM > 10 years are 2.310 times more likely to have HUA
than respondents with a duration of DM < 10 years (AOR = 2.310, 95% CI = 1.074 — 4.972).
Respondents with DBP > 80 mmHg are 3.437 times more likely to have HUA than respondents
with DBP <80 mmHg (AOR =3.437, 95% CI = 1.748 — 6.758). Respondents with SCr > 1.2 mg/dl
are 2.347 times more likely to have HUA than respondents with SCr < 1.2 mg/dl (AOR = 2.347,
95% CI = 1.154 — 4.771). Respondents with TC > 200 mg/dl are 2.362 times more likely to have
HUA than respondents with TC < 200 mg/dl (AOR = 2.362, 95% CI = 1.300 — 4.292).
Respondents who consumed alcohol are 3.320 times more likely to have HUA than respondents

who don’t consume alcohol (AOR = 3.320, 95% CI = 1.557 — 7.081) (See Table 6 below).

Table 6: Multivariable binary logistic regression on factors associated with
Hyperuricemia among type two diabetes mellitus follow-up participants with central
obesity attending WCSH, Woldia, Northeast Ethiopia, from May 8 to July 7, 2023
(n=419).

Variable Hyperuricemia P-Value
COR AOR
Yes () No(n) (95% CI) (95% CI)
Age
> 45 years 64 90 1.337 (0.889 -2.011)  1.670 (1.020 —2.732) 0.041*
<45 years 92 173 1 1
Sex
Male 83 92 2.113 (1.411-3.165)  1.754 (1.075-2.861) 0.025*
Female 73 171 1 1
Duration of DM
> 10 years 130 204 1.446 (0.867 —2.411)  2.310(1.074-4.972) 0.032*
<10 years 26 59 1 1
Hemoglobin A1C
>7% 66 95 1.297 (0.855-1.945)  1.201 (0.635-2.272) 0.573
<7% 90 168 1 1
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Fasting Blood Sugar
> 180 mg/dl
<180 mg/dl

Systolic Blood Pressure

> 130 mmHg
<130 mmHg

Diastolic Blood Pressure

>80 mmHg
< 80 mmHg
Serum Creatinine
> 1.2 mg/dl
< 1.2 mg/dl
Total Cholesterol
>200 mg/dl
<200 mg/dl

Low-Density Lipoprotein

> 100 mg/dl
< 100 mg/dl
Alcohol Consumption
Yes
No
Medication Adherence
Non-Adherent
Adherent
Stress
Yes
No

120

51
105

71
85

140
16

43
113

35
121

35
228

116
147

27
236

26
237

157
106

129
134

190
73

87
176

&3
180

1.954 (1.168 —3.271)
1

0.616 (0.407 — 0.931)
1

7.301 (4.394 - 12.132)
1

6.012 (3.587 - 10.078)
1

1.958 (1.266 — 3.027)
1

1.276 (0.858 — 1.899)
1

3.362 (1.876 — 6.025)
1

0.770 (0.498 — 1.189)
1

0.627 (0.397 - 0.991)
1

1.770 (0.874 — 3.582)
1

0.512 (0.238 — 1.102)
1

3.437 (1.748 — 6.758)
1

2.347 (1.154 - 4.771)
1

2.362 (1.300 — 4.292)
1

0.731 (0.353 — 1.511)
1

3.320 (1.557 — 7.081)
1

0.608 (0.358 — 1.033)
1

0.940 (0.538 — 1.640)
1

0.113

0.087

0.000**

0.018*

0.005*

0.397

0.002*

0.066

0.826

Notes: *Statistically significant (p<0.05); **statistically highly significant (p<0.01).

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; COR, crude odds ratio; DM,

Diabetes Mellitus
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6. DISCUSSION

The study aimed to determine the magnitude of hyperuricemia and associated factors among
adult type-two diabetes mellitus patients with central obesity in Woldia Comprehensive
Specialized Hospital, northeast Ethiopia, 2023. Even though there is little quantity of prior
studies on a similar study population other than the Chinese study (17), the comparison of the

present study was done with respect to other studies done on a wider study population.

According to this study's findings, 37.2 % (95% CI 32.9 —42.2) of the respondents with T2DM
and CO attending WCSH, Ethiopia, have HUA (see Figure 3 above). The current study finding
is in line with the study conducted in Dhaka (33.8%) (33), Cameroon (38.1%) (40) and
Hawassa, Ethiopia (33.8%) (19). This may be due to similarities in study design, sampling
technique (40), resemblances in healthcare provision and system, and likeness in
sociodemographic and hereditary attributes (19). However, the magnitude in the current study
is higher than the study done in several countries like in Europe, Italy (24.1%) (29), Romania
(26.3%) (30), in Asia, Tianjin, China (17.25%) (37), Guangdong Province, China (32.6%) (17),
Uttar Pradesh (13.43%) (31), in the Middle East, Jordan (28.1%) (34), Saudi Arabia (25%)
(36), in Africa, Casablanca (26.5%) (38), West Cameroon (27.5%) (39), in Ethiopia, Jimma
(22%) (2), Gondar (31.5%) (24). This difference in magnitude might be because of the
distinction in study population since other than the study led in Guangdong Province, China
which has nearly comparable magnitude of HUA (32.6%) and similar study population of adult
T2DM patients with CO with the current study but other studies had different study population;
only adult T2DM patients regardless having CO or not (2,24,29-31,34,36-39), which might
contribute to the difference in magnitude of HUA. Moreover, difference in sociodemographic
characteristics and population profiles, such as dietary habits, geographical/environmental
factors, genetic factors as well as variance in healthcare support and setup (29,30,37),
difference in studies sample size like some studies had 191 (38), 245 (29), and other had 133
study subjects (30), inclusion & exclusion criteria difference like aged over 20 years, lived in
the study area for > 1 year to be included in the study (17), excluding patients taking lipid
lowering drugs (24), subjects with a pacemaker (29), difference in data collection method &
instrument like retrospective electronic records review instead of primary data collection (29),

using mercury sphygmomanometer for blood pressure measurement (37), difference in study
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design like employing retrospective study (29,36,38), some studies led population-based study
(30), instead of institutional and other conducted multicentric study instead of single center
study like some studies included 60 hospitals for their research (17), difference in sampling
technique may have contributed to the differences in magnitude of HUA, whereas the
magnitude of HUA in current study is lower than the studies done in countries such India
(46%) (32), Saudi Arabia (80%) (35). This difference in magnitude might be because of the
difference in study population, studies in India (46%) (32), and Saudi Arabia (80%) (35) had
study populations of only adult T2DM patients regardless of having CO or not, when compared
to the present study which might contribute to the difference in magnitude of HUA. Likewise,
differences in sampling technique, variation in inclusion & exclusion criteria like in Saudi
Arabia only women aged > 35 years old with T2DM included in the study (35), targeting only
T2DM patients aged between 35 and 60 years (32), and excluding patients on supplements
such as calcium, allopurinol, and vitamin D (35). Differences in sociodemographic
characteristics and diverse resident profiles, such as nutritional behaviors,
geographical/environmental aspects, genetic issues, and variation sample size, like in India 50

cases of T2DM studied (32), may have contributed to the variances in magnitude.

This study found that there was a statistically significant association between the age of
respondents and HUA (see Table 6 above), indicating there is a positive relationship between
older age and HUA that people with age > 45 years are more likely to have HUA than younger
peoples (< 45 years). This study finding is consistent with the study conducted in China (41),
Taiwan (42), India (43), Tianjin (37), Jordan (34), Hawassa (19), Gondar (24), and Nantong
University, China (44); this may be due to the reason that changes in renal function and body
composition may cause a higher risk of HUA with aging. After 40, there is a 10% decline in
kidney function for every decade of age beyond that. This results in decreased uric acid
excretion, leading to blood uric acid buildup (88). Predisposing variables for HUA and crystal
deposition also increase with age, including joint aging, and chronic joint overloading from
being overweight. As a result, the burden of HUA could rise (78,89). In addition, comorbid
conditions like hypertension, and kidney disease are more common in the older and are linked
to a higher risk of HUA (40). HUA may arise due to hormonal changes brought on by age, such

as a rise in testosterone levels in males and a fall in estrogen levels in women (90,91).
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Furthermore, because of renal problems during aging and age-related increases in the adenosine
triphosphate binding cassette transporter sub-family G member 2 protein (24,92), urate
reabsorption in the renal ductal tube is stimulated by adenosine triphosphate binding cassette
transporter sub-family G member 2 protein activation, leading to an increase in blood uric acid
levels and the eventual induction of HUA through urate reabsorption (78,93,94). In conclusion,
the mechanism behind the association between aging and HUA is probably complex and
includes altered renal function, hormonal fluctuations, lifestyle choices, and a higher incidence
of comorbidities (24,78,88-90,92-96).

This study found that there was a statistically significant association between the sex of
respondents and HUA (see Table 6 above), indicating there is a positive relationship between
male sex and HUA that male respondents are more likely to have HUA than female
respondents. This study finding is consistent with the study conducted in Maharashtra (45),
Dhaka (33), and Jimma (2). Males are more likely than females to experience HUA for a variety
of reasons, including the impact of sex hormones, where estrogen, the female sex hormone,
aids in the kidneys' elimination of uric acid that might stabilize blood uric acid levels (97,98).
Comparatively, men have higher circulating uric acid levels than women and a higher risk of
associated comorbidities, women mostly have lower SUA levels and are protected from
developing related illnesses, which is suspected to be a result of the suppressive effects of
estradiol on xanthine oxidase. However, a study found that the sex difference in uric acid is
established during adolescence due to a substantial rise in SUA in boys, coinciding with a rise
in testosterone levels, not estradiol levels, and a decrease in sex hormone-binding globulin

(99,100).

Furthermore, as a female sex hormone seems to guard against HUA, sex hormones may also
regulate how the kidneys handle uric acid, particularly estrogen plays a part in controlling the
expression and action of uric acid transporters, such as adenosine triphosphate binding cassette
transporter G2 and solute carrier family 2 member 9. Estrogen has been found to increase the
expression of organic anion transporter 1 and organic anion transporter 3, encouraging uric
acid uptake into renal cells and smoothing its secretion into the tubular lumen. Simultaneously,
estrogen downregulates urate transporter 1 expression, decreasing uric acid reabsorption and
promoting its excretion. Furthermore, estrogen can affect renal bicarbonate handling by

upregulating the renal sodium-bicarbonate cotransporter, which improves bicarbonate
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reabsorption, leading to a further alkaline environment that favors uric acid dissolution and

excretion (99,101,102).

In addition, men could be more inclined than women to engage in alcohol consumption.
Alcoholic beverages can trigger the development of adenosine triphosphate binding cassette
transporter sub-family G member 2 protein, which is more expressed in men than women
because alcohol, especially beer, has a high purine content. By encouraging the reabsorption
of urate in the renal ductal tube, adenosine triphosphate binding cassette transporter sub-family
G member 2 protein activation raises blood uric acid levels, which in turn causes HUA by
facilitating urate reabsorption (78,93,94). In summary, because of increased testosterone levels,
variations in renal function, and the possible impact of sex hormones on uric acid processing,

the male sex is a substantial risk factor for HUA (99,101).

This study finding is also inconsistent compared to the study led by Nantong University of
China (44), District Hospital of Dschang (39), New Delhi (32), Datta Meghe Medical College
of India (43), Casablanca (38), Jordan (34), Saudi Arabia (36), which stated that female sex
had a statistically significant relationship with HUA compared to the male sex. This
discrepancy may be due to multiple reasons, such as the difference in the age of the female
study participants; in the studies stated above (32,34,36,38,39,43,44), feminine partakers were
mostly post-menopausal especially in the study of Nantong University of China (44) all female
patients enrolled were post-menopausal also the in the Jordan study (34) hyperuricemic women
were above 60 years old, that the protective effect of female sex hormone which shield against
HUA may diminish in post-menopausal women (102). Nevertheless, in the current study, more
than half of the female respondents didn't reach the age of menopause, typically between 49
and 52 years of age (103). Furthermore, the difference in the study population and the variance
in sociodemographic characteristics and population profiles, such as dietary habits,
geographical/environmental factors, and genetic factors, may have contributed to the

discrepancy with the current research findings.

As per the finding of the present study, there was a statistically significant association between
the study subject’s Duration of DM and HUA (see Table 6 above), indicating there is a positive
relationship between a higher Duration of DM and HUA that people with a Duration of DM >

10 years more likely to have HUA than peoples with lower Duration of DM (< 10 years). This
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study finding is consistent with the study conducted in Bengaluru (50), Tianjin First Central
Hospital of China (51), Italy (29), Maharashtra (45), Sivagangai (52), Gondar (24), Jimma (2),
and Jing Wang et al. meta-analysis and cohort study (41); this may be due to the reason that
long-term DM can cause decreased kidney function or diabetic kidney disease, which inhibits
the kidneys' ability to eliminate uric acid and causes HUA (104,105). Also, insulin resistance
is linked to DM, and this is made worse by the disease's protracted course. Insulin resistance
and hyperinsulinemia can reduce uric acid excretion and increase purine synthesis, which raises
uric acid levels (104). Further, as DM progressed, the prevalence of endothelial dysfunction,
inflammation, and oxidative stress, all hallmarks of the disease and its complications - rose
dramatically. These conditions also played a critical role in developing conditions linked to
elevated uric acid levels, which may exacerbate HUA (18,26). In conclusion, a complex
association between HUA and an extended duration of DM encompasses several interrelated
components, such as insulin resistance, renal impairment, inflammation, and endothelial

dysfunction (18,26,104,105).

This study finding is also inconsistent compared to the Jing Wang et al. meta-analysis and
cohort study that study subjects with higher SUA concentrations had shorter diabetic duration
(41). This discrepancy may be due to the difference in study design, study population, and the
variance in genetic, sociodemographic characteristics and population profiles, such as dietary
habits, and geographical/environmental factors, which may have contributed to the discrepancy

with the current research findings.

As of the current study finding, there was a statistically highly significant association between
the DBP of respondents and HUA (see Table 6 above), indicating there is a positive relationship
between higher DBP and HUA that people with DBP > 80 mmHg are more likely to have HUA
than people with lower DBP (< 80 mmHg). This study finding is consistent with the study
conducted in Tianjin (37), Nantong University (44), Al Madinah Al Munawarah City (35),
Jimma (2), Maharashtra (45), and Ming-Yun Chen et al. study (54). This may be due to the
reason that long-standing increase in DBP triggers complex responses in renal physiology and
function. The continued rise of the renal perfusion pressure, which is among the stimuli that
effect on hyperfiltration as an initial compensatory response, remains sufficient to keep up with

the demands of homeostasis. However, lingering elevation of DBP leads to a processive

37



condition of renal injury and ultimately to insufficient renal perfusion. Additionally, prolonged
raise of DBP can disturb renal autoregulatory mechanisms, possibly leading to insufficient
regulation of renal blood flow and glomerular filtration rate. Protracted increase of DBP causes
structural remodeling within the renal vasculature, primarily through arteriolar sclerosis; thus,
integrity mechanisms for proper blood flow and oxygenation in the kidney suffer degradation.
As a consequence, glomerular filtration rate demonstrates a gradual reduction as an effect of
continuous damage and hardening of the glomeruli. A gross impairment of kidney function
occurs, and the person is greatly prone towards the unfurl of chronic kidney disease into a
chronic stage of end-stage renal disease. Moreover, a prolonged high DBP compromises the
uric acid clearing mechanisms, and thus SUA surges, leading to a highly problematic
predisposition towards HUA. It thus becomes clear that there is a complex interplay that
underscores the intrinsic relationship between elevated DBP, renal dysfunction, and the
development of such metabolic disorders as HUA (106—109). Furthermore, endothelial injury
due to enduring exposure of the endothelium to high blood pressure, which produces structural
changes in the vasculature that induce endothelial apoptosis, vascular remodeling, and
atherosclerosis. Second is renal dysfunction brought about by chronic high blood pressure
occurring as microvascular damage in the kidneys that results from long-term elevated DBP,
leading to impaired renal excretory and filtration functions of uric acid. Hyperuricemia can
arise due to endothelial dysfunction, which can cause increased vasoconstriction, altered renal
hemodynamics, and decreased nitric oxide bioavailability (109,110). In broad terms, HTN and
elevated DBP are linked to heightened oxidative stress, inflammatory response, and insulin
resistance inside the body. HUA can result from insulin resistance, which leads to changes in
renal uric acid passage and intensifies uric acid synthesis, patients with selective insulin
resistance, such as those with overweightness or lipodystrophy, display normal or somewhat
elevated fractional excretion of uric acid signifying that their HUA is not principally triggered
by reduced renal excretion of uric acid. Instead, it seems that amplified uric acid synthesis and
changed expression of renal uric acid transporters play more significant roles in the progress
of HUA in these people. (110—-114). In summary, HUA can be influenced by high DBP through
its effects on oxidative stress, renal function, and vascular health. The intricate connection

between uric acid levels and blood pressure is affected by these processes (109,110,115).
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This study found that there was a statistically significant association between the SCr of
respondents and HUA (see Table 6 above), indicating there is a positive relationship between
higher SCr and HUA that people with SCr > 1.2 mg/dl more likely to have HUA than lower
SCr people (< 1.2 mg/dl). This study finding is consistent with the study conducted in India
(56), Saudi Arabia (36), Italy (29), Tianjin (37), and Ming-Yun Chen et al. study (54); this may
be due to the reason that increased SCr levels are frequently linked to kidney impairment but
also indicates other conditions like metabolic disorders, muscle breakdown which can impact
the body's uric acid levels and cause HUA. There are many possible mechanisms for such
circumstances. For instance, when renal function is compromised, as seen by an increased SCr
level, about two-thirds of the uric acid in the body is eliminated through the kidneys; this can
result in decreased excretion and an accumulation of uric acid in the blood, which is known as
HUA. Moreover, renal function and SCr levels are known to be impacted by comorbidity and
DM problems, particularly those of the kidney. Moreover, muscle breakdown leads to a surge
in the release of intracellular contents, including purines and nucleic acids that can accentuate
uric acid production. Myoglobin released from damaged muscle cells could also precipitate in
the kidneys, causing renal damage, therefore impairing the excretion of uric acid and

subsequent HUA (116-118).

As per the present study finding, there was a statistically significant association between the
TC of respondents and HUA (see Table 6 above), indicating there is a positive relationship
between higher TC and HUA that people with TC > 200 mg/dl are more likely to have HUA
than people with lower TC (< 200 mg/dl). This study finding is consistent with the study
conducted in Nantong University (44), Tianjin First Central Hospital of China (51), Gondar
(24), Saudi Arabia (36), Guangdong Province of China (17), Tianjin (37), and Ming-Yun Chen
et al. study (54). A possible reason for the increased likelihood of HUA in elevated TC may be
due to the coincidence of communal risk factors such as alcohol consumption (119). Even
though the exact mechanisms underlying HUA, dyslipidemia, and increased TC remain
unclear. However, several possible mechanisms have been suggested. For instance,
nicotinamide adenine dinucleotide phosphate serves as a coenzyme in numerous stages of the
cholesterol biogenesis lane. One noteworthy phase in which nicotinamide adenine dinucleotide
phosphate is used is during the conversion of 3-hydroxy-3-methylglutaryl-coenzyme A to

mevalonate, which is catalyzed by the enzyme B-Hydroxy PB-methylglutaryl-coenzyme-A
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reductase enzyme that require nicotinamide adenine dinucleotide phosphate as a reducing
molecule; this could increase uric acid production because the pentose phosphate pathway is
upregulated (120-122). A further potential cause is that high cholesterol might exacerbate
HUA by causing inflammation and oxidative stress, which are critical to the onset and course
of disorders linked to HUA (78,110). Likewise, hyperuricemia is frequently linked to metabolic
syndrome, a collection of illnesses that includes high blood pressure, high blood sugar, excess
body fat around the waist, and abnormal cholesterol levels, the disruptions to metabolic
processes in people with elevated TC may also have contributed to the production of high levels
of uric acid. Consequently, increased cholesterol may be a component of the more extensive

metabolic alterations that lead to HUA (19,45,56).

This study found that there was a statistically significant association between Alcohol
Consumption and HUA (see Table 6 above), indicating there is a positive relationship between
Alcohol intake and HUA that people who drink alcohol are more likely to have HUA than
people who don’t consume Alcohol. This study finding is consistent with the study conducted
in India (56), Cameroon (40), Jimma (2), and Hawassa (19); this may be due to the reason that
Alcohol use can influence HUA in many ways. Consuming alcohol, particularly beer, is high
in purines, which the body converts to uric acid. Furthermore, drinking alcohol causes hyper-
lactic acidemia, which lowers the excretion of UA, as well as increases urate and lactate
synthesis (2,56,123,124). Increased nicotinamide adenine dinucleotide production from
ethanol metabolism causes ethanol to oxidize to acetaldehyde, raising uric acid production

(125).

Additionally, ethanol promotes the breakdown of adenine nucleotides, increasing blood levels
of lactic acid and potentially exacerbating HUA. Also, purines in alcoholic drinks, particularly
beer, might raise the levels of plasma uric acid (126). Drinking alcohol can cause ketoacidosis
and dehydration, both of which are linked to ethanol-induced HUA. As well it may raise the
plasma concentrations and excretion of xanthine and hypoxanthine in the urine, which may
lead to HUA (126). Moreover, alcohol can cause lactic acidosis, a disease that lowers the
kidneys' capacity to eliminate uric acid and causes it to build up in the blood (124). The impact
of various alcoholic beverages on serum urate levels differs. Wine is the beverage that causes

the most significant increases in serum urate levels, followed by beer and whiskey (127).
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Conjointly, alcohol is a diuretic, which increases the risk of dehydration. Dehydration can

concentrate urine, lowering uric acid excretion and raising blood uric acid levels (124).

6.1 Strength of the study

To the best of the authors’ knowledge, there is no similar study conducted in the area as well
as the entire country; this is the first large sample size study (n =423) with a high response rate
(99%, n = 419) investigating the magnitude of and risk factors associated with HUA in
Ethiopian T2DM patients with central obesity so that it can contribute a lot as source or baseline
information for future studies. Use contextually adopted standardized questionnaires and
quality control in training, pretesting, and data entry programming. Also, the study used a
multivariable analysis to control for confounders and assess the strength of the association of

variables with HUA .

6.2. Limitation of the study

Even though the necessary endeavors were made to minimize or avoid possible limitations of

the study, the results should be interpreted in light of the following unavoidable limitations.

The present study was cross-sectional; hence, no causal inferences or temporal associations
could be drawn because the study design only describes what is happening at present. A face-
to-face interview may lead to social desirability bias by overestimating or underestimating the
result, and recall bias may be exposed to get inappropriate information from each participant
and not complemented with a mixed study design, decreasing the study's strength. Owing to
resource limitations, the homeostatic model assessment for insulin resistance test was not

performed to determine insulin resistance status and insulin concentration was not measured.

7. CONCLUSION & RECOMMENDATION

7.1 Conclusion

The overall magnitude of HUA results was high, even higher than most studies conducted in
other countries. Having an age of > 45 years old, being male, having a duration of DM > 10
years, having SCr > 1.2 mg/dl, having DBP > 80 mmHg, having TC > 200 mg/dl, and alcohol

consumption were found to be statistically significant factors associated with HUA.
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7.2 Recommendation
Health Policymakers
Based on the present study findings health policymakers are recommended to put an effort into:

e Prioritizing screening, and raising awareness programs by focusing on T2DM patients
with CO, especially those who are male, older age, and have had diabetes for a
prolonged duration.

e Providing funds for additional research and facilitating long-term studies.

For Hospital Managers
Based on the current study findings hospital managers are recommended to focus on:
e Priority on staff education, training, regular interdisciplinary meetings, and integration.
e Creating patient education initiatives and allocating funding for long-term care plans.
For Health Professionals
As of the present study result health professionals are recommended to give attention to:

e Prioritize ongoing screening and education of patients about the link between T2DM,
CO & HUA, and also offer lifestyle modification counseling.

e Taking risk factors into account, and employing multidisciplinary teamwork.

For Researchers
Based on the current study findings researchers are recommended to concentrate on:

e Doing more studies using a stronger study design, huge sample size, and on a
multicentered or community level and exploring more predictor variables utilizing
relative scrutiny to provide a clear understanding of the disorder's epidemiology and
associated factors.

e Disseminating findings through peer-reviewed journals and conferences.

For The Community
As of the finding of the current study, the community is recommended to concentrate on:
e Dynamically involving in civic screening programs and routine health check-ups.

¢ Forming support groups, and putting society members in touch with pertinent resources.
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ANNEX I. Information sheet and Informed consent form (English version)

Information sheet

Dear participants, my name is . I am here to collect data for a study entitled “Magnitude of
Hyperuricemia and its associated factors among Type II Diabetic patients with central obesity on follow-up
in Woldia Comprehensive Specialized Hospital, Habtemariam Mulugeta conducting the Research project. I

am an MSc student in Medical Physiology. The interview will require about 25 to 45 minutes to be completed.

Title of the Research Project: Magnitude of Hyperuricemia and its associated factors among Type II Diabetic
patients with central obesity on follow-up in Woldia Comprehensive Specialized Hospital, North East

Ethiopia, 2023.
Principal Investigator: Habtemariam Mulugeta Abate (BSc)

Name of advisors: Dr. Diresebachew Haile (MSc, PhD, Associate Professor) & Dr. Abebaye Aragaw
(MSc, PhD, Assistant Professor)

The organisation's name is Addis Ababa University, College of Medicine & Health Sciences, School of
Medicine, Department of Medical Physiology.

Introduction: Patients with type 2 diabetes and central obesity frequently experience hyperuricemia, but the
underlying causes of its onset and persistence are poorly known. This lack of comprehension can make therapy
less effective and have a detrimental impact on patient outcomes. To enhance patient treatment and results, it

is crucial to understand the related causes of hyperuricemia in this patient population.

Purpose: This study aims to find the Magnitude of Hyperuricemia & associated factors among adult diabetes
mellitus patients with central obesity. The information you provide is essential not only for the successful
accomplishment of the study but also for producing relevant information that will help improve the provision

of medical status to adult diabetic patients & provide research results to the concerned body for intervention.

Procedure & Participation: The research method is a descriptive cross-sectional study & the data collection
method i1s Face-to-face interviews, document reviews, Laboratory Tests, Anthropometry & Blood Pressure
Measurements. The expected duration of the participants’ contact with the data collector will take 25 to 45
minutes. You will be asked to participate in this Research because the complete trust information is vital for
understanding the proposed subject matter. Moreover, the sampling frame’s participation is affirmed through

the Procedure probability sampling technique, which provides an equal chance of selection.
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Confidentiality: [ assure you that privacy will be strictly maintained throughout.
Your responses to any of the questions will not be given to anyone else & no reports of the study will ever

identify you. If an account of the results will be published, only information about the whole group will appear.

Benefit: The information generated from the study will help policymakers change the direction of the strategic
plan, continuous monitoring & evaluation of the program according to the study result; improving quality of
care, quality of life, & Health Literacy will enable healthcare providers to implement other care beyond

metabolic control & will help you to get the quality of medical services from health institutions.

Risk: By participating in this research project, you may feel a little discomfort, especially when spending your
time. We hope you will join the study to benefit from the result. I am sure there is no risk of participating in
this research project in physical harm, social discrimination, psychological trauma, or economic loss & no
discrimination to you. Healthcare professionals in health institutions provide all treatment services.
Inducement, incentive, & Compensation: This study process has no form of inducement or coercion & the

study does not bring any risks that incur compensation.

Results Dissemination: The researcher is responsible for disseminating findings & being fully accountable
for providing feedback; the final report will be published to the Department of Medical Physiology Addis
Ababa University & the study findings will be issued to the regional health bureau & concerned health facility.

The investigator will publish the findings in a scientific journal.

Freedom to withdraw: If you want to participate in the study, you have the full right to withdraw at any time;
this would not affect your health benefits from health institutions. Nobody will force you to explain the reason
for withdrawal; in other words, refusal to respond to the questions will not affect the services you or any family
member may receive from any service providers now or in the future. You have the right to terminate the

study for any reason related to the Research or personal defense.

Person to Contact: The participant has the right to ask for information that is unclear about the research
context & content before & during the research work. You can contact the principal investigator & supervisor.
Moreover, this Research has undergone ethical review & approval by the Addis Ababa University College of
Health Sciences ethical research committee. This ethical research committee’s main task is to ensure that the
moral principles have been adhered to and that & the research participants are protected from harm. If you
want additional information & check about this project, you can contact the following people. Addis Ababa

University College of Health Sciences Ethical research committee, Secretary Office Tel. +251911012775
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Principal Investigator name & address:

Name: Habtemariam Mulugeta Abate

e-mail address: habtemariam.mulugeta@gmail.com

Phone Number: +251924314840
Supervisor name & address:
Name: Tsgereda Assefa Legesse
Phone Number: +251931882791
Department of Medical Physiology; Mobile: +251911012775
Informed consent form

Title of the project: Magnitude of Hyperuricemia & associated factors among type Il diabetic patients with
central obesity on follow-up in Woldia Comprehensive Specialized Hospital, North East Ethiopia, 2023. I
understand this research undertaking is a post-graduate degree partial fulfilment of Research fully supported
& coordinated by the Addis Ababa University Department of Medical Physiology & the designated principal
investigator is Habtemariam Mulugeta. I have been fully informed in the language I understand about the
research project objective: Magnitude of Hyperuricemia & associated factors among type Il diabetic patients
with central obesity on follow-up in Woldia Comprehensive Specialized Hospital. I have been informed that
all the information I provide to the interviewer will be confidential. I understood that Research has no risk &
no composition. I also know that I have the right to withhold information, skip questions to answer, or
withdraw from the study any time I am acquainted, and nobody will impose on me to explain the reason for
withdrawal. It is also enlightening that health benefits or other administrative effects from health institutions
would not affect my health benefits. I have assured you that the right to ask for information that is not clear
about the Research before & or during the research work & to contact:

Addis Ababa University, College of Health Sciences Office Tel. +251911012775
Principal Investigator’s Name: Habtemariam Mulugeta, Mobile: +251924314840
Supervisor name & address: Name: Tsgereda Assefa Legesse,

Phone Number: +251931882791

I have read this form, or it has been read to me in the language I comprehend & understand the condition
stated above. Therefore, I am willing & confirm my participation by verbal consent. Agreed to participate in
the study: Yes /No (mark one of them for verbal consent)

Name of witness signature (Data collector, supervisor, any third person),

Signature , Date
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ANNEX II - English version Questionnaires
These questionnaires are designed to assess the Magnitude of Hyperuricemia & its associated factors among Type 11

diabetic patients with Central Obesity on follow-up in Woldia Comprehensive Specialized Hospital.

in minutes, Data collector name
Part I - Socio-demographic characteristics

Code number , Starting time in minutes, finishing time

Encircle the coding category number that you choose from the given boxes.

Code Questionnaires Coding Categories
101 What is your gender? 1. Male
2. Female
102 Where are you living now? 1.  Urban
2. Rural
103 How many years old now? in years
104 What is your educational status? 1. Canread and write
2. Cannot read and write
3. Primary school
4. Secondary school
5. College
6. University
105 What is your marital status? 1. Single
2. Married
3. Widowed
4. Divorced
106 What is your occupational status? 1. Unemployed
2. Private employed
3. Governmental employed
4. Housewife
5. Self-employed
107 How much money is your average monthly income per month? in Ethiopia Birr
108 Are you a member of community-based health insurance? 1. Yes
2. No
Part II — Serum Uric Acid Laboratory Measurement
code Questionnaires
201  |Serum Uric Acid in mg/dL
Part I1I: Factors that affect the Hyperuricemia
Encircle the coding category number that you choose from the given boxes.
Code Questioner Code categories (Please circle the number)
301 Which drug regimen you are following currently 1. Oral anti-diabetic medication only
for your diabetes? 2. Insulin only
3. Insulin and oral ant-diabetic medication
4. Only following the dietary plan as recommended
302 Do you have any diabetic-related long-term 1. Yes
Complications? If the answer is “No,” 303 2. No
and 304 skips and start 305
303 If your answer is “Yes” for question No. 302, 1. Diabetic Nephropathy
which type of long-term complications do you 2. Diabetic Neuropathy
have? (Multiple answers are possible) 3. Diabetic Retinopathy
4. Diabetic foot ulcer
5. Diabetic related heart disease
6. Diabetic related hypertension
7. Other
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304 For how long have you had diabetes? in years

305 Serum HbAIC

306 [Fasting blood glucose

307 Do you have co-morbidity disease? If the answer is 1. Yes
“No,” skip question 310 and start 311 2. No
308 If your answer to question number 308 is yes, what 1. Heart disease
type of co-morbidity diseases do you have? 2. Kidney disease
3. Hypertension
4. Other

309 Systolic BP mmHg

310 Diastolic BP mmHg

311 Serum Creatinine

312 Total cholesterol

313 Triglyceride

314 LDL

315 HDL

316 Weight

317 Height

319 Lipid Lowering Drugs 1. No Medication
2. Statin only
3. Fibrate only
4. Statin + Fibrate
5. Other

Khat Chewing questionnaires

Encircle the coding category number that you choose from the given boxes.

401 Have you ever chewed Khat? If the answer is “No,” skip 1. Yes
402 and 403 2. No

402 During the last 30 days, how many days did you chew | =~ =——mememmemmeeee Number of days
Chat?

Alcohol consumption screening

Encircle the coding category number that you choose from the given boxes.

501 Have you ever taken a drink that contains alcohol 1. Yes
(Tella/Tegi/Areke/Beer/Wine, etc...)? If the answer is 2. No
“No,” skip 502 and 503

502 During the last 30 days, how many days did you have a

drink that contains alcohol? | e Number of days
503 During the last 13 months, how often did you take a drink | 1. Almost Every Day
that contains alcohol? 2. At Least Once A Week
3. Less Than Once A Week

4. None in The Last 13 Months

Cigarette Consumption

601 | Have you smoked a cigarette - even one puff - during the 1. Yes
past Year? 2. No
602 | If yes, how many cigarettes did you smoke on an average

INumber of cigarettes:

day?

Depression Anxiety Stress Scale 21 (DASS-21) Checklist

Please read each statement and circle 0, 1, 2, or 3, indicating how much the statement applied to you over the past week. There are no
right or wrong answers. Do not spend too much time on any statement.

The rating scale is as follows:
0 = Did not apply to me at all - NEVER
1 = Applied to me to some degree, or some of the time - SOMETIMES
2 = Applied to me to a considerable degree, or a good part of time - OFTEN
3 = Applied to me very much, or most of the time - ALMOST ALWAYS

S =STRESS, D =DEPRESSION, A = ANXIETY

code Ratings
701 (S) | I found it hard to wind down 0] 1]2]3
702 (A) | I was aware of dryness of my mouth 0] 11213
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703 (D) | I couldn’t seem to experience any positive feeling at all 0|11 ]2]3
704 (A) | I experienced breathing difficulty (e.g., excessively rapid breathing, breathlessness in the absence of ol1l1213
physical exertion)
705 (D) | I found it difficult to work up the initiative to do things 0] 1123
706 (S) | Itended to over-react to situations 0] 1]2]3
707 (A) | I experienced trembling (e.g., in the hands) 0] 1]2]3
708 (S) | I felt that I was using a lot of nervous energy 0] 1]2]3
709 (A) | I was worried about situations in which I might panic and make a fool of myself 0] 1123
710 (D) | I felt that I had nothing to look forward to 0] 1123
711 (S) | I found myself getting agitated Ol 1[]2]3
712 (S) | I found it difficult to relax 0] 1123
713 (D) | I felt down-hearted and blue 0|1 []2]3
714 (S) | I was intolerant of anything that kept me from getting on with what I was doing 0] 1123
715 (A) | I felt I was close to panic Ol 1[]2]3
716 (D) | I was unable to become enthusiastic about anything 0] 1]2]3
717 (D) | Ifelt] wasn’t worth much as a person 0] 1123
718 (S) | I felt that I was rather touchy 0] 11213
719 (A) | I was aware of the action of my heart in the absence of physical exertion (e.g., sense of heart rate increase, ol11213
heart missing a beat)
720 (A) | I felt scared without any good reason 0] 11213
721 (D) | I felt that life was meaningless 0Ol1]2]3

Morisky Medication Adherence Scale (MMAS) checklist

Please answer each question based on your personal experience with your medications. Note that there is not right or wrong answer. (Please
circle your answer below)

Code Choices
801 Do you sometimes forget to take your medications? (1) No (0) Yes
302 People sometimes miss taking their medications for reasons other than forgetting. Thinking (1) No (0) Yes
over the past two weeks, were there any days when you did not take your medications?
Have you ever cut back or stopped taking your medications without telling your doctor, (0) Yes
803 . (1) No
because you felt worse when you took it?
804 When you travel or leave home, do you sometimes forget to bring along your medications? (1) No (0) Yes
805 Did you take your medications yesterday? (1) No (0) Yes
806 When you feel like your health condition is under control, do you sometimes stop taking (1) No (0) Yes
you medications?
807 Taking medications every day is a real inconvenience for some people. Do you ever feel (0) Yes
L (1) No
hassled about sticking to your treatment plan?
808 4. Never/rarely
3. Once in a while
How often do you have difficulty remembering to take all your medications? 2. Sometimes
1. Usually
0. All the time

Thank You!
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ANNEX III: Information sheet and Informed consent form (Amharic version)
PooLE miPt

o< +AFLPTF 0, 1@ Qoo Myt ADASLE AT AFAALHE PATHA @-AT hivtd 0912290 @P+ NhL 1t 1T eAnC vargo+ET
ahAd PAD* PG FIPUCT (aPYRIPTF) RCE AS +A8T PPRISRTF 191LA Con TG ATINNAA 10« i 2U TGF (UNTTICEI® av-(F PTLNLe:
ALY ACOI® MAPEPT MG 1CAT L7I0HCA 1976 1022 PATPMEE ATIMGPP 0 25 Adh 45 LEP PUA LMEPA

P9°CIC TCENE CON: NLP° AT LA h& PA P24h ALE aom7? AG TP Ph7ePT (DAL AmPAL OFAALHE PATHA hita
N9LLLANFD- P9ONAP 64T AS 2987 -t PAMC UaPIPHETF aoihA: 10987 9PN e-P AFe&e T 2015::

PG +avgoIS: UHIICLI® ot (8.14)
PATTNSPT QP 2/C LCANFD- 720, (TIVFCA T ThiT 47 008 TCLAC) AT &/C ANNE AgID ((TIVHCH T ThT.8 1491 TCLAC)
P&CP-k (9°: A%0 ANA LLACAAL T MG 4270 DAL f PUNIG F9PUCT (LT F 092804 A HENRE, aPgse ::

ae(0: 4R 2 PO C N AT TI0hAR O-GLT PANFD- Fno1PF 1L9° OO LAD- NG PA PRSh AL aPm? (2,209, LOTIVFPA, T1C 17
PavBave. xS Pav@P-k PG aPINAPT (187N AL ORI, LU LML ATLT VNPT OmF ol hERCIO® hG NFhel OmAT AR 78 +X0F
PALCA= 03 NT.@<7 YIS AG D-mpk? ATITAN (HY 2509, UHAO O-AT hyperuricemia P79.200 A +2EH JPNIRF7 a0l 8T (1MI° AddAT,
b1

A9 0, TGF P990NAR M-S AS NAPEPT ALTT 2 POMC VIPIPHFT avhind 129° M-AT PAD- NG PA PRSN ACLE aPM? A 2T oh 70T
ATTTF PAGD 10 12 R9LAMF aPlE ATGE LT F AT AAPE PANC VaPd>HET PUNIPS U-ad Te-T7 ATTAAA AT ATLavAht@- Ahd
PIPCIPC O MT7 ATINTTT 09044 AONTE PAT- 0P8 ATID-NF A(LAT 10 ::

AQS-C WS TATE: PIPCIPC HE& M- 145 PavaPAT NEA TS (LUPY 29228 ANNGN H&D- &t-Add 10+ i1 +AFLPT hPha-oomed OC P95+t
L 29Lm0P@ L 25 Ahh 45 LPPTT LOARA 1 03PLMT CON 188 AdPLST NMIP P91 0PCND- P+A Pavf-ajavy avlf (1MI° ANLAL
NP ALY °CI°C @OT ATLATS BMeP 12 (TenI4I° © PGavG G490 FATE MANATT PaoIPlT AN N7LAT PAWE-C TEANTT A0S-C HE,
e D21m 10 ::

TGATLLI: MAMPAL PPAMLEPrE NTNP AL LMNP ALINITATU- ADAAY- 11 ATTIGD-9° PEEPT PoLAM-T PPATT AdA D+ ALAMIP T AGIP
PG @g° PGt T CPT (-1 ARALPTI® 11 PO-ME aPAP NAFap AN AmPAL (18 avlB F £3Ph:

PPIO: NTGE OHTTO aol8 07 AL AD-DPT P0te-tBN A8 AbMem AaoPPC © (HhFFe NI HAS PTCL-077 PHS (1TSE Omyt aowlst
£L8A I 0MS WETT TTHAA PG AP0 APSLPT 2 0Ah RTTC @ ANT ATNOLPTFY +902P h19.LLCT PTLeNTATFD- (LUPY
UNI°G AT Pet S 29t ATLP9TT LLAPHA

AL.I: (IHY £9°CI°C TCENT OAT NPATG A28 OFT ATRILNTIO- LATIP I T O TALI° LHPT Ldedv i AJPCIC Dk TPI° NG OO T
A2TLA TG H0d ATRCIAT 1 NANAR 4T T N9TUNEE ALAP T NNIANS AT T NADTTL AL AT AKCAP I°79° ALAP AL (LY PI°CI°C
TCENT OO PoPAtG ALD W2CAA ACIME T MG TP @A MG AThN0, NATPCPT v-h79° 8chhg°G AT AT LANN: ::

TN F T PPY PP RG TINNA: LU 07T LT 0911 PEP T 0UIN1L.L AL T PAD-IP T AGIP PGt A PILPATT ALIPTT hParago ::

oMt ACBT: +a0LTI6D- MNLaPAN ATPAMT @ (190 FMPETE AAD* THRTF 990Gt PALTE AANT I 2o A@- HIO AASA AN
LI0CMAT A928.0A LHEACE, TIPVCT hGA PoLAC6h, (LPT PTGk Pt ADAAR MG (LEC AS ATLaPANFF@- 0GR LAMA 12 aPCTIGD- 13T
NAL TR aoZdht AL LTI ::

@Mt 191 TS E AT PATE NLAT MLATT Lh NTGH Pap@-Mt av-p ao1+ AAPTF i 2V G +429PF 17LAm-T Pm.S TPT7 TPI° AL
gOYP° +ZOG APALCI® i Pav@-MET PPN ATINGST TIIIC APNISLEPTIC I ATPRPE avAG AdPAmT AP(L TNt ACOPI® P 7175 D90
LLFANL ANA DOTTEDG° AN A PT NTLLITFO AMIAINRT AL A0 1P1 ADLL+E +&0F ALTLOGP :: (1laPhhd h9PCI°C DLI° NelA
aoAn® IC (FFHAPL (9775 @-9° N0t TGHY 0994 av(V hAPT ::

PILITTD- AD-: +AFLD- NIPCIPC 2240 (14 AS NTLNTORNT L AN TGFPD- 0@-L AS AN BHE CI0NE PAPT avl8 PaomPP av-(I+ hAD- :: PG
aCaYEDy WG FSNNLDT T9101C SFAN 2 (FnTI69° £V TG (0N R7ACE PmS 4270 hAS PA19°I0C TG+ halt PAI9°90C “19°179G

901, ATRLA 1 BU PN19PNNC PG D9ld PG AG@< PAIIPNNC aCPPT FmAPD AAITEFDY TP AG P9°CIOC HAFEPTF NSt
AP8.MOE 7984 10~ 31 FenTI6 aLE NAAT AS NAILY TCENT ATINEt 29Ut tT APTF 991.91C S FAN 2 PAL.A ANN RZACALE PmS 4270

hAE 219°90C TGF 09UE T Achd Achéet (L AAh. +251911012775
PG Favg.a94 (9P KG AL

Og°: U-(HTICLI° ool KO+

63



P24 AL¢A: habtemariam.mulugeta@gmail.com

Odh €1C: + 251924314840
+HMML, A° WG A

Qag°: 0144 A0d A0

HAh €1C: +251931882791
PoL8. A LHPACE, aPgP4P; PPOLA: +251911012775
NaolB o414, PO PR
PTCENE 129° AT PAD- & PA PRAN AMLE aPM7 AG TOLH PPRISPT (DALL AmPAL NTFAALHE PATHA A N91.LL90F @ 2990NAP
D€L ARG P9LTE Ut POC VIPIPHERTF avhndt A7 P0G AL T 2015:: &V PIPCIPC (¢ PLUL-I°2P &4 hdA PH99A I°CI°C
av<(y (102 OFL14. WG OHPGE ao PR AL FAU- 1 (ALN AN RZACAE PT29.0A A HE NS, aP9P40 WG OHav®- PG avCaqs U HTICLI° av (1.3
GCFD- i1 (OALP AMPAL AT ATFAALHE PATTA @-OT httAd 091,10 ¢ 1T 481t eanC vard™+eF avhhd A 9°CI°C TCEhT GAT]
OFEAU-VF 72 av<ie (avte F1PICTA 2 APA-aPMLP LTIPCND- avl8 v-tv (1TLATC A7LTLEOH FICICTA 2 9°CI°C 9°79° AT hS P0G
ATRAND: TLEFAU- 12 AT8.U-I° avl 87y PavpANA T aPAN AdPAM Tt TEEPTT aPHAA T OLI° TGET 099LCT av(VF WI8TTY e0-P( 7 N2
ATHGeF TTHI° QD+ WS TNTIIP 2 (M FaTT8° MG TPIVE AL DRI° NG +RIVT L9NGFDT Aot ANFRLEP DB A2L9981 0 NCYT
10« 12 A9PCIPC 260 (4H9° P1 OFF A I°CIP IND PAPT 0928 0avmeP AG 71T T+ a1+ A18TTU- AL~ &5
PA4.0 AN 220CAT T MG 4270 hAE &/ (T ddh. +25191012775
PG av(ia4 O9°: UNHTICLI° av1. 37 PNRA 251924314840
THMAG AP RS A& Az O9°: 0144 A0d- A10F dh 2TC: +251931882791

LUTT P& ATNLPAU- F OLI° DAL (EMPAD- U< (HLAUF A LUt TR 41007 22 AAPI9P &PRE 1T AG +AHELT PN 492 ALITNAY-
i 1Pk @OT APATE FOTIIOTFPA-AP [ PAT° (0PAT ATPATITVF (W8 AL Fo0NT £2CT)

egoahc &Co7 age (82 AQAW F +$NMG T T O A0HT A0-)

&CT HE

64



ANNEX IV: Amharic Version Questionnaires

ALY POLET NOALL AMPAL U-AT AFAALHE POTHA Wt N7.LLA0F D+ (1£9° O-AT PAD- h§ PA PRoh AMLL:
a7 WG O PRSP 09I0hAR 0G4 AT 9L U PAMC YaPdPTET avhhd Age8AR PP GF@- i

o\ &TC avy 1H, NLtP, oen.la 1LH, NLtP, avlE ANAND. (F°
hed A28 : TUOEP-01-UHN QUEPTF
Namr @-A1 htbaemat PavA P &PET +hhAT apAn NA@- a7 € TC fhir
7P0 ETC TP av\@ &7C (Parlmt £h)
101 | #3? 1. o8
2. ot
102 | Av? P90 0 O 1-? 1. o
2. 1mC
103 | h&9%? havi
104 | PT9°UCT L2587 1. 970N AG P84, PTLTA
2. PiteI
3. AIRE LLET PGPP
4. 0T £LE T /0 fGd
5. PhAE /4 PnGPP
6. euicot: fmGPd
105 | eo0F u-ad? 1. fA70/pa10F
2. g10/e10F
3. Q9 eAP/ (9 eFAST
4. 043/ 04IF
106 | P0g v-a? 1. 0 hAD-/ AT
2. 094 AbTE 090/ P90
3. Qe FbrE ML/ P9P0E-
4. o0t hoo(Lit
5. ek N &PC PTLH8EC
107 | e@C 0P oM NATINT a7 107 PATERE NC
108 | Pm.§ 9o AOA 1971? 1. h?
2. PA9°
heA oAt - 20490 RSh ANLL: PANCR4 aPAN.E
avp P
EPC
201 |(W49° %60 AMLE: 0 71.A.914-9°/ 20, AHC
hed otk (he+T 0l9° 2oh hALS AR FX0T 9710484 TICT
ntamet ATET O-OT Lol F o7 09°Com, PPLNTF R PCT ShrliNe
:;DM’ TERPT pgoCem, POLE (AANPT €747 £hO()
TC
301 | AARC AT holam: e@uLtF avhhd e4+5PET Othr e 1. 2. Pt NF
LOAKA? 2. A 007 F
3. 099 PMFT WG AT
4., POAa>-P PR Phav 1) AP avhd F
302 | ARG vavao- 9oRYeF LoMmIPPPA +en 14 04890 L, + 2T 1. h®
Pm.S ANA AANPT? aPANDP "0ATR" NPy +¢- 2 TC 303 AG 2. 009°
304 2HAA AS 305 £P9%.
303 | ATfE rC 302 aPAANP “AP” NI PHEDT PLB9P LK, 1. hWAC vaed® ¢ P+PPH Ph-AAt yarge
FoACT AIPIPIA? (Ot AN LFAN) 2. hO™C vorge oC eFPLH P16 varge
3. halG yaege oC e4PPH Ph LT yarg®
4. hanc yaoge oC e+PPH PAN Yaoge
5. hawg yaeg® o¢ e+29H PA°IC RANT
6. oG yaege oC P 0H 0290 <14t
7. AT
304 |eawC verd® 0P BI°C 907 PUA L PP havit
305 [L29° BP0eLT B 1L
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306 [P29° £L.9° ANC 9P
307 [hanc Nazo- A QU OH401m NG AANPT? aPAnDP 1. A?
"PATP" NPT Fe- #mC 307 LA 2. P09°
308 | ¢ &7C 309 aPANP "RP" NPT AT @ A0 1 NUILI® L. ean Nt
P21 (G 10 SANPH? (At aPANT FAN) 2. eAnt (A
3. PLY9° it
4. Mot
309 [LOfAh 2290 4t 0714, “LHC TUCHS
310 (e.fatAh 2L9° gt N7, 727G 7G4
311 [Ld9® hetr?
312  |mPAA bAATFCA a7y
313 |[Fé-Lo00CeL aom?
314 MPHE headd LA 00T TEE? (NTCEE? AS POT (POT)
et+04 PINPF) oy
315 |[n&+E agF TR TEE? (0TCET AG O+ ($0T) P04
P7MF) o
316 [hNL+
317 (koo
319 ROA@-t $OT7 0oL Y0 aPLD LT 1. oo@YytY 098, MmebgP
2. artrOF
3. &NetNF
4, a7+ et
5.ttt
0ot av $g° o LT
M-t ATSTF @A Pavlm F-T Ohe: T R PCT PRIl
401 | 47 pav@- P+ F? aPAAP “KL" NPT 402 T SHAN 1. h?
2. eage
402 | 0AA$<t 30 5+ 00T a%F P77 BF PaoPn? | e PPTT M
AAhA oo oo\ P oL BT
M-t ATSTF @A PavlmF@T ohe: PPENTF R PCT PR
501 | Adbhd N@am- 20H aemt (mA / B [/ hék [ (e [ @7 T OHT) PO PO P? aoi\ (- 3. K®
“Ke” NP1 602 hG 603 7 2HAN 4. AP
502 |0A$<t 30 $5°F T AFF PG PUA AADA £PH aPm P MmTHPA?
------------------- PG NH
503 | QA%< 13 @pF @0 AADA PPH aPT 9°7 PUA LH MTHPA? 1. 0P TINT LFAA
2. (L27 NAFPPE A28 L
3. Q497 A28 LH £10
4, 0%t 13 OCTF @t 9O79° PAI°
[
601 | 00~ %avt (1,00 AGOYA - B8 FE AT -
602 | A2 hiPh: QAT (7 A% (AL2¢- helb(l 1067 ROLICPT W

00E (&ACT)E o020 oPANG (RHET) XS Bt Aht aomed

AONP7 AL18787 avNTy, L7(F AG AALD~ AFPFF 77 LU avABD- ALCAP A28 DRTI° ACNT NRNAT PTLAND-7 PTLLavAN Tt ¢ 7C 0 *
112 @9 3 Ph-00- :: FhhAT OLY° P4AAk aPANTF PA9P 11 (9775 D-9° ava)Assy, AL, IH- LH AL D05 i

L£28 A0Mm- WL LN TAD- 10+

0 = (¢80 Ah3 AT (AT U-23 ARIARI®) - NFPGT (AAPOAD-I)
1 = M FOAT 8LF AR HHNZA T ORI MHOAT L, - APA7E Lh (AAE hAE)

2 = QA NHUT @ 82T AX% TT0ZAN T @RI° A LH - AL,
3 = AR NP H1ZA T OLI° AE NNY° AH- LH - U-N\LH

@A POEPT J°CR,

701 | Peni® 09189° HG ATINT £NNL7 INC 0 1 2 |3
702 | hé. ALLCP £F@PT INC 0 1 2 |3
703 | 9°79° ALY T4 092 APTOTT AAINLI® 0 1 2 |3
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704 | Agvtr20 AFIC I0C (APAA T AN PAL R Roe aPHT40 T PA 9079° ANAR ATPOP0, H14:T TITTE) 0 1 2 |3
705 | TG @I9° 11C AT OT A 1a0 T AMAU- 0 1 2 | 3
706 | A7P872E TICTT L@ NAL ADISAU- 0 1 2 | 3
707 | a1 TPT AOTTTA (APAN T ASE AL) 0 1 2 |3
708 | i ersan (W73 PrE) TANE A8 tmPdPh LATITA 0 1 2 |3
709 | A181L AIMNTLPTF ALt TR AL ATERAPCE AOD INC 0 1 2 | 3
710 | 9°79° L4t 271022 11C WILANTT LOTITA 0 1 2 | 3
711 | 2P0 a0 @-OT Aé-(bT ATTPAU- 0 1 2 3
712 | PaPHSGt avyd.n @-0T avo0t BhNLEA 0 1 2 3
713 | PUH? A9 20977 I0C 0 1 2 |3
714 | DT @9 APLLN-T NINLD- 11C PTLLASIYT 11C aPF100 ANTAI® 0 1 2 | 3
715 | A&OT F7T 0PLT W8P BATIFA 0 1 2 |3
716 | AT @90 11C 074 OT%T T90F APFTY 1I0C 0 1 2 |3
717 | A28 a@- 190 09920 arhe £09TT INC 0 1 2 |3
718 | 70 eULNP D AL LATITA 0 1 2 | 3
719 | eANA ATPOSA NALANT PANLT £CLF AQTO-A I0C (A9PAA: PAN 9t aoM7 aPeR,a0CE PA 9o aPHAN) 0 1 2 |3
720 | £4 P79° PO &CYT LATITA 0 1 2 | 3
721 | V@ FCTHI° ATLAAD LATITA 0 1 2 | 3
s, 8 ao AT NFHHA. av Lt Nh0 (Y AATP@.A\S avavls aomed
hao &2+ 2 AAPT P90 PR AL NaParChl AP ALT8 4T TOE LA :: ThhAT @L9° eaat avAn AZ8AA AN 204 ::
(A0nP7 avAQPLT NHY 03-F PhO(Y)

w0 hg: TeRPT goCen,
801 KT8 LI, LDt PT D0 Lt @ PO P eAge AP
802 A28 AP T hoeCat -¢n, av&31AF7 PAPD-AL FIC &3 LNFPA=0AST U-\T PAg® h?

aAgeY et o0 aLyt PAOALNT P AA?
803 av @5 +P7 M0N0 L 0hd (9%t AAFATIPE AhLIPP agoihe. av ey tPT PIM- PAg® h?

DR,I° hkavm LM P(x?
804 ©F MA NF AAH @RI N ALOM- A787E L LD HPT RHD: aOh, 8 Livi- PO-F? eAT® h?
805 VFAPFGD- AT U-AT9° a0 85 (FFhhA OOLPA? eAT® h?
806 Pyapav. PARPT PINPA ORI FANTA NAD- h187L, LI FPT dD(L AECMd- PAg® AP

La-P0?
807 a0y Y (10 aP@-01L AATATE APTF PP L1AFPA: ACAP (VNS NHHAP 0P PAg® AP

(PP LI° A1&9° LH, APH 4 avhit NFhhA AdP@.AL: +OATHD. PO PA?
808 4. 0869° /| hAE AAE

U790 ao @Y1 pF P av@(\ 8 AATP@-(1 P77 TInF 00 PNLPT L AA?

3.\t L1 A7
2. \19718 L

1. ANHG O 11
0. U 1h

hae( 190U~ !
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ANNEX IV: Map for the study area
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