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Background: Poor glycemic control is one of the most determinant factors for
type 2 diabetes-related morbidity and mortality. The proportion of type 2 diabetes
mellitus with poor glycemic control remains high. Yet evidences on factors
contributing to poor glycemic control remain scarce. The aim of this study is to
identify determinants of poor glycemic control among type 2 diabetes mellitus
patients at a diabetes mellitus clinic in University of Gondar Comprehensive
Specialized Hospital, Northwest Ethiopia.

Methods: A hospital-based case-control study was conducted from June to
September 2020. Using convenience sampling techniques, a total of 90 cases
and 90 controls with type 2 diabetes were recruited. The data were entered into
Epidata version 4.6.0.2 and analyzed by Stata version 14. A multivariable logistic
regression analysis was performed to assess the association between independent
variables and glycemic control. Both 95% CI and p-value<0.05 were used to
determine the level and significance, respectively.

Results: The mean age ( + standard deviations) for the cases and controls were 57.55
+ 10.42 and 61.034 8.93% respectively. The determinants of poor glycemic control
were age (Adjusted odd ratio (AOR)= 0.08; 95% Cl= 0.02-0.33), inadequate physical
exercise (AOR = 5.05; 95% Cl = 1.99-11.98), presence of comorbidities (AOR = 5.50;
95% ClI = 2.06-14.66), non-adherence to anti-diabetes medications (AOR= 2.76;
95% Cl=1.19-6.40), persistent proteinuria (AOR=4.95; 95% Cl=1.83-13.36) and high-
density lipoprotein less than 40 mg/dl (AOR=3.08; 95% Cl= 1.30-7.31).

Conclusions: Age less than 65 years, inadequate physical exercise, presence of
comorbidities, non-adherence to anti-diabetes medications, persistent proteinuria,
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and high-density lipoprotein less than 40 mg/dl were the determinants of poor
glycemic control. Therefore, targeted educational and behavioral modification
programs on adequate exercise and medication adherence should be routinely
practiced. Furthermore, early guideline-based screening and treatment of
comorbidities and complications is required to effectively manage diabetes mellitus.
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Background

Diabetes mellitus (DM) is a metabolic disorder that is
characterized by chronic hyperglycemia due to defects in insulin
secretion, insulin action, or both. Type 2 diabetes accounts for more
than 90% of all diabetes worldwide (1). The glycemic control of DM
patients can be delineated as adequate glycemic control when blood
sugar level is near to normal and chances of DM-related
complications are low, and poor glycemic control when blood sugar
level is too high and chances of diabetes-related complications are
high (2). Globally, more than 537 million adults (10.5% of the world’s
adult population) live with diabetes. This number is predicted to rise
to 643 million adults by 2030 (11.3% of the world’s adult population)
due to changes in lifestyle. Of these, more than 50% of diabetes live in
low- and middle-income countries (3). Different studies in Sub-
Saharan Africa showed that the burden of DM in Sub-Saharan
countries is increasing despite low infrastructures for diabetic care
(4, 5). Studies done in Ethiopia showed that the prevalence of DM was
in the range of 5.1% - 14% (6, 7).

Studies done in different parts of Sub-Saharan Africa revealed that
the majority of DM patients had poor glycemic control (8, 9).
Similarly, different hospital-based studies done in Ethiopia showed
that the burden of poor glycemic control ranged 52% -80% (10-12),
and diabetes-related burden is expected to be high.

The morbidity and mortality of DM is due to uncontrolled
hyperglycemia related to glycated products (2). Multiple clinical
trials showed that intensive blood glucose control correlated with a
reduction in complications of DM (13, 14). Early intensive glycemic
control of type 2 DM is associated with reduction of diabetes mellitus
complications persisting for more than 10 years (15).On the contrary,
even short periods of hyperglycemia can increase the risk of diabetes-
related complications (16). This highlights the importance of
establishing good glycemic control as early as possible.

Since blood glucose level is affected by multiple factors, poor
glycemic control is multifactorial and tailspins. Different studies on
type 2 DM patients showed patients with long duration of diabetes,

Abbreviations: ADA, American diabetes association; AOR, adjusted odd ratio;
BMI, body mass index; CVD, cerebrovascular disease; CI, confidence interval; CHD,
Coronary heart disease; DM, diabetes mellitus; FBS, fasting blood sugar; GFR,
glomerular filtration rate; HbAlc, hemoglobin Alc; HDL, high-density lipoprotein;
LP, lipid profile; LDL, low-density lipoprotein; MMAS-8, morisky Medication
Adherence Scale-8; SD, standard deviations; SBP, systolic blood pressure; TAG,
triglyceride; UoGCSH, University of Gondar Compressive Specialized Hospital.
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lower level of education, higher BMI, dyslipidemia, inadequate
physical exercise, poor adherence to medications, and not regularly
performing home glucose tests were associated with poor glycemic
control (17-19). Another study done in Sub-Saharan countries
showed that glycemic control is not affected by education-level,
presence of comorbidities, smoking, alcohol intake, type of
treatments, measuring blood glucose at home, and body mass
index (10).

Cross-sectional studies done in different parts of Ethiopia showed
that poor glycemic control is associated with illiteracy, long duration
of diabetes illness, poor medication adherence, inadequate follow-up,
low level of education, combination therapy, presence of
comorbidities and poor utilization of glucometer for self-
monitoring (11, 17, 20-22).

There is also a program called the Healthy People 2020 Program,
which is aimed at reducing the risk of type 2 diabetes and its
complications (23). To achieve the goals of this global program,
evidence-based interventions targeting determinants of poor glycemic
control are essential.

Though there are cross-sectional studies done in Ethiopia,
inconsistencies are seen between the variables that are associated
with poor glycemic control. In addition, these cross-sectional studies
don’t show the relations between the dependent and independent
variables. Most studies also use fasting blood sugar (FBS) level to
define poor glycemic control, although hemoglobin Alc (HbAlc) is
the preferred method. Moreover, previous studies didn’t encompass
modifiable cardiovascular risk factors such as dyslipidemia, obesity,
physical exercise, and smoking. Therefore, this study aimed to
identify determinants of poor glycemic control including modifiable
cardiovascular risk factors, by using HbAlc to define poor glycemic
control among type 2 diabetes mellitus patients at the diabetes
mellitus clinic of the University of Gondar Compressive Specialized
Hospital (UoGCSH), Northwest Ethiopia in 2020. The findings of this
study will help improve glycemic control and decrease diabetes
mellitus complications.

Materials and methods
Study settings and design
A hospital-based unmatched case-control study was conducted

from June 5 to September 25, 2020, at the University of Gondar
Comprehensive Specialized Hospital diabetes mellitus follow-up

frontiersin.org


https://doi.org/10.3389/fendo.2023.1087437
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Legese et al.

clinic. The hospital is located in Gondar town, which is 657 km away
from Addis Ababa, the capital city of Ethiopia. The hospital has more
than 950 beds and serves as a tertiary referral hospital providing
specialized care for nearly 15 million people. The diabetes clinic,
which was established in 1985, provides service to more than 5000
diabetes mellitus patients per year. On average, 45 DM patients are
seen in the clinic daily from Monday to Friday. Routine clinical and
laboratory evaluations, which include fasting blood sugar at each visit;
annual retinal examination; serum creatinine and simple urine
analysis, and cardiovascular disease screening including
electrocardiography and echocardiography when needed,
are delivered.

Population

The source population for this study were all type 2 DM patients
who had regular follow-up at the diabetes clinic of UoGCSH and the
population of study were all type 2 DM patients who visited the
diabetes clinic of UoGCSH during the data collection period. Cases
were patients with type 2 DM who had poor glycemic control, and
controls were patients with type 2 DM who had good
glycemic control.

Sampling size and sampling procedure

Epi Info software version 7.2 was used to calculate sample size
with the parameters of significance = 95%, power = 80%, odd ratio =
4.05. The odd ratio was taken from a study conducted in Public
Hospitals of the Central Zone, North Ethiopia (24). The case-to-
control ratio was 1:1; the proportion of controls with exposure was
57.8%, and the proportion of cases with exposure was 79.3%.
Assuming a non-response rate of 5%, the sample size for controls
and cases was 90, which makes the overall sample size
180. A convenience sampling procedure was used to recruit
study participants.

Data collection

Data were collected using a structured questionnaire by one
medical doctor and one nurse after orientation was given on how
to fill out the questionnaire. Patients were interviewed for socio-
demographics, alcohol history, smoking history, adherence to
medication, and self-care activity. Physical examinations
including measurements of height, weight, and blood pressure
were performed. Patient records were reviewed to obtain relevant
medical histories like duration of illness, documented
complications, and comorbidities. Laboratory results that were
done within one year, such as: creatinine, lipid profile (LP), and
albuminuria from urine analysis were reviewed from patient
records. One ml of venous blood was taken from each patient
to determine HbAlc through a Cobas kit by a trained nurse
during data collection. Laboratory results were given to patients,
and diabetes care was given to all patients based on the
HbAlc results.
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Measurements

Blood pressure was measured after the participants stood with
arms at the sides, feet positioned close together, and relaxed for 5
minutes. The height was measured to the nearest centimeter. Weight
was measured to the nearest kg using a calibrated instrument. Body
mass index (BMI) was calculated as weight divided by the square of
height (kg/m2). Glomerular filtration rate (GFR) was calculated by
the CKD-EPI-Creatinine 2009 equation, which uses serum creatinine,
age, and sex of patients. The CKD-EPI equation expressed as a single
equation = 141 x min (Scr/x,1)o x max (Scr/x, 1)-1.209 x 0.993Age x
1.018 [if female] _ 1.159 [if black], where Scr is serum creatinine, X is
0.7 for females and 0.9 for males, o is -0.329 for females and -0.411 for
males, min indicates the minimum of Scr/xor 1 (25).

Data quality assurance

The structured questionnaire was developed from different
related studies. Data quality was assured by checking the
completeness of filled questionnaires and supervision. The
questionnaire was pretested on 10% of diabetes mellitus patients of
the total sample size. Those patients who were included in the pre-
testing were not included in the actual data collection. After the
collection of data, a specific marker (HbA1c-PGC) on the chart was
used to avoid repetition.

Study variables

The dependent variable of this study was poor glycemic control
whereas the independent variables were socio-demographic
characteristics (age, sex, religion, marital status, residency,
educational status, economic status, and occupation), lifestyle-
related characteristics (exercise, alcohol drinking, and smoking),
DM and comorbidity related characteristics (duration of DM,
presence of comorbidities, and self-monitoring of blood glucose),
anti-DM medication-related characteristics (types of anti-DM
medications, duration of medications, and adherence to anti-DM
medications) and physical examination (BP and BMI), and laboratory
results (serum creatinine, proteinuria, serum high-density lipoprotein
(HDL), low-density lipoprotein (LDL), total cholesterol, and
triglyceride (TAG).

Operational definitions

Type 2 DM patients stands for those adults diagnosed by a
physician as having Type 2 DM. Good glycemic control is defined
as HbAlc less than 8%, where as Poor glycemic control is HbAlc
greater than or equal to 8% (2)

Hemoglobin Alc (HbAlc) test is a blood test that shows an
average of the blood sugar level over the past 90 days and represents it
in percentage. The main advantage of HbAlc is to reflect the
cumulative glycemic control of the body in the preceding two to
three months and correlates well with the risk of long-term diabetes
complications unlike FBS. The drawback of HbAlc is that the result
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will not be reliable in conditions affecting red blood cell life span,
hemoglobin, and anemia (26)

Adherence coincides with patients behavior to stick to
professional advice, relationship as part of the process of care,
outcome and process targets, taking the medication as prescribed
(27). Adherent Patients are those who score 0 based on Morisky
Medication Adherence Scale-8 (MMAS-8) and non-adherent Patients
are those who score 1-8 based on Morisky Medication Adherence
Scale-8 (MMAS-8) (28).

Adequate physical exercise is engagement in moderate-to-
vigorous intensity exercise for 150 minutes or more per week for at
least 3 days/week, with no more than 2 consecutive days without
activity (29). Smoker refers to a person who has smoked at least 100
cigarettes in his or her lifetime (30). A bad alcohol drinking habit is
drinking more than a standard drink or those with the habit of binge
drinking or who have an alcohol addiction (31).

Data processing and analysis

The collected data were entered and cleaned with Epidata version
4.6.0.2 and exported to Stata version 14 software packages for data
management (extraction, re-coding, and categorization) and
statistical analysis (for assessing determinants of poor glycemic
control). The data were recoded as Bernoulli random variable and
analyzed for its descriptive statistics, and both bivariable and
multivariable multilevel analysis were employed. Variables with a p-
value <0.20 in the bivariable analysis were eligible for multivariable
analysis. In the multivariable analysis, an adjusted odds ratio (AOR)
with a 95% confidence interval (CI) was reported and variables with a
p-value <0.05 were taken as significant predictors of poor
glycemic control.

Ethical consideration

Ethical approval was obtained from the University of Gondar,
College of Medicine and Health Sciences, School of Medicine, Ethical
Review Committee with the reference number of SoM1887/02/2020.
Study participants were recruited after informed oral consent was
obtained. Participants were informed about the objective, benefit, and
procedure of the study. HbAlc was determined from serum for free.
For those who had poor glycemic control, care was given as per the
recommendations of American diabetes association (ADA) guidelines.

Results

Socio-demographic characteristics
of participants

The study was conducted on 180 type 2 diabetes mellitus patients,
90 cases, and 90 controls, of which 53.3% and 54.4% were females,
respectively. The mean + SD age of the respondents was 57.55 + 10.42
and 61.03+ 8.93% of cases and controls, respectively. The majority of
the study participants (46.7% of cases; 47.8% of controls) were in the
age group “50-64 years”. Three-fourths of cases and two-thirds of
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controls were married. Thirty-seven percent of cases and 44.4% of
controls had no formal education. More than 90% of participants for
both cases and controls live in urban areas (Table 1).

Diabetes self-care activities and behavioral
characteristics of participants

This study showed that one hundred seventy-six (97.8%) of the
study participants were nonsmokers, whereas 89% of cases and 86.7%
of controls had no bad drinking habits. More than one-third (33.3%)
of the cases and 81% of the controls have been involved in regular
adequate physical exercise. Less than a quarter of participants in both
cases (21%) and controls (24%) check their blood glucose on regular
basis at home (Table 2).

Selected clinical characteristics
of participants

The duration of diabetes was greater than 7 years in 61.1% of the
cases and 71.1% of the controls. Less than a quarter of cases (23.3%)
and 27.8% of controls had DM-associated complication. 52.4% of
cases, and 28% of control had nephropathy. Fifty six percent of
controls, and 14.3% of cases had coronary heart disease. Forty four
percent of controls and 14.3% of cases had cerebrovascular disease.
Eighty-two percent of cases and 58.9% of controls had comorbidities,
of which 88.7% of controls had hypertension, and 77% of cases had
dyslipidemia. Less than half of the participants (43.3% of cases and
45.6%of controls) had normal body mass index Table 3 and
Figures 1, 2.

Medication-related characteristics
of participants

In this study, almost all (97.2%) of the participants were on
medication; of these, one-third of participants were on dual oral anti-
diabetes medication in both cases and controls. Less than a quarter of
participants in cases (23%) and controls (24%) were on insulin.
Among those on medication, more than half of cases (54%) and
9.1% of controls were not adherent to their medications
(Table 4; Figure 3).

Selected biochemical parameters
of participants

For all participants, laboratory profiles such as fasting blood
sugar, lipid profile, serum creatinine, and urine analysis were
determined. The majority (82.2%) of participants from cases and
more than half (54.5%) of participants from controls had fasting
blood glucose level of more than 140mg/dl. Fifty percent of cases and
14.4% of controls had persistent proteinuria. The mean total
cholesterol was 40.22 + 10.22 in cases and 38.8 + 9.22 in controls.
More than half (58.9% in cases and 53.3% in controls) of the
participants had LDL higher than 100mg/dl (Table 5).
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TABLE 1 Socio-demographic characteristics of type 2 diabetes mellitus
patients at DM clinic of UoGCSH, Northwest Ethiopia, 2020 (Total number
(N)=180) .

Variables Total N (%)

Glycemic control

Case N (%) Control N (%)

Age category

35-49 22 (24.4) 7 (7.8) 29 (16.1)
50-64 42 (46.7) 43 (47.8) 85 (47.2)
65-80 26 (28.9) 40 (44.4) 66 (36.7)
Gender

Male 42 (46.7) 41 (45.6) 83 (46.1)
Female 48 (53.3) 49 (54.4) 97 (53.9)
Place residence

Urban 84 (93.3) 81 (90) 165 (91.7)
Rural 6 (6.7) 9 (10) 15 (8.3)

Marital status

Married 68 (75.6) 62 (68.9) 130 (72.2)
Single/widowed/divorced 22 (24.4) 28 (31.1) 50 (27.8)
Educational status

No formal education 33 (36.7) 40 (44.4) 73 (40.6)
Primary school 17 (18.9) 7 (7.8) 24 (13.3)
Secondary school 18 (20) 18 (20) 36 (20)

College and above 22 (24.4) 25 (27.8) 47 (26.1)
Occupation

Farmer 19 (21.1) 12 (13.3) 31 (17.2)
Merchant 7 (7.8) 17 (18.9) 24 (13.3)
Housewife and 33 (36.7) 38 (42.2) 71 (39.4)
Pensioner

Employee* 31 (34.4) 23 (25.6) 54 (30)

Monthly income, ETB

< 2000 37 (41.1) 35 (38.9) 72 (40)

> 2000 53 (58.9) 55 (61.1) 108 (60)

*Government and nongovernmental employee, ETB= Ethiopian birr; at time of data collection 1
$= 35 ETB.

Predictors of poor glycemic control

In bivariate logistic regression; age, educational level, physical
exercise, duration since diagnosis of diabetes, presence of
comorbidities, current systolic blood pressure (SBP), types of anti-
diabetes mellitus medication, adherence to anti-diabetes mellitus
medication, persistent proteinuria, and HDL level were found to be
associated with poor glycemic control and entered into the
multivariate logistic analysis. In multivariable analysis; age less than
65, inadequate physical exercise, presence of comorbidities, non-
adherence to anti-diabetes mellitus medication, persistent
proteinuria, and low HDL level were found to be significantly
associated with poor blood glycemic control as depicted in Table 6.

Frontiers in Endocrinology

10.3389/fendo.2023.1087437

Participants whose ages were between 50-64 years were less likely
to have poor glycemic control than those aged 35-49 (AOR=0.22; 95%
CI=0.06-0.75). Similarly, participants 65 years and above had less
chance of exhibiting poor glycemic control than those aged 35-49
(AOR= 0.08; 95% CI= 0.02-0.33).

Respondents who didn’t engage in adequate physical exercise had
a high chance of having poor glycemic control compared to those
engaged in physical exercise (AOR = 5.05; 95% CI = 1.99—11.98).
Participants who had comorbidities were more likely to have poor
glycemic control compared to those who had no comorbidities (AOR
= 5.50; 95% CI = 2.06-14.66)

Respondents who were not adherent to their medication were
more likely to have poor glycemic control than those who were
adherent (AOR= 2.76; 95% CI= 1.19-6.40). Participants whose HDL
level was less than 40 mg/dl had poor glycemic control than those
who had values greater than 40 mg/dl (AOR=3.08; 95%CI= 1.30-
7.31). Respondents who had persistent proteinuria on urine analysis
had high chance of being characterized as having poor glycemic
control than those who had no persistent proteinuria on urine
analysis (AOR=4.95; 95%CI=1.83-13.36).

Discussion

The main target in the management of DM is maintaining good
glycemic control, which is very important for controlling and
preventing diabetes mellitus complications (32). Glucose
measurement is the main tool for assessing glycemic control. The
American Diabetes Association recommends an HbAlc level below
7% for those who have no diabetes-related complications and young
age groups, and less than 8% for those who have complications or
comorbidities that threaten life expectancy as a target for optimal
blood glucose control (2). Knowing the factors associated with poor

TABLE 2 Behavioral characteristics and diabetes self-care activities in type
2 diabetes mellitus patients at DM clinic of UoGCSH, Northwest Ethiopia,
2020 (N=180).

Variables

Glycemic control

Cases N (%) Controls N (%)

Smoking status

Smoker 1(1.1) 3(3.3) 4(2.2)
Non-smoker 89 (98.9) 87 (96.7) 176 (97.8)
Alcohol habit, drinks/d

None or <2 10 (11.1) 12 (13.3) 22 (12.2)
More than 2 80 (88.9) 78 (86.7) 158 (87.8)
Physical exercise

Adequate 39 (43.3) 70 (77.8) 109 (60.6)
In adequate 51 (56.7) 20 (22.2) 71 (39.4)
Self-monitoring blood glucose

Yes 22 (24.4) 19 (21.1) 41 (22.8)
No 68 (75.6) 71 (78.9) 139 (77.2)
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TABLE 3 Clinical characteristics of type 2 diabetes mellitus patients at DM
clinic of UoGCSH, Northwest Ethiopia, 2020 (N=180). 0 56
52.4
50 a
Variables Glycemic control Total N 20
E, 10 28.6 28 28.6
Cases N (%) Controls N (%) e
20 16 143 14.3]
Duration of diabetes in years 10 I I I 4 WCase(HALc:)
0 ¢ 0 [ | m Control (HA1c<8)
<7years 55 (61.1) 64 (71.1) 119 & & & S o &
(66.1) ‘<\°Q%& «°Q7§ «°Qb\ & 6‘&0 &&o
. & &Q“ & &‘@4‘ & &8
& o
>7 years 35 (38.9) 26 (28.9) 61 (33.9) @o& &o@ o
&
COmpIiCatiOnS Type of complications
Yes 21 (23.3) 25 (27.8) 46 (25.6) FIGUREL _ _ _ o
Complications among type 2 diabetes mellitus patients at DM clinic of
No 69 (76.6) 65 (72_2) 134 UOGCSH, Northwest Ethiopia, 2020.
(74.4)
Comorbidity
yes 74(82.2) 53 (58.9) 127
(70.6)
No 16 (17.8) 37 (41.1) 53 (29.4) 123 887
X i 3 20 77 755
Body mass index in kg/m o0 ess
60
Normal (18.5-24.9 kg/m?) 39 (43.3) 41 (45.6) 80 (44.4) = 50
8 W Case  HA1c28)
Overweight (25-29.9 kg/ 35 (38.9) 36 (40) 71 (39.4) < 5 2.3  Control (HA1c<8)
m?) 20
10 75
Obese (230 kg/m?) 16 (17.8) 13 (14.4) 29 (16.1) 0 -
Hypertension Dyslipidemia Central obesity
Current SBP in mm Hg Type of comorbidities
Normal (<140 mmHg) 45 (50) 35 (38.9) 80 (44.4) FIGURE 2
Comorbidities among type 2 diabetes mellitus patients at DM clinic of
Elevated (=140 mmHg) 45 (50) 55 (61.1) 100 UOGCSH, Northwest Ethiopia, 2020.
(55.6)
Current DBP in mm Hg
glycemic control is important for clinical intervention and better
Normal (<90 mmHg) 46 (51.1) 39 (43.3) 85 (47.2) . . ) .
treatment outcomes in diabetes mellitus patients.
Stage 1 (290 mmHg) 44 (48.9) 51(56.7) 95 (52.8) This case-control study assessed factors that predict poor
SBP, systolic blood pressure; DBP, diastolic blood pressure. glycemic control among type 2 diabetes mellitus patients at

TABLE 4 Medication-related characteristics of type 2 diabetes mellitus patients at DM clinic of UoGCSH, Northwest Ethiopia, 2020 (N=180).

Variables Glycemic control Total N

Cases N (%) Controls N (%)

Medication status

On medication 87 (96.7) 88 (97.8) 175 (97.2)

Not on medication 3(3.3) 2(2.2) 5(2.8)

Type of medication

Metformin alone 19 (21.8) 29 (33) 48 (27.4)
Metformin + Glibenclimide 30 (34.5) 28 (31.8) 58 (33.1)
Insulin 20 (23) 21 (23.9) 41 (23.4)
Metformin + Insulin 18 (20.7) 10 (11.4) 28 (16)

Medication adherence status

Non-adherent 47 (54) 21 (23.9) 68 (38.9)

Adherent 40 (46) 67 (76.1) 107 (61.1)
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33 345
35 318
30
239
25 23
= 218 207
g 20
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FIGURE 3

Type of anti-DM medications among type 2 diabetes mellitus patients
at the DM clinic of UOGCSH, Northwest Ethiopia, 2020.

Table 5 Biochemical parameters of type 2 diabetes mellitus at DM clinic of
UOGCSH, Northwest Ethiopia, 2020 (N=180).

Variables

Glycemic control

Cases N (%) Controls N (%)

Fasting blood sugar

<140 mg/dl 16 (17.8) 41 (45.6) 57 (31.7)
> 140 mg/dl 74 (82.2) 49 (54.4) 123 (68.3)
Serum creatinine

<lmg/dl 77 (85.6) 73 (81.1) 150 (83.3)
>1mg/dl 13(14.4) 17 (18.9) 30 (16.7)
Glomerular filtration rate

Stage 1 49 (54.4) 47 (52.2) 96 ()53.3
Stage 2 30 (33.3) 34 (37.8) 64 (35.6)
Stage 3 11 (12.2) 9 (1o) 20 (11.1)
Proteinuria

Yes 36 (40) 13 (14.4) 49 (27.2)
No 54 (60) 77 (85.6) 131 (72.8)
LDL

< 100mg/dl 37 (41.1) 42 (46.7) 79 (43.9)
>100mg/dl 53 (58.9) 48 (53.3) 101 (56.1)
HDL

> 40mg/dl 41 (45.6) 51 (56.7) 92 (51.1)
< 40mg/dl 49 (54.4) 39 (43.3) 88 (48.9)
Total cholesterol

<200 mg/dL 58 (64.4) 66 (73.3) 124 (68.9)
>200 mg/dl 32 (35.6) 24 (26.7) 56 (31.1)
Triglyceride

<150mg/dl 38 (42.2) 45 (50) 83 (46.1)
>150mg/dl 52 (57.8) 45 (50) 97 (53.9)

Frontiers in Endocrinology

10.3389/fendo.2023.1087437

University of Gondar Comprehensive Specialized Hospital Diabetes
Clinic. In this study, participants who were younger than 65 years old,
had inadequate physical exercise, with comorbidities, non-adherent
to anti-diabetes mellitus medications, persistent proteinuria, and
high-density lipoprotein level less than 40 mg/dl were found
significantly associated with poor blood glycemic control.

Participants who were in the age range of 50-64 years were less
likely to have poor glycemic control than those at the age of 35-49
years. Similarly, those whose age is in the range of 65-80 years have
less chance of having poor glycemic control. On the same line of this
study, studies done in South Sahara (9), Uganda (33), Malaysia (34),
Iran (35), Germany (36), Singapore (37, 38), and United States of
America (39, 40) showed that older patients had better glycemic
control than the younger age group. This might be due to weak self-
management behavior like doing regular physical exercise, glucose
testing, medication adherence, and diet modification among young
patients as compared to older patients (41). Educating the younger
population with diabetes on significance of proper self-care habits
should be emphasized since this group of patients may have longer
life expectancy, and it is important to prevent complications
associated with diabetes. In contrary to this study, cross-sectional
studies in central Ethiopia (42), India (43), and Nigeria (44) showed
that poor glycemic control in adults with type-2 diabetes was higher
with age greater than 65 years. The difference might be due to
differences in method, sample size, and country of origin with all
the cultural and social differences that may imply.

Respondents with inadequate physical exercise were more likely
to have poor glycemic control compared to those with adequate
regular physical exercise. The results of this study are consistent with
previous studies conducted in Ethiopia (6, 24, 45-47), Libya (48), and
Jordan (19). The reason might be because working muscles consume
higher glucose than muscles at rest, and physical activity increases
blood flow to these muscles and eventually increases the number of
insulin receptors, which finally results in increased insulin sensitivity
(49). Another possible reason is that exercise decreases central
obesity, bad cholesterol, and plasma norepinephrine which will in
turn decrease serum glucose level. Effective education on advantages
of exercise programs and adherence to exercise should be done during
follow-up. However, the findings in this study are different from the
cross-sectional study conducted in Ethiopia (50). The difference could
be due to a divergence in exercise measurements, sample size,
and design.

Patients who have one or more comorbidities have higher odds of
having poor glycemic control, a result similar to what is reported in
previous studies in Ethiopia (10, 45, 51). Similarly, a study conducted
in Iran (52), Colombia (53), and North America (54) showed that
type 2 diabetes mellitus patients who had comorbidities had a higher
chance of poor glycemic control than those who didn’t have
complications. The reason for respondents with comorbidities
having poor glycemic control might be due to poor adherence to
medication because of additional medication pill burden. The other
possible reason may be patients with comorbidities will have low
motivation for self-management of diabetes mellitus, which is a
corner stone for glycemic control. Additionally, some comorbidities
like abdominal obesity, may increase insulin resistance and decrease
peripheral glucose uptake (53). To improve glycemic control:
comorbidities should be addressed and managed accordingly;
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TABLE 6 Predictors of poor glycemic control among type 2 diabetes TABLE 6 Continued
mellitus patients at DM clinic of UoGCSH, Northwest Ethiopia, 2020
(N=180). Variables Glycemic control COR  AOR (95%
(95% Cl) Cl)
Variables Glycemic control COR AOR (95% Cases N Controls
(95% Cl) cl) (%) N (%)
Cases N Controls
(%) N (%) Non-adherent 40 (46) 67 (76.1) 3.87 (2.04- 2.76 (1.19-
7.35) 6.40) *
Age category
Persistent proteinuria
35-49 22 (244) 7 (7.8) 1 1
Yes 36 (40) 13 (14.4) 3.95 (1.91- 4.95(1.83-
50-64 42 (46.7) 43 (47.8) 031 (0.12- 0.22 (0.06- 8.13) 13.36) *
0.80) 0.75) *
No 54 (60) 77 (85.6) 1 1
65-80 26 (28.9) 40 (44.4) 0.08 (0.02-
033) * HDL
Edluesitene] SEis > 40mg/dl 41 (45.6) 51 (56.7) 1 1
No formal 33 (36.7) 40 (44.4) 0.93 (0.44- 1.97 (0.29- < 40mg/dl 49 (54.4) 39 (433) L5 3.08 (1.30-
education 1.95) 2.57) 6 (0.87- 7.31) %
2.81)
Primary school 17 (18.9) 7 (7.8) 1.25 (0.96- 1.31 (0.32- Determi ; eem - OR odd mati
7.88) 436) eterminant of poor glycemic control; , odd ratio.
Secondary school 18 (20) 18 (20) 0.98 (0.47- 1.17 (0.31- barriers to adherence to medication should be addressed, and those
270) 315 with comorbidities should be put on close follow-up to support self-
College and above | 22 (24.4) 25 (27.8) 1 1 management practices. On the contrary, studies conducted in
. . southwest Ethiopia (21), eastern Sudan (55), and Thailand (56)
Physical exercise o ) ) )
showed that comorbidities were not associated with poor glycemic
Adequate 39 (433) 70 (778) ! ! control. The difference might be due to different study methodology
Not adequate 51 (56.7) 20 (22.2) 4.89 (2.39- 5.05 (1.99— and clinical approach to comorbidities treatment at the site.
8.75) 11.98) * Non-adherence to diabetes medication was found significantly
Duration of DM associated with poor glycemic control, which was in line with cross-
sectional studies conducted in different parts of Ethiopia (21, 57, 58),
< 7 years 55 (61.1) 64 (71.1) 1 1 .
Libya (48), and Dar es Salaam (33). The reason could be that non-
> 7 years 35 (38.9) 26 (28.9) 1.56 (0.84- 1.52 (0.61- adherence to anti-diabetes medication may expose the patient to high
231) ke blood glucose levels due to increasing glucose production from the
Comorbidity liver, decreasing insulin secretion from the beta-cells, or decreasing
Yes 74(82.2) 53 (58.9) 322 (163 5.50 (2.06- glucose uptake by skeletal muscles (59). To achieve good glycemic
6.40) 14.66) * control, barriers to medication adherence should be addressed, and
effective educational and behavioral intervention programs on
No 16 (17.8) 37 (41.1) 1 1

adherence to medications need to be conducted (60). On the

St S0, il by contrary, in a study done at Tikur-Anbessa specialized hospital (61)

Normal 45 (50) 35 (38.9) 1 1 medication adherence was not associated with glycemic control. The
(<140 mm Hg) possible reason might be due to different adherence assessment tools,
Elevated (5140 45 (50) 55 (61.1) 0.63 (035 0.49 (0.21- sample size, and design. The other difference is that FBS was used for
mm Hg) 1.15) 1.16) poor glycemic definition in the previous study, while HbA1C was

Type of medication used in this study

Persistent proteinuria in urine analysis was associated with poor

Metformin alone 19 @18) 29 (33) ! ! glycemic control. Participants who had persistent proteinuria were
Metformin+ 30 (34.5) 28 (31.8) 1.42 (0.75- 1.65 (0.51- more likely to have poorly controlled blood glucose level than those
Glibenclimide 3:54) 393) without persistent proteinuria. The most common cause of
Insulin 20 (23) 21 (23.9) 0.86 (0.62- 1.04 (0.27- persistent proteinuria in diabetes mellitus is diabetes nephropathy,

3.37) 2.66) which is one complication of poor glycemic control. Similarly,
Metformin + 18 (20.7) 10 (11.4) 1.66 (1.04- 1.80 (0.44- studies conducted in Ethiopia (45, 62), Egypt (63), and Kenya
insulin 7.21) 6.17) (64) also showed that patients who had diabetes nephropathy had

Medication adherence status higher chances of poor glycemic control than those with no diabetic

nephropathy. Screening for microvascular complications like
Adherent 47 (54) 21 (23.9) 1 1

nephropathy and guideline-directed treatment should be carried

(Continued) — out during follow-up.
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Respondents whose high-density lipoprotein level is less than 40 mg/
dl have higher chances of having poorly controlled blood glucose than
those with HDL levels greater than 40 mg/dl. Similar to this study, studies
done in Sudan (65), India (43), and Saudi Arabia (66) showed that
respondents with HDL levels less than 40 mg/dl had poor glycemic control
than those who had HDL levels greater than 40 mg/dl. The possible reason
for this might be impaired liver apolipoprotein production, which in turn
regulates enzymatic activity of lipoprotein lipase (LPL) and cholesterol
ester transport protein . Therefore, yearly screening for dyslipidemia and
guideline-based treatment should be adopted.

Strengths and limitations of the study
The strength of the study

Since this study was case-control, its strength in identifying
determinants of poor glycemic control is better than cross-sectional
studies done in Ethiopia previously. In this study, HbAlc was used to
evaluate glycemic control, which is better than FBS used in most
previous studies in Ethiopia.

Limitations of the study

As some parts of the questionnaire depended on the memory of
respondents, it may have resulted in recall bias. It was done only
among type 2 diabetes mellitus patients who were on follow-up at a
governmental hospital, which may not be representative of the overall
type 2 diabetes population

Conclusions

Age younger than 65 years, inadequate physical exercise, the
presence of comorbidities, non-adherence to diabetes medications,
persistent proteinuria, and HDL level less than 40mg/dl were the
independent predictors of poor glycemic control. Therefore, targeted
educational and behavioral modification programs on regular exercise,
and medication adherence should be routinely practiced. Additionally,
early guideline-based screening and treatment of comorbidities and
complications would be required to effectively manage diabetes mellitus.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

References

1. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus
and its complications. part 1: Diagnosis and classification of diabetes mellitus provisional
report of a WHO consultation. Diabetic Med ] Br Diabetic Assoc (1998) 15(7):539-53.

2. Riddle M. C, Bakris G, Blonde L, Boulton A. JM, D’Alessio D, DiMeglio L. A, et al.
Standards of medical care in diabetes-2020 abridged for primary care providers. Clin
Diabetes Publ Am Diabetes Assoc (2020) 38(1):10-38.

Frontiers in Endocrinology

10.3389/fendo.2023.1087437

Ethics statement

The studies involving human participants were reviewed and
approved by University of Gondar, College of Medicine and Health
Sciences School of Medicine Ethical Review Committee. The patients/
participants provided their written informed consent to participate in
this study.

Author contributions

GL is involved in conceiving the idea, study design, data analysis
and interpretation, and managing the overall progress of the study
and manuscript preparation. GA, TY and SA are equally involved in
study design, and follow-up of study. Both TA and YT equally
contributed to data analysis and interpretation, and in revising the
manuscript. All authors contributed to the article and approved the
submitted version.

Funding

This research did not receive any specific grant from any funding
agency in the public, commercial or not-for-profit sector.

Acknowledgments

The authors are very grateful to the study participants, data
collectors, and supervisors.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

3. Dunbar JA, Reddy P, McNamara K, Janus ED. Diabetes research and clinical
practice. Diabetes Res Clin Practice (2010) 90(1):e11-2. doi: 10.1016/j.diabres.2010.05.015

4. Mohan V, Seedat YK, Pradeepa R. The rising burden of diabetes and hypertension
in southeast asian and african regions: need for effective strategies for prevention and
control in primary health care settings. Int ] Hypertension (2013) 2013:409083. doi:
10.1155/2013/409083

frontiersin.org


https://doi.org/10.1016/j.diabres.2010.05.015
https://doi.org/10.1155/2013/409083
https://doi.org/10.3389/fendo.2023.1087437
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Legese et al.

5. Mbanya JC, Motala AA, Sobngwi E, Assah FK, Enoru ST. Diabetes in sub-Saharan
Africa. Lancet (Lond Engl) (2010) 375(9733):2254-66. doi: 10.1016/S0140-6736(10)
60550-8

6. Zeru MA, Tesfa E, Mitiku AA, Seyoum A, Bokoro TA. Prevalence and risk factors of
type-2 diabetes mellitus in Ethiopia: Systematic review and meta-analysis. Sci Rep (2021)
11(1):21733. doi: 10.1038/s41598-021-01256-9

7. Wolde HF, Derso T, Biks GA, Yitayal M, Ayele TA, Gelaye KA, et al. High hidden
burden of diabetes mellitus among adults aged 18 years and above in urban Northwest
Ethiopia. Hindawi (2020) 2020:9240398. doi: 10.1155/2020/9240398

8. Fina Lubaki JP, Omole OB, Francis JM. Glycaemic control among type 2 diabetes
patients in sub-Saharan Africa from 2012 to 2022: A systematic review and meta-analysis.
Diabetol Metab Syndrome (2022) 14(1):134.

9. Camara A, Baldée NM, Sobngwi-Tambekou J, Kengne AP, Diallo MM, Tchatchoua
AP, et al. Poor glycemic control in type 2 diabetes in the south of the Sahara: the issue of
limited access to an HbAlc test. Diabetes Res Clin Practice (2015) 108(1):187-92. doi:
10.1016/j.diabres.2014.08.025

10. Fiseha T, Alemayehu E, Kassahun W, Adamu A, Gebreweld A. Factors associated
with glycemic control among diabetic adult out-patients in northeast Ethiopia. BMC Res
Notes (2018) 11(1):316. doi: 10.1186/s13104-018-3423-5

11. Gebreyohannes EA, Netere AK. Glycemic control among diabetic patients in
Ethiopia: A systematic review and meta-analysis. Plos One (2019) 14(8). doi: 10.1371/
journal.pone.0221790

12. Yigazu DM, Desse TA. Glycemic control and associated factors among type 2
diabetic patients at shanan gibe hospital, southwest Ethiopia. BMC Res Notes (2017) 10
(1):597. doi: 10.1186/s13104-017-2924-y

13. Nathan DM, Genuth S, Lachin J, Cleary P, Crofford O, Davis M, et al. The effect of
intensive treatment of diabetes on the development and progression of long-term
complications in insulin-dependent diabetes mellitus. N Engl ] Med (1993) 329
(14):977-86.

14. King P, Peacock I, Donnelly R. The UK prospective diabetes study (UKPDS):
clinical and therapeutic implications for type 2 diabetes. Br J Clin Pharmacol (1999) 48
(5):643-8. doi: 10.1046/j.1365-2125.1999.00092.x

15. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year follow-up of
intensive glucose control in type 2 diabetes. N Engl ] Med (2008) 359(15):1577-89. doi:
10.1056/NEJM0a0806470

16. Writing Team for the Diabetes Control and Complications Trial/Epidemiology of
Diabetes Interventions and Complications Research Group. Sustained effect of intensive
treatment of type 1 diabetes mellitus on development and progression of diabetic
nephropathy: the epidemiology of diabetes interventions and complications (EDIC)
study. JAMA (2003) 290(16):2159-67. doi: 10.1001/jama.290.16.2159

17. Shan S, Gu L, Lou Q, Ouyang X, Yu Y, Wu H, et al. Evaluation of glycemic control
in patients with type 2 diabetes mellitus in Chinese communities: A cross-sectional study.
Clin Exp Med (2017) 17(1):79-84. doi: 10.1007/s10238-015-0406-x

18. Milo RB, Connelly CD. Predictors of glycemic management among patients with
type 2 diabetes. J Clin Nurs (2019) 28(9-10):1737-44. doi: 10.1111/jocn.14779

19. Khattab M, Khader YS, Al-Khawaldeh A, Ajlouni K. Factors associated with poor
glycemic control among patients with type 2 diabetes. ] Diabetes its complications (2010)
24(2):84-9. doi: 10.1016/j.jdiacomp.2008.12.008

20. Abebe SM, Berhane Y, Worku A, Alemu S, Mesfin N. Level of sustained glycemic
control and associated factors among patients with diabetes mellitus in Ethiopia: A
hospital-based cross-sectional study. Diabetes Metab Syndr Obes (2015) 8:65-71.
doi: 10.2147/DMSO0.S75467

21. Demoz GT, Gebremariam A, Yifter H, Alebachew M, Niriayo YL, Gebreslassie G,
et al. Predictors of poor glycemic control among patients with type 2 diabetes on follow-
up care at a tertiary healthcare setting in Ethiopia. BMC Res Notes (2019) 12(1):207. doi:
10.1186/s13104-019-4248-6

22. Mideksa S, Ambachew S, Biadgo B, Baynes HW. Glycemic control and its
associated factors among diabetes mellitus patients at ayder comprehensive specialized
hospital, mekelle-Ethiopia. Adipocyte (2018) 7(3):197-203. doi: 10.1080/
21623945.2018.1467716

23. Pronk N, Kleinman DV, Goekler SF, Ochiai E, Blakey C, Brewer KH. Promoting
health and well-being in healthy people 2030. J Public Health Manage Pract JPHMP
(2021) 27(Suppl 6):5242-8. doi: 10.1097/PHH.0000000000001254

24. Mariye T, Girmay A, Tasew H, Teklay G, Ayele E, Gerensea H, et al. Determinants
of hypertension among diabetic patients in public hospitals of the central zone, tigray,
Ethiopia 2018: Unmatched case-control study. Pan Afr Med ] (2019) 33:100. doi:
10.11604/pamj.2019.33.100.17094

25. Levey AS, Inker LA, Coresh J. GFR estimation: from physiology to public health.
Am ] Kidney Dis Off ] Natl Kidney Foundation (2014) 63(5):820-34. doi: 10.1053/
j.ajkd.2013.12.006

26. Eyth E, Naik R. Hemoglobin A1C. Treasure Island (FL: StatPearls Publishing LLC
(2022). StatPearls.

27. Hearnshaw H, Lindenmeyer A. What do we mean by adherence to treatment and
advice for living with diabetes? A review of the literature on definitions and
measurements. Diabetic Med ] Br Diabetic Assoc (2006) 23(7):720-8. doi: 10.1111/
j.1464-5491.2005.01783.x

28. Ali M, Alemu T, Sada O. Medication adherence and its associated factors among
diabetic patients at zewditu memorial hospital, Addis Ababa, Ethiopia. BMC Res Notes
(2017) 10(1):676. doi: 10.1186/s13104-017-3025-7

Frontiers in Endocrinology

10

10.3389/fendo.2023.1087437

29. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physical
activity and public health: updated recommendation for adults from the American college
of sports medicine and the American heart association. Med Sci Sports Exercise (2007) 39
(8):1423-34. doi: 10.1249/mss.0b013e3180616b27

30. Ryan H, Trosclair A, Gfroerer J. Adult current smoking: differences in definitions
and prevalence estimates-NHIS and NSDUH, 2008. ] Environ Public Health (2012)
2012:918368. doi: 10.1155/2012/918368

31. Uong S, Tomedi LE, Gloppen KM, Stahre M, Hindman P, Goodson VN, et al.
Screening for excessive alcohol consumption in emergency departments: A nationwide
assessment of emergency department physicians. J Public Health Manage Pract JPHMP
(2022) 28(1):E162-e9. doi: 10.1097/PHH.0000000000001286

32. Imran SA, Rabasa-Lhoret R, Ross S. Targets for glycemic control. Can ] diabetes.
(2013) 37 Suppl 1:531-4. doi: 10.1016/}.jcjd.2013.01.016

33. Patrick NB, Yadesa TM. Poor glycemic control and the contributing factors among
type 2 diabetes mellitus patients attending outpatient diabetes clinic at mbarara regional
referral hospital. Uganda (2021) 14:3123-30. doi: 10.2147/DMS0.S321310

34. Huri HZ, Ling DY, Ahmad WA. Association between glycemic control and
antidiabetic drugs in type 2 diabetes mellitus patients with cardiovascular
complications. Drug Design Dev Ther (2015) 9:4735-49. doi: 10.2147/DDDT.S87294

35. Shamshirgaran SM, Mamaghanian A, Aliasgarzadeh A, Aiminisani N,
Iranparvar-Alamdari M, Ataie J. Age differences in diabetes-related complications
and glycemic control. BMC Endocrine Disord (2017) 17(1):25. doi: 10.1186/s12902-
017-0175-5

36. Huppertz E, Pieper L, Klotsche J, Stridde E, Pittrow D, Béhler S, et al. Diabetes
mellitus in German primary care: Quality of glycaemic control and subpopulations not
well controlled - results of the DETECT study. Exp Clin Endocrinol Diabetes Off journal
German Soc Endocrinol [and] German Diabetes Assoc (2009) 117(1):6-14. doi: 10.1055/s-
2008-1073127

37. Quah JHM, Liu YP, Luo N, How CH, Tay EG. Younger adult type 2 diabetic
patients have poorer glycaemic control: A cross-sectional study in a primary care
setting in Singapore. BMC Endocrine Disord (2013) 13(1):18. doi: 10.1186/1472-6823-
13-18

38. Ng TP, Goh LG, Tan Y, Tan E, Leong H, Tay EG, et al. Ethnic differences in
glycaemic control in adult type 2 diabetic patients in primary care: A 3-year follow-up
study. Diabetic Med ] Br Diabetic Assoc (2005) 22(11):1598-604. doi: 10.1111/j.1464-
5491.2005.01759.x

39. Benoit SR, Fleming R, Philis-Tsimikas A, Ji M. Predictors of glycemic control
among patients with type 2 diabetes: A longitudinal study. BMC Public Health (2005) 5
(1):36. doi: 10.1186/1471-2458-5-36

40. El-Kebbi IM, Cook CB, Ziemer DC, Miller CD, Gallina DL, Phillips LS. Association
of younger age with poor glycemic control and obesity in urban african americans with
type 2 diabetes. Arch Internal Med (2003) 163(1):69-75. doi: 10.1001/archinte.163.1.69

41. Glasgow RE, Hampson SE, Strycker LA, Ruggiero L. Personal-model beliefs and
social-environmental barriers related to diabetes self-management. Diabetes Care (1997)
20(4):556-61. doi: 10.2337/diacare.20.4.556

42. Abdissa D, Hirpa D. Poor glycemic control and its associated factors among
diabetes patients attending public hospitals in West shewa zone, oromia, Ethiopia: An
institutional based cross-sectional study. Metab Open (2022) 13:100154. doi: 10.1016/
j.metop.2021.100154

43. Haghighatpanah M, Nejad ASM, Haghighatpanah M, Thunga G, Mallayasamy S.
Factors that correlate with poor glycemic control in type 2 diabetes mellitus patients with
complications. Osong Public Health Res Perspectives (2018) 9(4):167-74. doi: 10.24171/
j.phrp.2018.9.4.05

44. Anioke IC, Ezedigboh AN, Dozie-Nwakile OC, Chukwu IJ, Kalu PN. Predictors of
poor glycemic control in adult with type 2 diabetes in south-Eastern Nigeria. Afr Health
Sci (2019) 19(4):2819-28.

45. Mamo Y, Bekele F, Nigussie T, Zewudie A. Determinants of poor glycemic control
among adult patients with type 2 diabetes mellitus in jimma university medical center,
jimma zone, south west Ethiopia: A case control study. BMC Endocr Disord (2019) 19
(1):91. doi: 10.1186/512902-019-0421-0

46. Tekalign E. Poor glycemic control and its contributing factors among type 2
diabetes patients at adama hospital medical college in east ethiopia. Diabetes Metab Syndr
Obes (2021) 14:1-8.

47. Eticha T, Mulu A, Gebretsadik H, Kahsay G, Ali D, Rajeshwar Y. Factors associated
with poor glycemic control in type 2 diabetic patients investigated at ayder referral
hospital, mekelle, Ethiopia. ] Pharmaceutical (2016) 18:1-8.

48. Ashur ST, Shah SA, Bosseri S, Fah TS, Shamsuddin K. Glycaemic control status
among type 2 diabetic patients and the role of their diabetes coping behaviours: A clinic-
based study in Tripoli, Libya. Libyan ] Med (2016) 11:31086. doi: 10.3402/1jm.v11.31086

49. Cannata F, Vadala G, Russo F, Papalia R, Napoli N, Pozzilli P. Beneficial effects of
physical activity in diabetic patients. ] Funct Morphology Kinesiology (2020) 5(3):70. doi:
10.3390/jfmk5030070

50. Tesfaye T, Shikur B, Shimels T, Firdu N. Prevalence and factors associated with
diabetes mellitus and impaired fasting glucose level among members of federal police
commission residing in Addis Ababa, Ethiopia. BMC Endocrine Disord (2016) 16(1):68.
doi: 10.1186/s12902-016-0150-6

51. Yosef T, Nureye D. Poor glycemic control and its contributing factors among type
2 diabetes patients at adama hospital medical college in East Ethiopia. Dove Press (2021)
14:3273-80. doi: 10.2147/DMS0.5321756

frontiersin.org


https://doi.org/10.1016/S0140-6736(10)60550-8
https://doi.org/10.1016/S0140-6736(10)60550-8
https://doi.org/10.1038/s41598-021-01256-9
https://doi.org/10.1155/2020/9240398
https://doi.org/10.1016/j.diabres.2014.08.025
https://doi.org/10.1186/s13104-018-3423-5
https://doi.org/10.1371/journal.pone.0221790
https://doi.org/10.1371/journal.pone.0221790
https://doi.org/10.1186/s13104-017-2924-y
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1056/NEJMoa0806470
https://doi.org/10.1001/jama.290.16.2159
https://doi.org/10.1007/s10238-015-0406-x
https://doi.org/10.1111/jocn.14779
https://doi.org/10.1016/j.jdiacomp.2008.12.008
https://doi.org/10.2147/DMSO.S75467
https://doi.org/10.1186/s13104-019-4248-6
https://doi.org/10.1080/21623945.2018.1467716
https://doi.org/10.1080/21623945.2018.1467716
https://doi.org/10.1097/PHH.0000000000001254
https://doi.org/10.11604/pamj.2019.33.100.17094
https://doi.org/10.1053/j.ajkd.2013.12.006
https://doi.org/10.1053/j.ajkd.2013.12.006
https://doi.org/10.1111/j.1464-5491.2005.01783.x
https://doi.org/10.1111/j.1464-5491.2005.01783.x
https://doi.org/10.1186/s13104-017-3025-7
https://doi.org/10.1249/mss.0b013e3180616b27
https://doi.org/10.1155/2012/918368
https://doi.org/10.1097/PHH.0000000000001286
https://doi.org/10.1016/j.jcjd.2013.01.016
https://doi.org/10.2147/DMSO.S321310
https://doi.org/10.2147/DDDT.S87294
https://doi.org/10.1186/s12902-017-0175-5
https://doi.org/10.1186/s12902-017-0175-5
https://doi.org/10.1055/s-2008-1073127
https://doi.org/10.1055/s-2008-1073127
https://doi.org/10.1186/1472-6823-13-18
https://doi.org/10.1186/1472-6823-13-18
https://doi.org/10.1111/j.1464-5491.2005.01759.x
https://doi.org/10.1111/j.1464-5491.2005.01759.x
https://doi.org/10.1186/1471-2458-5-36
https://doi.org/10.1001/archinte.163.1.69
https://doi.org/10.2337/diacare.20.4.556
https://doi.org/10.1016/j.metop.2021.100154
https://doi.org/10.1016/j.metop.2021.100154
https://doi.org/10.24171/j.phrp.2018.9.4.05
https://doi.org/10.24171/j.phrp.2018.9.4.05
https://doi.org/10.1186/s12902-019-0421-0
https://doi.org/10.3402/ljm.v11.31086
https://doi.org/10.3390/jfmk5030070
https://doi.org/10.1186/s12902-016-0150-6
https://doi.org/10.2147/DMSO.S321756
https://doi.org/10.3389/fendo.2023.1087437
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Legese et al.

52. Ghazanfari Z, Niknami S, Ghofranipour F, Larijani B, Agha-Alinejad H, Montazeri
A. Determinants of glycemic control in female diabetic patients: A study from Iran. Lipids
Health Disease (2010) 9:83. doi: 10.1186/1476-511X-9-83

53. Urina-Jassir M, Herrera-Parra L], Hernandez Vargas JA, Valbuena-Garcia AM,
Acuna-Merchan L, Urina-Triana M. The effect of comorbidities on glycemic control
among Colombian adults with diabetes mellitus: A longitudinal approach with real-world
data. BMC Endocrine Disord (2021) 21(1):128. doi: 10.1186/s12902-021-00791-w

54. Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obesity to insulin
resistance and type 2 diabetes. Nature (2006) 444(7121):840-6. doi: 10.1038/nature05482

55. Omar SM, Musa IR, Osman OE, Adam I Assessment of glycemic control in type 2
diabetes in the Eastern Sudan. BMC Res Notes (2018) 11(1):373. doi: 10.1186/s13104-018-3480-9

56. Sakboonyarat B, Pima W, Chokbumrungsuk C, Pimpak T, Khunsri S, Ukritchon S,
et al. National trends in the prevalence of glycemic control among patients with type 2
diabetes receiving continuous care in Thailand from 2011 to 2018. Sci Rep (2021) 11
(1):14260. doi: 10.1038/s41598-021-93733-4

57. Kassahun T, Eshetie T, Gesesew H. Factors associated with glycemic control
among adult patients with type 2 diabetes mellitus: A cross-sectional survey in Ethiopia.
BMC Res Notes (2016) 9:78. doi: 10.1186/s13104-016-1896-7

58. Sendekie AK, Netere AK. Medication adherence and its impact on glycemic control
in type 2 diabetes mellitus patients with comorbidity: A multicenter cross-sectional study in
Northwest Ethiopia. PLoS One (2022) 17(9). doi: 10.1371/journal.pone.0274971

59. Grant R, Adams AS, Trinacty CM, Zhang F, Kleinman K, Soumerai SB, et al.
Relationship between patient medication adherence and subsequent clinical inertia in
type 2 diabetes glycemic management. Diabetes Care (2007) 30(4):807-12. doi: 10.2337/
dc06-2170

Frontiers in Endocrinology

1

10.3389/fendo.2023.1087437

60. Rozenfeld Y, Hunt JS, Plauschinat C, Wong KS. Oral antidiabetic medication
adherence and glycemic control in managed care. Am ] Managed Care (2008) 14(2):71-5.

61. Tekalegn Y, Addissie A, Kebede T, Ayele W. Magnitude of glycemic control and its
associated factors among patients with type 2 diabetes at tikur anbessa specialized
hospital, Addis Ababa, Ethiopia. PloS One (2018) 13(3):e0193442. doi: 10.1371/
journal.pone.0193442

62. Oluma A, Abadiga M, Mosisa G, Etafa W. Magnitude and predictors of poor
glycemic control among patients with diabetes attending public hospitals of
Western Ethiopia. PloS One (2021) 16(2):€0247634. doi: 10.1371/journal.pone.
0247634

63. Shita NG, Iyasu AS. Glycemic control and its associated factors in type 2 diabetes
patients at felege hiwot and debre markos referral hospitals. Sci Rep (2022) 12(1):9459.
doi: 10.1038/s41598-022-13673-5

64. Otieno FC, Mikhail T, Acharya K, Muga J, Ngugi N, Njenga E. Suboptimal
glycemic control and prevalence of diabetes-related complications in Kenyan population
with diabetes: cohort analysis of the seventh wave of the international diabetes
management practices study (IDMPS). Endocrine Metab Sci (2021) 3:100093. doi:
10.1016/j.endmts.2021.100093

65. Noor SK, Elmadhoun WM, Bushara SO, Almobarak AQ, Salim RS, Forawi SA,
et al. Glycaemic control in Sudanese individuals with type 2 diabetes: Population based
study. diabetes & metabolic syndrome. Elseviere (2017) 11 Suppl 1:5147-s51. doi: 10.1016/
j.dsx.2016.12.024

66. Khan HA, Sobki SH, Khan SA. Association between glycaemic control and serum
lipids profile in type 2 diabetic patients: HbAlc predicts dyslipidaemia. Clin Exp Med
(2007) 7(1):24-9. doi: 10.1007/s10238-007-0121-3

frontiersin.org


https://doi.org/10.1186/1476-511X-9-83
https://doi.org/10.1186/s12902-021-00791-w
https://doi.org/10.1038/nature05482
https://doi.org/10.1186/s13104-018-3480-9
https://doi.org/10.1038/s41598-021-93733-4
https://doi.org/10.1186/s13104-016-1896-7
https://doi.org/10.1371/journal.pone.0274971
https://doi.org/10.2337/dc06-2170
https://doi.org/10.2337/dc06-2170
https://doi.org/10.1371/journal.pone.0193442
https://doi.org/10.1371/journal.pone.0193442
https://doi.org/10.1371/journal.pone.0247634
https://doi.org/10.1371/journal.pone.0247634
https://doi.org/10.1038/s41598-022-13673-5
https://doi.org/10.1016/j.endmts.2021.100093
https://doi.org/10.1016/j.dsx.2016.12.024
https://doi.org/10.1016/j.dsx.2016.12.024
https://doi.org/10.1007/s10238-007-0121-3
https://doi.org/10.3389/fendo.2023.1087437
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Determinants of poor glycemic control among type 2 diabetes mellitus patients at University of Gondar Comprehensive Specialized Hospital, Northwest Ethiopia: Unmatched case-control study
	Background
	Materials and methods
	Study settings and design
	Population
	Sampling size and sampling procedure
	Data collection
	Measurements
	Data quality assurance
	Study variables
	Operational definitions
	Data processing and analysis
	Ethical consideration

	Results
	Socio-demographic characteristics of participants
	Diabetes self-care activities and behavioral characteristics of participants
	Selected clinical characteristics of participants
	Medication-related characteristics of participants
	Selected biochemical parameters of participants
	Predictors of poor glycemic control

	Discussion
	Strengths and limitations of the study
	The strength of the study
	Limitations of the study

	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References


