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ABSTRACT

Introduction: The current estimate is that 463
million people worldwide have diabetes. In
2017, an estimated 5 million (9.9%) deaths
worldwide among adults were caused by dia-
betes. The burden of disease associated with
uncontrolled diabetes is substantial in terms of
mortality and cardiovascular disease. The aim of
this study was to assess glycemic control level
and its predictors among adult patients with
diabetes.

Methods: A prospective observational study
was conducted among patients with diabetes
during follow-up at an ambulatory clinic of
Mettu Karl referral hospital from 15 April to 09
August 2019. The consecutive sampling method
was used to collect data, following which the
data were entered into Epidata manager version
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4.4.2 and exported to the SPSS version 24.0
statistical software package for analysis. Logistic
regression analysis was performed to identify
predictors of poor glycemic control. Variables
whose significance level was < 0.05 (p value)
were considered to be predictors of poor gly-
cemic control.

Results: A total of 330 diabetic patients were
included in the study, among whom 240
(72.7%) had poor glycemic control. The pre-
dictors of poor glycemic control in the multi-
variate logistic regression analysis were
overweight [adjusted odds ratio (AOR) 4.07;
95% confidence interval (CI) 1.60, 10.36;
p =0.003], obesity (AOR 4.39; 95% CI 1.59,
12.14; p = 0.004), higher estimated glomerular
filtration rate (eGFR) (AOR 2.34; 95% CI 1.23,
4.44; p = 0.010), type 1 diabetes (AOR 3.22; 95%
CI 1.58, 6.55; p =0.001), poor diet adherence
(AOR 6.95; 95% CI 3.63, 13.32; p < 0.001) and
non-adherence to medications (AOR 5.82; 95%
Cl 2.77, 12.26; p < 0.001).

Conclusion: Almost three-quarters of the study
population of diabetic patients had poorly
controlled blood sugar. Overweight, obesity,
higher eGFR, type 1 diabetics, poor adherence
to diet recommendation and non-adherence to
medications were independent predictors of
poor glycemic control. Educational strategies
should focus on improving adherence to the
recommended diet and medication(s), achiev-
ing weight control and optimizing glycemic
control.
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Key Summary Points

Why carry out this study?

The prevalence of diabetes, which is
associated with a higher risk for serious
life-threatening health conditions, is
rapidly increasing worldwide.

Uncontrolled diabetes is associated with a
substantial mortality and morbidity,
including cardiovascular disease burden.

The aim of this study was to assess
glycemic control level and its predictors
among patients with diabetes.

What was learned from the study?

Almost three-quarters of the study
population of diabetic patients had poorly
controlled blood sugar.

Independent predictors of poor glycemic
control were overweight, obesity, higher
estimated glomerular filtration rate, type 1
diabetics, poor adherence to
recommended diet and non-adherence to
medications.

Educational strategies should focus on
enhancing adherence to recommended
diet and medications and achieving
weight control in order to optimize
glycemic control in this population.

INTRODUCTION

Diabetes mellitus, a chronic metabolic disorder
caused by defects in insulin secretion and/or
action, is characterized by hyperglycemia. Its
prevalence worldwide is rapidly increasing [1],
as reported by the World Health Organization
which estimated that, globally, 422 million
adults aged > 18 years were living with diabetes
in 2014, compared to 108 million in 1980 [2]. In

2019, The International Diabetes Federation
(IDF) estimated that there are 463 million peo-
ple with diabetes worldwide, representing 9.3%
of the global adult population (age 20-79 years).
This number is expected to increase to 578
million (10.2%) in 2030 and to 700 million
(10.9%) in 2045 [3]. More specifically, the
prevalence of diabetes is increasing in develop-
ing countries due to population growth, aging
populations, unhealthy diets, obesity and
sedentary lifestyles [4]. The obstacles to
addressing diabetes in developing countries,
particularly those in Sub-Saharan Africa, are a
limited understanding of its prevalence, modi-
fiable risk factors and complications arising
from under-recognition and/or under-treat-
ment [S]. Ethiopia has been found to have the
highest number of people with diabetes in
Africa, with an estimated 2.6 million people
with diabetes [6].

People with diabetes have an increased risk
of developing a number of serious life-threat-
ening health conditions, resulting in higher
medical care costs, reduced quality of life and
increased mortality [7]. The global healthcare
expenditure on people with diabetes was esti-
mated to be 850 billion U.S. dollars (USD) in
2017. Diabetes contributed directly to approxi-
mately 5 million (9.9%) deaths worldwide
among people aged 20-99 years in 2017, with
about 36.5% or 1.8 million of these deaths
occurring in people aged < 60 years. It also was
associated with 6.0% of all-cause mortality in
the African region [8]. One study revealed that
5.0% of deaths in Ethiopia were attributable to
diabetes [9].

Globally, about 40.0-60.0% of patients with
diabetes have poorly controlled blood glucose
[10]. One study conducted in Sub-Saharan
Africa showed that 74.0% of patients with dia-
betes had poor glycemic control [11] and that in
Ethiopia specifically, a large proportion of
patients with diabetes (65.6-66.8%) were not
able to achieve good glycemic control [6]. Gly-
cemic control remains a challenging task, with
the majority of patients failing to achieve a
good glycemic status. It is affected by factors
such as age, gender, level of education, body
mass index (BMI), alcohol, dietary habits, home
blood glucose monitoring, physical exercise,
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duration of diabetes, family history of diabetes,
medications taken and numerous other factors
[10, 12].

Uncontrolled diabetes is associated with a
substantial mortality and cardiovascular disease
burden [13]. It has been reported that uncon-
trolled diabetes has a greater impact on mor-
bidity and mortality related to the disease in
Sub-Saharan Africa than in any other region in
the world [14]. In Ethiopia, complications aris-
ing from diabetes are higher among those
patients with poor glycemic control [15]. Long
duration of diabetes and poor glycemic control
increase the chances of diabetes-related com-
plications [16], and uncontrolled diabetes can
lead to a number of acute and chronic compli-
cations as well as worsen the quality of life
[17, 18].

Many studies have been conducted to
explore the determinants of glycemic control,
with the results showing that glycemic control
is affected by factors such as longer duration of
diabetes, low level of education, lack of infor-
mation on diabetes, lower income, poor com-
pliance to diet and medication(s), poor attitude
towards the disease, poor self-management
behavior, sedentary living, overweight/obesity,
renal impairment, hypertension and dyslipi-
demia [10, 19, 20]. It has also been reported that
poverty and lack of knowledge affect the con-
trol of diabetes in rural communities [21]. The
association between overweight or obesity,
gender and age of patients, respectively, and
glycemic control has been the aim of a number
of studies, with conflicting results. For example,
one study from the USA showed that obesity
and overweight were strongly associated with
poor glycemic control [22], while a study from
Asia found no relationship between glycemic
control and BMI, waist circumference or central
obesity [23]. It has also been reported that being
female was associated with poor glycemic con-
trol [24, 25], but Mahmoud et al. [26] found
that being male was associated with poor gly-
cemic control. Some studies demonstrated that
glycemic control was more difficult to obtain
with increasing age [25, 27, 28], a result that is
inconsistent with results from other studies
which indicated that younger age was associ-
ated with poor glycemic control [24, 26, 29].

The glycemic level of the majority of diabetic
patients in Ethiopia has been reported to be
poorly controlled [30-33]. One study conducted
at the Jimma University Medical Center found
that 59.4% patients had poor glycemic control
[30]. Another study performed in Addis Ababa
showed that 80% of patients had poor glycemic
control [31], while studies conducted in Dessie
and Gondar reported that 70.8% and 64.7% of
patients with diabetes had poor glycemic con-
trol, respectively [32, 33]. Others studies in
Ethiopia have focused on the factors associated
with poor glycemic control. These studies found
that age, income, triglyceride and low-density
lipoprotein levels and glucometer non-use were
significantly associated with poor glycemic
control [34] and that factors such as low edu-
cational level, longer duration of diabetes, being
a farmer or merchant, combination of insulin
and oral medication and poor medication
adherence, were associated with poor glycemic
control [32, 35].

The aim of diabetes management is to pre-
vent mortality and complications by optimizing
the blood glucose level [36]. Despite the
advanced scientific knowledge in diagnostic
and treatment modalities, a high proportion of
patients with diabetes still have poorly con-
trolled blood glucose [20, 37]. The reasons
underlying this failure to achieve optimal gly-
cemic control are complex and multifactorial
[38]. Consequently, early identification of peo-
ple living with diabetes who are at risk for the
complications of this disease is important as
early disease management with the appropriate
intervention can help to prevent or delay the
burden associated with these complications.

Although a number of studies conducted in
Ethiopia have reported a high prevalence of
poor glycemic control among patients with
diabetics, more studies are needed to generalize
glycemic control level and its predictors at the
national level. To our knowledge, no study has
been conducted to date at the Mettu Karl
referral hospital with the aim to determine
glycemic control and its predictors. All previous
studies performed to evaluate glycemic control
and its determinants in Ethiopia were cross-
sectional studies [30-35]. The study reported
here is a prospective observational study with
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the aim to determine glycemic control levels
among patients with diabetes in Ethiopia and
its predictors.

METHODS

Study Setting and Period

The study was conducted from 15 April to 09
August 2019 at the ambulatory clinic of Mettu
Karl referral hospital, Oromia region, southwest
Ethiopia. The hospital is located in the town of
Mettu, located 600 km southwest of Addis
Ababa, the capital city of Ethiopia. It serves
about 2.5 million people from Ilu Ababor Zone,
Gambella Regional State and the adjacent
Southern Nation and Nationalities Peoples
Region. The healthcare service provided by the
hospital includes an outpatient department,
inpatient services, a critical care unit (intensive
care unit) and an emergency intervention unit.
The hospital also has medical, surgical and
gynecological referral clinics. Overall, the hos-
pital provides healthcare services to approxi-
mately 13,453 inpatients and 80,000
outpatients per year.

Study Design and Population

This study was a healthcare facility-based
prospective observational study. The source
population was all patients attending follow-up
at an ambulatory clinic of Mettu Karl referral
hospital. The study population comprised all
adult patients with diabetes who attended the
ambulatory clinic of Mettu Karl referral hospital
during the data collection period and fulfilled
the inclusion criteria.

Eligibility Criteria

Patients with type 1 and type 2 diabetes aged >
18 years who had started taking antidiabetes
medications were included in the study. The
1-month follow-up schedule for data collection
was used to avoid including the same cases/pa-
tients repeatedly in the analysis as the majority
of patients revisit the clinic every 1 month. The

exclusion criteria were patients with diabetes
unwilling to participate in the study and
patients who were not fasting.

Sample Size Determination and Sampling
Technique

The proportion of patients with diabetes with
poor glycemic control was 59.4%, as reported
from an earlier study conducted at the Jimma
university medical center among the diabetes
patient population [30]. The required sample
size was estimated using the single-population
formula:

(Z2/2)*P(1 - p)
d2

where n = the desirable sample size, Z,,, = 1.96
(the critical value at 95% level of significance),
p=0.594 (proportion of patients with poor
glycemic control), d = 0.05 (level of precision/
acceptable marginal error) and g=1 — p.
Replacing containers with values results in:

(1.96)2(0.594)(0.406)
"= (0.05)2 =371

The total number of patients with diabetes
attending follow-up visits at Mettu Karl referral
hospital was 1560. Therefore, the number of the
source population (N) was 1560. Since the target
population was below 10,000, a finite correction
formula could be applied to obtain a working or
final sample size (nf):

n__ 371 — 300

R

nf

An extra 10% was added to this number to
allow for non-response; thus, the final sample
size was 330 (300 + 30).

All patients with type 1 and 2 diabetes
attending follow-up visits at the ambulatory
clinic of Mettu Karl referral hospital during the
visiting hours of the clinic and who met the
eligible criteria were enrolled in the study. The
consecutive sampling method was used to col-
lect data from patients with diabetes who met
the inclusion criteria.
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Study Variables

The dependent variable was glycemic control
status. The independent variables included
socio-demographic variables (age, sex, educa-
tional status, residence, income, occupation
and BMI), clinical factors (duration of diabetes,
family history of diabetes, type of diabetes, co-
morbidities and estimated glomerular filtration
rate [eGFR]), medication-related variables (type
of antidiabetes medication and polypharmacy)
and diabetes self-care practice and knowledge
factors (self-monitoring of blood glucose
[SMBG], adherence to antidiabetes medication,
knowledge of target blood sugar, personal
knowledge of diabetes, diet adherence, physical
activity, attendance at diabetic educational
session at health facility, alcohol use, chewing/
not chewing chat [also known as khat or qat]
and smoking status).

Validating Methods of Outcome

The treatment outcome of the diabetes patients
participating in the study was assessed in terms
of glycemic control, assessed using fasting blood
sugar (FBS) level. Prior to the collection of a
blood sample for the laboratory test, the patient
was asked to guarantee that he/she had fasted
for a minimum of 8 h immediately prior to the
visit. At each visit the patient was reminded
once again of the requirement to fast for a
minimum of 8 h prior to the laboratory test to
be conducted at the following visit to the out-
patient clinic. The baseline FBS was obtained on
the first day that the patient visited the hospital
during the study period. Month-1, month-2 and
month-3 FBS measurements were made at visits
during the first, second and third month fol-
lowing the initial visit during the study period,
respectively; and the average of these FBS mea-
surements for the three consecutive months
was used in the analysis. The glycemic status
was categorized as good glycemic control if the
average FBS was 80-130 mg/dl and poor gly-
cemic control when > 130 mg/dl. This catego-
rization of glycemic control status is based on
the recommendation in the American Diabetes
Association guideline [39].

Data Collection Instrument

A structured questionnaire and the abstraction
format were used to collect data. This method
was developed following a review of the rele-
vant literature [30-35]. The contents of the
questionnaire and data extraction format
include patient details, clinical investigations,
medications, comorbidities, complications, self-
care practice, duration of diabetes mellitus and
other disease-related issues. The data abstrac-
tion format was used to check and collect
information on medications the patient was
currently taking, laboratory values and disease-
related data. Self-care activities, such as diet,
physical activity, SMBG and adherence to
antidiabetes medications, were assessed using
the Summary of Diabetes Self-Care Activities
[40]. Patient’s knowledge of diabetes was mea-
sured using the 24-item version of the Diabetes
Knowledge Questionnaire [41]. The data were
collected by healthcare professionals (two nur-
ses and two laboratory technologists) and
supervised by two pharmacists.

Data Collection Process

The questionnaire was translated from English
to local languages, such as Afan Oromo and
Amharic. Patient data, such as socio-demo-
graphic characteristics, medication adherence,
self-care activities, knowledge of diabetes and
family history of diabetes, were collected in an
interview with each patient. Patients were also
asked about smoking status, alcohol consump-
tion and whether or not they chewed chat.
Clinical data, current therapeutic regimen and
some laboratory values were obtained from each
patient’s medical records.

Laboratory Measurements

Laboratory tests were performed by laboratory
technologists. Blood sampling consisted of
drawing 5 ml of blood from the antecubital vein
under aseptic conditions using a sterile dispos-
able syringe, collecting the blood sample into
clean and dry vials, with one-half of the blood
sample volume collected in a tube containing an
anticoagulant  (ethylenediaminetetraaceticacid
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[EDTA] for plasma separation and testing) and
the other half collected in a tube without anti-
coagulant (for serum testing). This blood sam-
ple for plasma testing was centrifuged at
3000 rpm for 10 min, and the supernatant
was used for determining the fasting glucose
level. Fasting blood glucose (FBG) was mea-
sured by the glucose oxidase method. The
blood specimen collected in the plain tube
(without anticoagulant) was allowed to clot
and then centrifuged at 3000 rpm for 10 min
for separation of the serum. An enzymatic
colorimetric test method was used to measure
the serum creatinine level using the fully
automated HumaStar 200 clinical chemistry
analyzer (Human Diagnostics [Human Bio-
chemica und Diagnostica GmbH], Wies-
baden, Germany).

Serum creatinine was measured in all par-
ticipants during the data collection period. The
eGFR was calculated using the Modification of
Diet in Renal Disease (MDRD) formula, and the
results were categorized into normal/higher
eGFR (> 90 ml/min/1.73 m?) and reduced eGFR
(< 90 ml/min/1.73 m?).

Anthropometric Measurements

Body weight was measured on an adult weigh-
ing scale to the nearest 0.5 kg, with the patient
wearing light clothes and in bare feet or stock-
ing feet. Height was measured using a standard
height board; the head piece of the height board
was gradually lowered until it reached the
patient’s head and was at a 90° angle with the
measuring scale. The measurements were then
taken to the nearest centimeter. BMI was cal-
culated as weight in kilograms divided by
height in meters squared.

Data Quality Assurance

Four data collectors and two supervisors were
trained for 2 days. The questionnaire was back
translated into English from local languages by
a third person to check its consistency. The data
collection tool was first pretested on 17 (5.0%)
patients with diabetes at the ambulatory clinic
of Jimma University Medical Center to check
the consistency, applicability and

understandability of the questionnaire and
abstraction format. Questions which were
misunderstood were corrected for data collec-
tion. All completed data collection forms was
checked each day for their completeness, con-
sistency, clarity and accuracy by the principal
investigators.

Data Processing and Statistical Analysis

Prior to data entry, data were coded and edited
appropriately by the principal investigators. The
data were then entered into Epidata Manager
version 4.4.2, and following double entry veri-
fication the data were exported to SPSS version
24.0 (IBM Corp., Armonk, NY, USA) for analysis.
Descriptive statistics, such as frequency, pro-
portion, mean and standard deviation (SD), was
used to describe glycemic control and the socio-
demographic, clinical and behavioral charac-
teristics of the patients. Bivariate logistic
regression analysis was used to determine fac-
tors associated with poor glycemic control.
Variables found to be significant at p < 0.25 in
the bivariate analysis were included in the
multivariate logistic regression analysis to
identify predictors of poor glycemic control.
Statistical significance was set at p < 0.0S.

Operational Definitions

Glycemic Control Level. The glycemic control
of each patient was categorized as good if the
3-month average FBS ranged from 80 to
130 mg/dl; a value > 130 mg/dl was consid-
ered to indicate poor glycemic control [39].
FBS. FBS was measured after at least 8 h of
fasting [39].

Diabetes  knowledge.  Participants  who
answered correctly to more than or equal to
one-half of all questions on their diabetes
knowledge were categorized as having a good
knowledge of diabetes; correct answers to less
than one-half of the questions indicted poor
diabetes knowledge.

Diet Adherence. Patients with diabetes who
reported an average of 4-7 days of informa-
tion to the questions on diet were classified as
practicing good dietary habits; those
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reporting < 4 days were classified as having
poor dietary practice.

Physical Activity. Patients with diabetes who
participated in at least 30 min of physical
activity daily or participated in a specific
exercise session were considered to have
adequate physical activity; otherwise, the
patient was classified as having inadequate
physical activity.

SMBG. Patients who performed SMBG at their
respective home for > 3 days during the last 7
days were considered to have performed
SMBG.

Medication Adherence. Patients who took all
the prescribed antidiabetic medications dur-
ing the last 7 days were considered to be
medication adherent.

Co-Morbidity. Patients with any chronic dis-
ease that coexisted with their diabetes were
considered to be co-morbid [42].
Polypharmacy. Polypharmacy was defined as
the use of > 5 medications [43].

BMI. BMI was classified as underweight
(< 18.5 kg/m?), normal weight
(18.5-24.9 kg/m?), overweight (25.0-29.9 kg/
m?) or obese (> 30.0 kg/m?) [44].

Ethical Considerations

The institutional review board of Jimma
University approved the study (reference num-
ber IHRPGC/566/2019), and a Letter of Permis-
sion was forwarded to the administration of
Mettu Karl referral hospital. The study was
conducted in accordance with the Helsinki
Declaration of 1964, and its later amendments.
Each patient provided written informed con-
sent for the use of personal and clinical data. All
data collected were treated with strict confi-
dentiality at all stages of data processing.

RESULTS

Socio-Demographic Characteristics
of the Study Participants

A total of 330 patients with diabetes partici-
pated in this study, of whom 198 were male.

The mean age of the participants was
49.85 £ 14.19 years, and 156 (47.3%) were
between 41 and 60 years of age. About 114
(34.5%) of participants had attained primary
school level education. The most prevalent
occupation among the participants was farmer
(113; 34.2%); more than half (53.6%) of partic-
ipants were urban residents. About 154 (46.7%)
of participants had a monthly income > 1000
Ethiopian Birr (ETB). The mean (+ SD) BMI of
the participants was determined to be
23.89 + 4.27 kg/m?, and 63.6% had a healthy
weight (Table 1).

Diabetes Self-Care Practice and Knowledge
of Diabetes of Study Participants

Almost all participants (96.1%) had never
smoked cigarettes. Regarding alcohol con-
sumption, 18.5% had a history of consuming
alcohol but no longer did so, and 7.9% of par-
ticipants currently consumed alcohol. The
majority (82.4%) of study participants did not
chew chat. One hundred and thirty-one (39.7%)
participants reported following a sufficiently
healthy eating plan during the week preceding
the study period. Assessment of the level of
physical activity of the participants revealed
that 40.3% performed at least 30 min of physi-
cal activity daily during the 7 days immediately
preceding the study period. The prevalence of
non-adherence to antidiabetes medications was
59.1%, 52.4% of participants had a good
knowledge of diabetes and about 22.4% of par-
ticipants were adhering to monitoring their
blood sugar at home (Table 2).

Clinical Characteristics of Study
Participants

The mean (£ SD) duration of diabetes among
the study participants was 7.72 £ 5.91 years,
with 30.9% having a disease duration of > 10
years. Assessment of the family history of dia-
betes revealed that 28.8% of participants had a
positive family history of diabetes . Ninety-eight
(29.7%) study participants had a history of
diabetes ketoacidosis. About 43.3% of study
participants had additional chronic disease(s),
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Table 1 Socio-demographic characteristics of participants in the study conducted at Mettu Karl referral hospital in 2019

Variables Categories Type 1 DM, # (%) Type 2 DM, z (%) Total, z (%)
Sex Male 87 (43.9) 111 (56.1) 198 (60.0)
Female 41 (31.1) 91 (68.9) 132 (40.0)
Age (years) 18-40 70 (72.9) 26 (27.1) 96 (29.1)
41-60 45 (28.8) 111 (71.2) 156 (47.3)
> 60 13 (16.7) 65 (83.3) 78 (23.6)
Educational status No formal education 31 (43.7) 40 (56.3) 71 (21.5)
Primary education (grades 1-8) 47 (41.2) 67 (58.8) 114 (34.5)
Secondary education (grades 9-12) 32 (49.2) 33 (50.8) 65 (19.7)
Tertiary education (college/ 18 (22.5) 62 (77.5) 80 (24.2)
university)
Occupation Farmers 55 (48.7) 58 (51.3) 113 (34.2)
Merchants 43 (44.3) 54 (55.7) 97 (29.4)
Employees 12 (26.7) 33 (73.3) 45 (13.6)
Housewives 6 (14.6) 35 (85.4) 41 (12.4)
Retired 5 (20.0) 20 (80.0) 25 (7.6)
Others® 7 (77.8) 2 (22.2) 9 (2.7)
Residence Urban 55 (31.1) 122 (68.9) 177 (53.6)
Rural 73 (47.7) 80 (52.3) 153 (46.4)
Monthly income (ETB) < 500 20 (51.3) 19 (48.7) 39 (11.8)
500-1000 56 (40.9) 81 (59.1) 137 (41.5)
> 1000 52 (33.8) 102 (66.2) 154 (46.7)
BMI (kg/m?) Underweight (< 18.5) 4 (21.1) 15 (78.9) 19 (5.8)
Healthy weight (18.5-24.9) 106 (50.5) 104 (49.5) 210 (63.6)
Overweight (25-29.9) 11 (18.6) 48 (81.4) 59 (17.9)
Obese (> 30) 7 (16.7) 35 (83.3) 42 (12.7)

Values in table are presented as the number of patients (frequency) with the percentage in parenthesis
BMI Body mass index, DM diabetes mellitus, ETB Ethiopian Birr
* Daily laborers, drivers and students

with hypertension being the most common
comorbidity (39.1% of study participants). The
eGFR was > 90 ml/min per 1.73m? in 196
(59.4%) participants (Table 3).

Patterns of Medication Use Among Study

Participants

Oral antidiabetes drugs were prescribed to
45.5% of the patients, of whom 27.6% were on

a combination

therapy of metformin +
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Table 2 Diabetes self-care activities and knowledge of participants in the study conducted at Mettu Karl referral hospital in

2019
Variables Categories Type 1 DM, # (%) Type 2 DM, n (%) Total, z (%)
Smoking status Never smoked 124 (39.1) 193 (60.9) 317 (96.1)
Yes, previously 4 (33.3) 8 (66.7) 2 (3.6)
Current smoker 0 (0.0) 1 (100.0) 1 (0.3)
Alcohol consumption No, never 89 (36.6) 154 (63.4) 243 (73.6)
Yes, previously 31 (50.8) 30 (49.2) 61 (185)
Yes, currently 8 (30.8) 18 (69.2) 26 (7.9)
Chewing chat No, never 105 (38.6) 167 (61.4) 272 (82.4)
Yes, previously 3 (39.4) 20 (60.6) 33 (10.0)
Yes, currently 0 (40.0) 15 (60.0) 25 (7.6)
Diet adherence Good 46 (35.1) 85 (64.9) 131 (39.7)
Poor 82 (41.2) 117 (58.8) 199 (60.3)
Physical activity Adequate 51 (38.3) 82 (61.7) 133 (40.3)
Inadequate 77 (39.1) 120 (60.9) 197 (59.7)
Drug adherence Yes 50 (37.0) 85 (63.0) 135 (40.9)
No 78 (40.0) 117 (60.0) 195 (59.1)
Knowledge of optimum blood sugar Yes 37 (39.8) 56 (60.2) 93 (28.2)
No 91 (38.4) 146 (61.6) 237 (71.8)
Adherence to SMBG Yes 23 (31.1) 51 (68.9) 74 (22.4)
No 105 (41.0) 151 (59.0) 256 (77.6)
Status of diabetes knowledge Good 56 (32.4) 117 (67.6) 173 (52.4)
Poor 72 (45.9) 85 (54.1) 157 (47.6)
Attended diabetes educational sessions ~ Yes 59 (45.4) 71 (54.6) 130 (39.4)
No 69 (34.5) 131 (65.5) 200 (60.6)
nglBL}deilil ;::blsi/[ are £1§2§Si€§gngsofd?)leo Or:{u;r:ieﬁg of patients (frequency) with the percentage in parenthesis
glibenclamide. Insulin injection was prescribed Glycemic Control Among Study
to 40.3% of the patients. Polypharmacy was Participants
prescribed to 6.7% of study participants. Statin
therapy and aspirin therapy were initiated for The mean (+ SD) baseline FBS level was

12.1 and 10.0% of participants, respectively
(Table 4).

188.28 £ 75.69 mg/dl and the mean 3-month
average FBS was 178.34 £+ 53.73 mg/dl. The
3-month average FBS measurement indicated
that 72.7% of study participants had poor gly-
cemic control (Table 5).
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Table 3 Clinical characteristics of participants in the study conducted at Mettu Karl referral hospital in 2019

Variables Categories Type 1 DM, z (%)  Type 2 DM, n (%)  Total, = (%)
Duration of DM (years) <10 82 (36.0) 146 (64.0) 228 (69.1)
> 10 46 (45.1) 56 (54.9) 102 (30.9)
Family history of DM Yes 20 (21.1) 75 (78.9) 95 (28.8)
No 108 (46.0) 127 (54.0) 235 (71.2)
History of DKA Yes 70 (71.4) 28 (28.6) 98 (29.7)
No 58 (25.0) 174 (75.0) 232 (70.3)
Presence of comorbidities Yes 48 (33.6) 95 (66.4) 143 (43.3)
No 80 (42.8) 107 (57.2) 187 (56.7)
Type of comorbidities Hypertension 43 (33.3) 86 (66.7) 129 (39.1)
Heart failure 4 (20.0) 16 (80.0) 20 (6.1)
Asthma 4 (50.0) 4 (50.0) 8 (2.4)
Ischemic heart discase 0 (0.0) 7 (100.0) 7 (2.1)
Others® 2(25.0) 6 (75.0) 8 (2.4)
Presence of complications Yes 35 (27.6) 92 (72.4) 127 (38.5)
No 93 (45.8) 110 (54.2) 203 (61.5)
Type of complications Neuropathy 4 (17.7) 65 (82.3) 79 (23.9)
Retinopathy 6 (39.0) 25 (61.0) 41 (12.4)
Nephropathy 6 (18.8) 26 (81.2) 32 (9.7)
Others® 1(167) 5 (83.3) 6 (1.8)
Serum Creatinine (mg/dl) Normal 114 (39.4) 175 (60.6) 289 (87.6)
Increased 14 (34.1) 27 (65.9) 41 (12.4)
¢GFR (ml/min per 1.73 m*) > 90 88 (44.9) 108 (55.1) 196 (59.4)
<90 40 (29.9) 94 (70.1) 134 (40.6)

Values in table are presented as the number of patients (frequency) with the percentage in parenthesis
DKA Diabetes ketoacidosis, DM diabetes mellitus, eGFR estimated glomerular filtration rate
* Stroke, toxic goiter and human immunodeficiency virus (HIV)

b Impotency and foot ulcer

Factors Associated with Poor Glycemic
Control

The association between independent variables
and the dependent variable, glycemic control
status, was investigated using both univariate
and multivariate logistic regression. Univariate
logistic regression analysis revealed that factors

associated with poor glycemic control included
age 18-40 years [crude odds ratio (COR) 1.79;
95% CI 0.90, 3.56; p = 0.095], no formal edu-
cation (COR 4.24; 95% CI 1.78, 10.09;
p =0.001), duration of diabetes > 10 years
(COR 2.36; 95% CI 1.31, 4.25; p = 0.004), over-
weight (COR 2.66; 95% CI 1.24, 5.73;
p =0.012), obesity (COR 2.39; 95% CI 1.01,
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Table 4 Patterns of medication use among participants in the study conducted at Mettu Karl referral hospital in 2019

Variables Type 1 DM, z (%)  Type 2 DM, n (%)  Total, n (%)
Insulin alone 107 (80.5) 26 (19.5) 133 (40.3)
Metformin alone 6.0) 47 (94.0) 0 (15.2)
Glibenclamide alone 0.0) 9 (100.0) 9 (2.7)
Insulin + metformin combination therapy 18 (38.3) 29 (61.7) 47 (14.2)
Metformin + glibenclamide combination therapy 1(1.1) 90 (98.9) 91 (27.6)
Polypharmacy

Yes 4 (182) 18 (81.8) 22 (67)

No 124 (40.3) 184 (59.7) 308 (93.3)
Statin therapy

Yes 4 (10.0) 36 (90.0) 40 (12.1)

No 124 (42.8) 166 (57.2) 290 (87.9)
Aspirin therapy

Yes 3 (9.1) 30 (90.9) 33 (10.0)

No 125 (42.1) 172 (57.9) 297 (90.0)

Values in table are presented as the number of patients (frequency) with the percentage in parenthesis

Table 5 Fasting blood sugar measurements among participants in the study conducted at Mettu Karl referral hospital in

2019

FBS measurements Mean £ SD

Glycemic control status

Good (80-130 mg/dl)

Poor (> 130 mg/dl)

Baseline 188.28 £ 75.69
Month-1 184.10 £ 77.20
Month-2 176.08 £ 68.92
Month-3 174.85 £ 63.36

178.34 £ 53.73

Three-month average

85 (25.8) 245 (74.2)
103 (31.2) 227 (68.8)
101 (30.6) 229 (69.4)

98 (29.7) 232 (70.3)

90 (27.3) 240 (72.7)

FBS measurements are presented as the measure or 3-month average value (in mg/dl) with the standard deviation given in

parenthesis

EBS Fasting blood sugar

5.67; p =0.047), higher eGFR (COR 2.05; 95%
CI 1.25, 3.34; p = 0.004), poor diet adherence
(COR 8.68; 95% CI 4.96, 15.21; p < 0.001),
physical inactivity (COR 1.73; 95% CI 1.06,
2.82; p = 0.029), non- adherence to medications
(COR 6.98; 95% CI 3.86, 12.62; p < 0.001], poor
knowledge of optimum blood sugar level (COR

3.73; 95% CI 2.22, 6.27; p <0.001), poor
knowledge of diabetes (COR 1.85; 95% CI 1.12,
3.04; p = 0.016), type 1 diabetes (COR 2.10; 95%
CI 1.24, 3.58; p =0.006) and insulin therapy
(COR 1.69; 95% CI 0.99, 2.88; p = 0.056).

All factors associated with p value of < 0.25
on the univariate analysis were included in the
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multivariate logistic regression analysis, which
revealed that overweight, obesity, higher eGFR,
poor diet adherence, non-adherence to medi-
cations and type 1 diabetics were significantly
associated with poor glycemic control. Com-
pared to patients with a normal healthy weight,
poor glycemic control were 4.07-fold more
likely in overweight patients [adusted odds ratio
(AOR) 4.07; 95% CI 1.60, 10.36; p = 0.003] and
4.39-fold more likely in obese patients (AOR:
4.39; 95% CI 1.59, 12.14; p = 0.004). The like-
lihood of poor glycemic control was about 2.34-
fold more likely among participants who had an
eGFR > 90 ml/min/1.73 m? when compared to
those who had an GFR < 90 ml/min/1.73 m?
(AOR 2.34; 95% CI 1.23, 4.44; p = 0.010). Par-
ticipants with type 1 diabetics were 3.22-fold
more likely to have poorly controlled blood
sugar as compared to those with type 2 diabetics
(AOR 3.22; 95% CI 1.58, 6.55; p = 0.001). The
likelihood of poor glycemic control was almost
sevenfold more likely among participants who
did not adhere to the recommended diet than
among those you did (AOR: 6.95; 95% CI 3.63,
13.32); p <0.001) and 5.82-fold more likely
among those who did not adhere to their
antidiabetes medication than among those you
did adhere to their therapeutic regimen (AOR
5.82, 95% CI 2.77, 12.26; p < 0.001) (Table 6).

DISCUSSION

Glycemic control plays a key role in preventing
diabetes-related complications. Persons with
uncontrolled diabetics are at a much higher risk
of complications, such as retinopathy,
nephropathy, neuropathy and cardiovascular
disease. The adequacy of glycemic control in
diabetes is also important in reducing morbidity
and mortality of the disease [24, 45, 46]. The
most effective method to avoid or delay these
complications and to prevent target organ
damage is to achieve the glycemic target [23].
In this study we assessed glycemic control
level and its predictors among diabetic patients
in Ethiopia. The proportion of patients with
poor glycemic control in our study population
was 72.7%, which is comparable to results
reported from studies in northeast Ethiopia

(70.8% with poor glycemic control [32]), in
Uganda (73.5% with poor glycemic control
[47]) and in Brazil (76.0% with inadequate gly-
cemic control [48]). However, this result was
higher than the 59.4% reported from a study in
Jimma, southwest Ethiopia [30], 61.9% from a
study in Mekele, north Ethiopia [34], 64.7%
from a study in Gondar, north Ethiopia [33] and
60.5% from a study in Kenya [49], with all of
these studies also including patients with type 1
and 2 diabetes. This discrepancy may be due to
the use of HbAlc in all these studies to assess
glycemic control. Alternatively, differences in
culture, environmental factors and genetics
may have affected glycemic control.

We observed that patients with poorly con-
trolled blood glucose were more likely to be
overweight or obese patients when compared to
those with a healthy weight. This result corre-
lates with a study in the USA which reported a
statistically significant association between
being overweight or obese and poor glycemic
control [22]. Studies in Saudi Arabia and India
have also demonstrated that overweight and
obesity are determinants of poor glycemic con-
trol [10, 50]. One explanation for this effect of
overweight or obesity is the consumption of
food with a high content of carbohydrates and
high glycemic index, which increases fat storage
and makes it more difficult for persons with
diabetes to their control blood sugar level.
Excessive storage of fat and high glucose levels
due to carbohydrate overconsumption con-
tribute to poor glycemic control [26].

The findings of this study show that patients
with diabetes with a higher eGFR were more
likely to have poorly controlled blood glucose
than those who had a reduced eGFR. This result
is consistent with those reported from a number
of earlier studies. In one study conducted in the
USA, the authors reported that higher eGFR was
related to poor glycemic control [51]. Tsuda
et al. suggested that their results indicated that
serum creatinine levels are lower in diabetic
patients than in their nondiabetic counterparts,
possibly leading to a higher eGFR in the former.
They also suggested that sustained elevations of
plasma glucose might lead to increased eGFR in
patients with diabetes [52], and Naderpoor et al.
reported that that higher eGFR has been
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associated with insulin resistance, even in
healthy individuals [53].

Our analyses determined that those partici-
pants who did not adhere to their recom-
mended diet were more likely to have poorly
controlled blood glucose than participants who
did adhere to the recommended diet. Consis-
tent with this result, a study in Gulf Coopera-
tion Council Countries demonstrated that poor
compliance to diet control is significantly
associated with poor glycemic control [19].
Studies conducted in India and Turkey have
also reported that poor compliance to diet rec-
ommendation contributes to poor glycemic
control [37, 46]. It is obvious that lifestyle
modifications, such as compliance to the rec-
ommended diet, are very important strategies
for controlling patients’ blood sugar. Thus, poor
adherence to a recommended diet might make
it more difficult to control blood sugar.

There was a significant association between
medication adherence and poor glycemic con-
trol. Participants who failed to adhere to their
prescribed medications were more likely to have
poor glycemic control. This finding is similar to
those from previous studies, including one
conducted in FEthiopia (Gondar and Jimma)
[33, 35] and another conducted in Tanzania,
with the latter demonstrating that patients with
poor adherence to prescribed antidiabetes
medications had significantly poor glycemic
control [25]. Adherence to prescribed antidia-
betic medications is crucial to reach glycemic
control as non-adherence with blood glucose-
lowering drugs is associated with higher HbAlc
[54]. Therefore, poor glycemic control could be
a result of poor adherence to antidiabetes
medications.

According to our study results, the propor-
tion of patients with poor glycemic control was
higher among those with type 1 diabetes than
among those with type 2 diabetes. This finding
is similar to results from a study conducted in
Brazil which reported that the rates of inade-
quate glycemic control were higher in patients
with type 1 diabetes than in patients with type 2
diabetes [48]. A study conducted in Gondar,
Ethiopia also observed that glycemic control
was less likely to be controlled in patients with
type 1 diabetes [33]. One possible explanation

for the poorer glycemic control in patients with
type 1 diabetes as compared to those with type 2
diabetes might be that the absolute deficiency
of insulin which causes type 1 diabetes mellatus
may result in the body being less responsive to
externally administered insulin. Another
explanations may be that type 1 diabetes may
be the consequence of inappropriate storage of
insulin, measuring an incorrect dose of insulin,
inappropriate insulin injection technique and
inappropriate site of administration.

We observed that the age of the participants
in our study was not significantly associated
with glycemic control in the multivariate anal-
ysis. This finding is inconsistent with those
reported from studies carried out in Iran and
Saudi Arabia, both of which reported that gly-
cemic control is significantly associated with
age and that poor glycemic control is more
likely with increasing age [27, 28]. One expla-
nation for the results of these latter studies is
that the severity of diabetes increases over time;
as such, it will be more difficult to control gly-
cemic level in later life when this was not
achieved early after diagnosis [26]. In contrast, a
number of other studies have indicated that a
younger age is associated with poor glycemic
control, as shown in studies conducted in Saudi
Arabia [24], Malaysia [26] and Japan [29], all of
which showed that glycemic control was more
difficult among younger ages [26].

We also found that there was no relationship
between the gender of the study participants
and glycemic control. In contrast, a study con-
ducted by Harrabi et al. [24] in Saudi Arabia
reported that being female was associated with
poor glycemic control while a study by Demoz
et al. [S5] in Ethiopia also reported that being
female was significantly associated with poor
glycemic control. One possible reason for this
gender difference may be that it is the female
who is usually the caregiver for the entire family
(including not only the husband and children
but also mother and mother-in-law), which
might increase her domestic responsibilities.
However, a study done by Mahmood et al. [26]
in Malaysia found that being male associated
with poor glycemic control. The finding in this
latter study may be due to local and regional
phenomena as most other studies have found
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that gender is not associated with glycemic
control [24].

One of the limitations of this study was the
use of FBS to assess glycemic control level since
the HbAlc test was not available in the study
area. Measurements of FBG levels provide a
short-term picture of control. Measurement of
HbA1lc is now universally accepted as the most
reliable indicator of long-term glycemic control
because it accurately reflects an individual’s
blood glucose levels over the preceding 2—
3 months [37]. Another limitation of our study
was that data on such variables as medication
adherence, physical exercise and diet adherence
were obtained by self-report and may be limited
by recall bias.

CONCLUSION

The results of this study indicate that the
patients with diabetes in Mettu Karl referral
hospital generally have poor glycemic control.
Almost three-quarters of the study participants
had poorly controlled blood sugar. We also
demonstrated that poor glycemic control was
significantly associated with overweight, obe-
sity, higher eGFR, poor diet adherence, non-
adherence to medications and type 1 diabetics.
Based on these results, we suggest that the
educational approaches provided by healthcare
providers should focus on enhancing measures
focused on improving dietary control, drug
adherence and weight control and optimizing
glycemic level. Healthcare providers should
clearly focus on the importance of good gly-
cemic control so that patients can be protected
from the complications of diabetes and poten-
tially avoidable glycemic burden.
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