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A B S T R A C T

Introduction: Diabetes mellitus is one of the rapidly growing global health concerns of the twenty-first century
ravaging millions of individuals from all across the world. The aim of this study is to evaluate glycemic control
status and its associated factors among diabetes patients on follow-up at referral hospitals of Northwest Ethiopia.
Materials and methods: A cross-sectional study was conducted among diabetes patients between February and June
2020. Four hundred twenty-three randomly selected adult patients were enrolled. Using standardized question-
naire, sociodemographic, behavioral and clinical data were collected. Lipid profiles, fasting blood sugar, glycated
hemoglobin, and anthropometric indicators were determined. Bivariate and multivariate binary logistic regres-
sion analysis was performed.
Result: The magnitude of suboptimal glycemic control was 73.5% (95% CI: 69.29%, 77.71%) among diabetic
patients. Marital status [AOR (95% CI) 0.45 (0.20, 0.99), p < 0.05], medication non-adherence [poor: AOR (95%
CI) 3.55 (1.81, 6.98)], duration with diabetes mellitus [AOR (95% CI) 3.16 (1.89, 5.28), p < 0.05], type of
diabetes (type II referent) [AOR (95% CI) 2.53 (1.47,4.37), p < 0.05], and no use of other drugs [AOR (95% CI)
1.76 (1.05,2.96), p < 0.05] were significantly associated with suboptimal glycemic control.
Conclusion: A considerable number of patients with diabetes had suboptimal glycemic control. The suboptimal
glycemic control has been contributed by marital status, medication non-adherence, duration with diabetes
mellitus, type of diabetes and use of other drugs. These highlights the need for tailored management focusing on
the identified associated factors to maintain good glycemic control.
1. Introduction

Diabetes mellitus (DM) is one of the rapidly growing global health
concerns of the twenty-first century ravaging millions of individuals from
all across the world [1, 2]. Hence, it is likely to become one of the
economically important and most prevalent diseases of the century. More
than 80% of people with diabetes live in low- and middle-income
countries. Ethiopia has the highest number of people (2,652,129 peo-
ple) with diabetes in Africa where it has been projected to have the
highest proportional rise by 2045 [2].

The development of microvascular and macrovascular complications
due to chronic hyperglycemia is a great challenge in the management of
diabetes [3]. Suboptimal glycemic control in diabetes is related with
prolonged dysfunction, damage, and failure of different vital organs [4].
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This is potentially attributed to accumulation of advanced glycation end
products, metabolic imbalances, lipid aberrations as well as oxidative
stress [5]. Clinical trials have shown that optimal glycemic control re-
duces the occurrence of diabetic complications [6, 7, 8]. Therefore, better
management of diabetes needs maintenance of optimum glucose levels to
prevent and early diagnose the complications [7].

By virtue of the complexity of the factors affecting blood glucose
level, the reason for the suboptimal glycemic control status is multifac-
torial. Health professional and patient-related factors such as poor
adherence to treatment, poor health education, diet, lipid abnormalities,
and exercise may affect glycemic control [9].

In Ethiopia, some studies, including a systematic review and meta-
analysis, were conducted evaluating the status of glycemic control and
some factors associated with it [10, 11, 12, 13, 14, 15, 16, 17]. The
November 2020
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systematic review and meta-analysis determined suboptimal glycemic
control to be about 76.8% in Ethiopia. However, modifiable cardiovas-
cular risk factors such as dietary factors, smoking, physical inactivity,
obesity, and dyslipidemia were not studied well in diabetic patients in
the study area in particular. Therefore, this study was aimed to evaluate
glycemic control status and its associated factors among diabetes patients
on follow-up at referral hospitals of Northwest Ethiopia.

2. Materials and methods

2.1. Study design, setting, population, and period

The participants in this laboratory-based cross-sectional study were
patients living with diabetes mellitus and attending the treatment centers
of Debre Markos Referral Hospital and Felege Hiwot Referral Hospital in
Northwest Ethiopia. There are three referral hospitals in Northwest
Ethiopia. An estimated number of over 6000 diabetic patients were on
follow up at the three hospitals. The two hospitals were selected pur-
posively based on patient flow and catchment area and the study par-
ticipants were recruited during their routine follow-up visits using their
registration book as a frame. The study was conducted between February
and June, 2020.

2.2. Inclusion and exclusion criteria

All diabetic patients aged 18 years old and above with least 3 or more
consecutive months measurements (follow up) of fasting blood sugar
were included in the study. Only ambulatory patients who were not
seriously ill were included in the study. Patients who could not be
cooperative and willing to participate were deemed to be excluded from
the study.

2.3. Sample size determination and sampling technique

A sample size of 423, the highest sample size obtained among the
objectives, was taken using a single population proportion formula with
the following assumption: 50% prevalence of suboptimal glycemic con-
trol from similar study [18] enough to represent the target population
required for the objectives of this study, 5% margin of error, 95% con-
fidence interval, and 10 % for non-response. Using sampling frame of the
diabetic patients' record book, simple random sampling technique was
used to select the study participants.

2.4. Variables of the study

Glycemic control status (coded as suboptimal or good.) was consid-
ered as an outcome variable. Sociodemographic (age, gender, educa-
tional level, income, occupation), cardiometabolic factors (body mass
index, waist circumference, hip circumference, blood pressure, lipid
profile), diseases related (comorbidities, complications), behavioral
related (drug use, lifestyle modification), and drug/therapy related fac-
tors (concomitant drug therapy) were considered as predictor variables.

2.5. Data collection procedure

An English version of the data collection tool adapted from the World
Health Organization STEPwise approach to chronic disease risk factor
surveillance [19, 20] and the patient charts were used to design the data
collection tool. Data were collected on socio-demographic and clinical
variables both from patients and their charts. The patient's charts review
was followed by collecting all necessary information about the patient.
Any missed data were filled and corrected by close supervision. The tools
used to collect data on variables such as anthropometric (weight, height,
waist circumference) and blood pressure were standardized prior to be
used for actual patient data collection. All measurements were conducted
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under the standard operating procedure by trained nurses with strict
supervision of the principal investigator.

Information about smoking and alcohol consumption was collected
and the level of physical activity was categorized as active and less active
[21]. Blood pressure (BP) was measured as the average of the last two of
three measurements with the Omron Automatic Inflation Blood Pressure
Monitor taken at intervals longer than 2 min after the patient had been
sitting for at least 30 min. Anthropometric measurements waist circum-
ference (WC) were measured with a flexible inelastic tape placed on the
midpoint between the lower rib margin and the iliac crest in a perpen-
dicular plane to the long axis of the body. The height was determined
without shoes using a portable stadiometer. Weight was measured using
a Tanita scale; patients were fully dressed, without heavy clothing or
shoes. Similarly, biochemical measurements such as fasting blood sugar
(FBS), hemoglobin A1c (HbA1C), and blood lipids were conducted
following laboratory standard operating procedures by a trained labo-
ratory technologist. Blood samples were collected from each participant
on the next appointment after fasting for 8 h using vacutainer blood
collection system to determine FBS, HbA1C, and lipid profiles. Five
milliliters of blood were drawn from each patient's cubital vein. Labo-
ratory analysis of sample was done by laboratory technologists. Serum
samples were analyzed for lipid profile [total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein
cholesterol (LDL-c) and triglycerides (TGs)] using ABX Pentra 400 ma-
chine. Enzymatic colorimetric assay method was used for the measure-
ment of total cholesterol (CHODPAP method) and triglyceride (GPO-PAP
method), while the direct homogeneous enzymatic colorimetric assay
technique was utilized for the measurement of HDL-c and LDLc. FBS level
was measured by glucose oxidase method (GOD-PAP).

2.6. Data processing, analysis, and presentation

The data were cleaned, coded, and entered into Epi Data version 3.1
and exported to the Statistical Package for Social Science (SPSS) version
25 for analysis. Descriptive statistics using frequency distribution were
performed for socio-demographic, epidemiological, clinical, and labora-
tory values. The association for the predictors and outcome variables was
assessed using logistic regression analysis. The factors with P < 0.25 in
the bivariate analysis were included in multivariate logistic regression
analysis. Multivariate analysis using logistic regression was performed to
control the effect of confounding variables and to identify the indepen-
dent predictors of glycemic control. Predictor variables with a p-value of
<0.05 were used to declare statistical significance.

2.7. Operational definition

Patients with an average FBS level of <130 mg/dl and >70 mg/dl or
patients with an HbA1C level of <7% were considered to have good
glycemic control. On the other hand, patients with an average FBS level
of 130 mg/dl and above or patients with an HbA1C level of 7% and more
were considered to have suboptimal glycemic control as per the
guidelines on glycemic targets for diabetes control [22]. FBS is blood
glucose measured from venous blood after 8 hours of overnight fasting or
longer. Average FBS level was computed from the reading of three
consecutive months because HbA1C reflects average glycemia over
approximately 3 months [22].

The NCEP-ATP III 2001 guidelines define MS as having 3 or more of
the following criteria: abdominal obesity (WC� 102 cm for men and�88
cm for women); TG � 150 mg/dl or specific treatment for this lipid ab-
normality; HDL-c � 40 mg/dL in men and �50 mg/dL in women or on
specific treatment for this lipid abnormality; BP � 130/85 mmHg or on
treatment for hypertension; and FBS level of �110 mg/dL or on treat-
ment for diabetes [23]. With IDF 2005 criteria, individuals are consid-
ered to havemetabolic syndrome if they have abdominal obesity (defined
as waist circumference of�94 cm for men and�80 cm for women) plus 2
of any of the following risk factors: (i) elevated triglycerides (�150



Table 1. Socio-demographic and behavioral characteristic of diabetic patients on
follow-up at referral hospitals of Northwest Ethiopia, 2020 (n ¼ 423).

Variables Category Frequency (%)

Age 18–28 105 (24.8)

29–39 72 (17.0)

�40 246 (58.2)

Gender Male 238 (56.3)

Female 185 (43.7)

Educational status No education 150 (35.5)

Elementary 100 (23.6)

High school 86 (20.3)

Diploma 35 (8.3)

Degree/above 52 (12.3)

Marital status Single 78 (18.4)

Married 280 (66.2)

Separated 28 (6.6)

Divorced 15 (3.5)

Widowed 22 (5.2)

Main work status Employed 82 (19.4)

Merchant 54 (12.8)

Farmer 65 (15.4)

Student 20 (4.7)

No job 133 (31.4)

Others 69 (16.3)

Monthly income (ETB) <2000 ETB 273 (64.5)

2000–5000 91 (21.5)

>5000 59 (14.0)

Residence Urban 299 (70.7)

Rural 124 (29.3)

Alcohol intake Yes 91 (21.5)

No 332 (78.5)

Type of diet taken Vegetable often 203 (48.0)

Vegetable rare 220 (52.0)

Smoking Yes 12 (2.8)

No 411 (97.2)

Physical Exercise Active 141 (33.3)

Less active 282 (66.7)

ETB: Ethiopian Birr.
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mg/dl) or specific treatment for this lipid abnormality; (ii) reduced
HDL-C (<40 mg/dl in men and <50 mg/dL in women) or specific
pharmacological treatment for this lipid abnormality; (iii) elevated BP
(systolic BP � 130 or diastolic BP � 85 mm Hg) or pharmacological
treatment of previously diagnosed hypertension; (iv) impaired fasting
serum glucose (�100 mg/dl) or previously diagnosed with type 2 dia-
betes [24].

2.8. Data quality control

The data were collected by using a validated structured interview-
based questionnaire that is adapted from World Health Organization
STEPwise approach tool prepared in English and translated to Amharic
carefully by two persons to check the consistency of the questions. The
questionnaires will be back translated in different literatures. To assure
data quality, high emphasis was given to minimize error, the question-
naire was pretested at 5% (n ¼ 22) of the population at Finote Selam
Hospital prior to one week and subsequent correction and modification
was done when any doubt or difficulty had appeared. The collected data
were checked for completeness, clarity and consistency.

2.9. Ethical consideration

An ethical clearance letter was obtained from Debre Markos Univer-
sity, school of medicine ethical review committee, with a letter serial
number, SOMRCS/09/03/19, and date, 11/19/2019. Then, permission
was obtained from the medical directors of the hospitals before data
collection. Informed consent was taken from the study participants. The
participants were informed that they have the full right to discontinue or
refuse. The laboratory analysis was performed free of charge, and results
were given to clinicians for the betterment of patients' management. The
investigators keep or protect the confidentiality of the information pro-
vided by the respondents as well as other basic ethical principles.

3. Results

3.1. Socio-demographic and behavioral characteristics of participants

Among 423 study participants included in the analysis, 238 (56.3%)
were males. The majority of the study participants (58.2%) were 40 years
old and above. In addition, about 35.5% of the study participants were
not engaged in formal education and most of the participants (66.2%)
were married. One third of the participants had no any work and most of
the patients had monthly income of <2000 ETB (64.5%) and live in
urban area (70.7%). Also, about 52.0% of the study participants used
vegetables rarely. While about 21.5% of the participants had history of
alcohol drinking behavior, only 2.8% of them did smoke cigarette and
majority of them (66.7%) were less active in regular physical activity
(Table 1).

3.2. Diabetic control and other clinical as well as anthropometric related
characteristics

In this study, it has been found that the magnitude of suboptimal
glycemic control (using FBS and HbA1c) and metabolic syndrome among
diabetic patients were 73.5% (95% CI: 69.29%, 77.71%) and 61.9%,
respectively. About one tenth of the participants were underweight and
31.9 % of the patients were either overweight or obese. Concerning the
regional distribution of fat, more than half of the participants had waist
circumference above the cut-off value and about 75.4 % of the patients
had elevated waist to hip ratio which is a better indicator of regional fat
distribution. About 54% of the participants were type II diabetic patients
with 22% of the participants having family history of diabetes and 35.5%
of the study subjects had comorbidity. In addition, about 41.4% of the
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diabetic patients used drugs other than antidiabetic drugs and 46.8% of
the patients had different diabetic complications. Moreover, only one
third of the patients had good drug adherence with 56.3% of the patients
with diabetes duration of more than five years and the most frequent
antidiabetic drug was insulin. Finally, serum TC, TG and LDL levels were
elevated in 23.0%, 31.3%, and 48.7% of the patients, respectively
(Table 2).
3.3. Factors associated with suboptimal glycemic control

In bivariate analysis age, marital status, residence, alcohol intake,
BMI, waist circumference, wait to hip ratio, type of antidiabetic drugs,
type of diabetes mellitus, comorbidity state, other drugs used, adherence
of antidiabetic drugs and duration of diabetes had P value <0.25 and
included in multivariate logistic regression analysis.

In the multivariable analysis, marital status was significantly associ-
ated with suboptimal glycemic control. Married subjects as compared to
single ones were 55% less likely to have suboptimal glycemic level, [AOR
(95% CI) 0.45 (0.20, 0.99), p < 0.05]. Patients with diabetes mellitus for
more than ten years were about 2 times more likely to have suboptimal
glycemic status as compared to their less than ten years counterparts,
[AOR (95% CI) 2.12 (1.09, 4.12), p < 0.05]. As far as drug adherence is



Table 2. Clinical and anthropometric related characteristics of diabetic patients
at referral hospitals of Northwest Ethiopia, 2020 (n ¼ 423).

Variable Category Frequency (%)

Body Mass Index (kg/m2) Underweight 36 (8.5)

Normal 252 (59.6)

Overweight 98 (23.2)

Obese 37 (8.7)

Waist circumference Elevated (�94cm, �80cm) 228 (53.9)

Not elevated 195 (46.1)

Waist to hip ratio Elevated (�0.9, 0.85) 319 (75.4)

Not elevated 104 (24.6)

Type of diabetes Type I 195 (46.1)

Type II 228 (53.9)

Comorbidity state Yes 150 (35.5)

No 273 (64.5)

Family history of diabetes Yes 94 (22.2)

No 329 (77.8)

Diabetes complications No 225 (53.2)

Neuropathy 32 (7.6)

Nephropathy 12 (2.8)

Retinopathy 88 (20.8)

Cardiac 12 (2.8)

Others 54 (12.8)

Another drug therapy Yes 175 (41.4)

No 248 (58.6)

Antidiabetic drug Insulin 244 (57.7)

Oral tablet 167 (39.5)

Both 12 (2.8)

Drug adherence Poor 90 (21.3)

Medium 193 (45.6)

Good 140 (33.1)

Duration of diabetes <5 Years 185 (43.7)

5–10 Years 132 (31.2)

>10 Years 106 (25.1)

Glycemic control Good 112 (26.5)

Suboptimal 311 (73.5)

Low density
lipoprotein-cholesterol (n ¼ 300)

�100 mg/dl 146 (48.7)

<100 mg/dl 154 (51.3)

Triglyceride (n ¼ 300) �150 mg/dl 94 (31.3)

<150 mg/dl 206 (68.7)

Total cholesterol (n ¼ 300) �200 mg/dl 69 (23.0)

<200 mg/dl 237 (77.0)

Metabolic syndrome (n ¼ 119) Yes 73 (61.9)

No 45 (38.1)
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concerned, patents with poor adherence [AOR (95% CI) 3.55 (1.81,
6.98), p < 0.05] and moderate adherence [AOR (95% CI) 3.16 (1.89,
5.28), p < 0.05] were more likely to be at a risk for suboptimal glycemic
control as compared to those with good adherence. In addition, type I
diabetic patients were more likely to have suboptimal glycemic control as
compared to patients with type II diabetic patients [AOR (95% CI) 2.53
(1.47,4.37), p < 0.05]. Finally, those diabetic patients who did not take
drugs for other diseases were about 1.76 times more likely to have sub-
optimal glycemic control as compared to their counterparts, [AOR (95%
CI) 1.76 (1.05,2.96), p < 0.05] (Table 3).

4. Discussion

Favorable glycemic control is the key goal of diabetes management
to prevent and delay complications of the disease so that related
morbidity and mortality decreases [6]. This study, therefore, aimed to
4

assess the magnitude of suboptimal glycemic level and its associated
factors among diabetic patients at referral hospitals of Northwest
Ethiopia. Using FBS and HbA1c tests, the finding of this study showed
that about three-fourth (73.5%) of patients with diabetes had subopti-
mal glycemic status.

The observed magnitude of suboptimal glycemic control status in this
study is comparable with previous related studies conducted among
diabetic patients in southwest parts of Ethiopia [25, 26]. The finding of
this study is also similar to the result of a systematic review and
meta-analysis study carried in Ethiopia [17] and Costa Rica [27]. On the
other hand, the magnitude of glycemic control in the current study was
higher than other related primary studies carried out in Ethiopia [18, 28,
29], Kenya [30], and Zambia [31]. However, the finding in the present
study was lower than those studies reported by other studies in Ethiopia
[32, 33]. The discrepancy between the present study and other studies
can be justified that it could be due to differences in the method of
glucose measurements, genetic, clinical, economical, anthropometric,
and socio-demographic characteristics of the study participants [34].

Marital status, drug adherence, duration with diabetes mellitus, type
of diabetes and use of other drugs for other ailments were significantly
associated with suboptimal glycemic control status. Married subjects as
compared to single ones were 55% less likely to have suboptimal gly-
cemic level. This could partially be explained that there could be
awareness difference about glycemic control [35] and higher levels of
marital intimacy might be related to better diabetes-specific and general
quality of life [36]. Patients with longer diabetes mellitus duration were
more likely to have suboptimal glycemic status. Different related studies
support this finding [17, 37, 38, 39, 40]. By virtue of the chronicity of
diabetes, the response to intensive glucose control worsens over time
making it difficult to maintain good glycemic control [41]. This could
happen due to the progressive impairment of insulin secretion as a result
of β-cell failure [6]. In line with similar studies [42, 43], poor or mod-
erate medication adherence was more likely to be at a risk for suboptimal
glycemic control as compared to good adherence. Suboptimal outcome of
patients who did not comply with the prescribed clinical regimen is
inevitable calling for interventions that improvemedication adherence to
bring about a positive impact on glycemic control.

In addition, suboptimal glycemic control is significantly higher in
type I diabetic patients as compared to patients with type II diabetes. This
is in line with similar studies [44, 45, 46]. Adherence to oral hypogly-
cemic agents might be more than adherence to insulin self-injection
because of different factors. While milder type II diabetes patients are
more easily controlled by diet and/or oral hypoglycemic medications,
patients with type I diabetes are usually treated by insulin or combination
therapy in more severe cases seeking more aggressive treatment to
control their disease. Finally, those diabetic patients who did not take
drugs for other diseases were more likely to have suboptimal glycemic
control as compared to their counterparts. This could be because of the
reason that the presence of comorbidity in diabetes patients worsens the
long-term course of diabetic control [47].

4.1. Strength and limitation of the study

This study did HbA1-c test which is one of the main techniques to
evaluate the effectiveness of the treatment plan of glycemic control. Data
on the type of diabetes (type I and type II) were taken from patients' chart
and no confirmatory test such as glutamic acid decarboxylase 65 anti-
body was done as a biomarker of type I diabetes to differentiate it from
type II. Due to the cross-sectional nature of the study cause–effect rela-
tionship of the independent variables to the outcome variable could not
be made. Because the study is institution based, generalizability for other
diabetic patients could be affected. Recall bias might also be the problem
during measuring self-report of medication to adherence and other
variables.



Table 3. Bivariate and multivariate logistica regression analyses of socio-demographic, anthropometric and clinical risk factors associated glycemic control status of
diabetic patients on follow-up at referral hospitals of Northwest Ethiopia, 2020 (n ¼ 423).

Variable Category Glycemic control Bivariate analysis Multivariate analysis

Suboptimal Good COR (95% CI) P-value AOR (95% CI) P-value

Marital status Single 69 9 1 - 1 -

Married 194 86 0.29 (0.14, 0.62) 0.001* 0.45 (0.20, 0.99) 0.05*

Separated 20 8 0.33 (0.11, 0.96) 0.041* 0.40 (0.12, 1.27) 0.12

Divorced 11 4 0.36 (0.09, 1.37) 0.133 0.56 (0.13, 2.38) 0.43

Widowed 17 5 0.44 (0.13, 1.50) 0.190 0.94 (0.25, 3.59) 0.93

Drug Adherence Good 81 59 1 - 1 -

Moderate 155 38 2.97 (1.82, 4.84) 0.000* 3.16 (1.89, 5.28) 0.000*

Poor 75 15 3.64 (1.91, 6.96) 0.000* 3.55 (1.81, 6.98) 0.000*

Duration of DM <10 years 225 92 1 - 1 -

�10 years 86 20 1.76 (1.02, 3.03) 0.04* 2.12 (1.09, 4.12) 0.027*

Type of DM Type II 146 82 1 - 1 -

Type I 165 30 3.09 (1.92, 4.96) 0.000* 2.53 (1.47,4.37) 0.001*

Other drugs Yes 111 64 1 - 1 -

No 200 48 2.40 (1.55, 3.73) 0.000* 1.76 (1.05,2.96) 0.03*

*Statistically significant.
a Hosmer and Lemeshow Model Fitness Test (p-value: 0.875).
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5. Conclusion and recommendation

In conclusion, a considerable number of patients with diabetes had
suboptimal glycemic control. The suboptimal glycemic control has been
contributed by marital status, medication non-adherence, duration with
diabetes mellitus, type of diabetes and use of other drugs for other ail-
ments. These findings highlight the need for tailored management of
patients focusing on the associated factors identified for suboptimal
glycemic control to maintain good glycemic control. In addition, modi-
fication in the approach and strategies in diabetes care in achieving the
intended glycemic target could be devised.
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