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Abstract 

Objectives: A cross-sectional study was conducted in Gadarif, eastern Sudan to assess glycaemic control among 
adult patients with type 2 diabetes in eastern Sudan. Poor glycaemic control was defined as HbA1c level of ≥ 7.0%. 
Questionnaire was used to gathered sociodemographic and clinical characteristics.

Results: A total of 339 patients (69.9% were women) were enrolled in the study. The mean age of the participants 
was 54.8 (12.8) years. Approximately more than two-thirds (n = 243, 71.7%) of the participants were using oral glucose 
control agents. A round one-fifth (22.1%) of the participants were using insulin and only 6.2% of them were using 
both insulin and oral glucose control agents. The rate of poor glycemic control was 71.9%. In logistic regression analy-
ses, duration of diabetes, medications used, and the triglycerides were not associated with poor glycemic control. 
However, being unmarried (OR = 3.64, 95% CI 1.21–10.90), adding sugar to the drinks (OR = 1.84, 95% CI 1.11–3.05, 
P = 0.017) and high cholesterol level (OR = 1.01, 95% CI 1.01–1.02.) were associated with poor glycemic control. In 
summary the rate of uncontrolled type 2 diabetes mellitus was considerably high especially among being unmarried 
patients and patients who were adding sugar to the drinks.

Keywords: Diabetes, Controlled, HbA1c, Sudan

© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creat iveco mmons .org/
publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Introduction
Diabetes mellitus is the main endocrinopathy and is the 
chronic metabolic disorder that is associated with serious 
medical complications. The global prevalence of diabetes 
is rising among adults. It has been estimated that in 2017 
there are 451  million people with diabetes worldwide 
and the number of adult patients with diabetes mellitus 
is expected to increase both the developing and devel-
oped countries by 69 and 20% respectively [1, 2]. Recent 
report showed that the prevalence of diabetes mellitus 
in the Africa Region range 9.7–15.4% [3]. Type 2 diabe-
tes mellitus, comprises almost 90% burden of the disease 
and the remaining 10% are type 1 diabetes or gestational 
diabetes [3]. Recent reports have shown that diabetes and 
its related complications were major health problem in 
Sudan [4–6].

It has been shown that poor glycemic control was asso-
ciated with diabetes complications, and these complica-
tions could be avoided by good diabetic control [7, 8]. 
Different rate and various factors (age, gender, obesity, 
education, exercise) have been reported to be associ-
ated with the poor glycemic control in different settings 
[9–13].

While there are many published data on glycemic con-
trol and its associated factors in the different African 
countries [14–20], there are few published data on gly-
cemic control in Sudan and non-exist in eastern part of 
Sudan [21, 22]. Furthermore, recent reports have shown 
that diabetes and its associated complications are major 
health problem in Sudan [5, 6]. It is of paramount to 
investigate the glycemic control in Eastern Sudan so as 
to generate data that is necessary for both the treating 
physicians as well as for health care planners. The current 
study was conducted to assess the prevalence and associ-
ated factors for poor glycemic control diabetes in Gada-
rif, eastern Sudan.
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Main text
Methods
A cross-sectional study was conducted in the univer-
sity clinics at Gadarif, eastern Sudan during the period 
of February through August 2017. After signing an 
informed consent all adult (age ≥ 18 years) patients with 
type 2 diabetes (men and women) were enrolled. All 
participants were Sudanese and have the duration of 
the disease for 1 year or more. Participants with age less 
than 18 years, type 1 diabetes, recent diagnosis of diabe-
tes (< 1 year), on dietary control only, pregnant women, 
patients with haemoglobinopathy, acutely ill, debilitated 
patients or any chronic disease that may alter HbA1c e.g. 
end stage renal disease were excluded.

Questionnaire was used to gathered sociodemographic 
characteristics [age, sex (menor women), education 
(≤ secondary level or > secondary levels, employment 
(employed or non-employed), health insurance, mari-
tal status (married or non- married), smoking (smokers 
were subject who smoked more than 100 cigarettes in 
their lives and reported any past-year smoking), alco-
hol consumption (one or more drink in the past month), 
duration of diabetes, and comorbidities (hypertension, 
thyroid, hyperlipidemia, and ischemic disease).

The patients’ weight and height were measured using 
standard procedures and body mass index (BMI) was 
computed as weight/height  (m2). Fasting cholesterol 
and triglyceride levels were measured using enzymatic 
methods.

Glycaemic control status was defined according to the 
HbA1c target of < 7% as recommended by the Ameri-
can Diabetes Association for non-pregnant adults [23]. 
Accordingly, HbA1c level of ≥ 7.0% was defined as ‘poor 
glycaemic control’.

The sample size (339) was based on the rate of uncon-
trolled diabetes which was reported in the previous stud-
ies [21, 22] where 68.0% of patients were expected to 
have uncontrolled diabetes to detect a difference of 5% at 
α = 0.05 with a power of 80%. We assumed that 10% of 
the participants might not respond or have incomplete 
data.

Statistics
Data were entered into a computer using SPSS for Win-
dows (version 20.0). The Chi square test was used to 
compare proportions between patients with controlled 
and poor glycemic control. The Kolmogorov–Smirnov 
test was used for testing the normality of continuous data 
(age, duration of diabetes, BMI, cholesterol and triglyc-
erides levels). The continuous parametric and non-para-
metric data were compared by t test and Mann–Whitney 
test, respectively, between the two groups (controlled and 

poor glycemic control). Logistic regression analyses were 
performed with poor glycemic control as the dependent 
variable. Independent variables (age, sex, marital status, 
education, presence of comorbidity, alcohol intake, meas-
uring blood glucose at home, having medical insurance, 
BMI, cholesterol and triglycerides levels) were entered 
into the model if their univariate P was < 0.20. Odds 
ratios (ORs) and 95% confidence intervals (CIs) were cal-
culated and a P value of < 0.05 was considered significant.

Results
A total of 339 adult patients were enrolled in the study. 
Among them, 237 (69.9%) patients were women. The 
mean (SD) age of the participants was 54.8 (12.8%) years 
(range 195–90  years). The majority (90.0%) of the par-
ticipants were married. More than half (62.5%) of the 
participants were adding sugar to the drink. Few (3.7%) 
participants were cigarette smokers and only 3 (0.9%) 
patients consumed alcohol. A total of 300 (88.5%) par-
ticipants had medical insurance (Table 1). The mean (SD) 
duration of diabetes was 6.8 (5.5%) years.

Approximately more than two-thirds (n = 243, 
71.7%) of the participants were using oral glucose con-
trol agents. Around one-fifth (22.1%) of the partici-
pants were using insulin and only 6.2% of them were 
using both insulin and oral glucose control agents. 

Table 1 Characteristics of  the  patients with  type 2 
diabetes in eastern Sudan (n = 339)

a Mean (SD)
b Median (interquartile range)

Variable Value Percentage

Age (years)a 54.8 12.8

Male sex 102 30.1

Education ≤ secondary level 259 76.4

Married 305 90.0

Employed 150 44.2

Duration of diabetes (years)b 5.8 3.0–10.0

Presence of comorbidity 126 37.2

Smoking/ex-smoking 13 3.9

Alcohol intake 3 0.9

Add sugar to the food 300 88.5

Oral glucose control agents 243 71.7

Insulin 75 22.1

Oral hypoglycemic and insulin 21 6.2

Measuring blood sugar at home 31 9.1

Body mass index (kg/m2)b 26.4 23.6–29.6

Fasting blood glucose (mg/dl) 149.0 120.0–192.0

Hemoglobin A1c (%) 8.6 6.9–9.9

Cholesterol (mg/dl)b 165.8 134.0–190.0

Triglycerides (mg/dl)b 127.0 90.0–160.0
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Around one-third (37.2%) of the participants had co-
morbidity. The most common comorbidities were 
hypertension (n = 114, 33.6%), thyroid disease (n = 5, 
1.5%), previous ischemic disease (n = 2, 0.6%) and 
renal disease (n = 5, 1.5%).

The rate of poor glycemic control was 71.9%. There 
were no significant differences in age, sex, education, 
employment, presence of comorbidity, smoking, alco-
hol intake, type of the treatments, measuring blood 
glucose at home and BMI between participants with 
glycemic control and participants with poor glycemic 
control. A significantly higher number of participants 
with uncontrolled diabetes were married, had longer 
duration of diabetes, adding sugar to the table and had 
higher fasting blood glucose, cholesterol and triglycer-
ide levels compared with those with controlled diabe-
tes (Table 2).

In logistic regression analyses, duration of diabetes, 
drugs used, and the triglycerides were not associated 
with poor glycemic control. However, being unmar-
ried (OR = 3.64, 95% CI 1.21–10.90, P = 0.021), add-
ing sugar to the drinks (OR = 1.84, 95% CI 1.11–3.05, 
P = 0.017) and high cholesterol level (OR = 1.01, 95% 
CI 1.01–1.02, P = 0.036) were associated with poor gly-
cemic control (Table 3).

Discussion
The main findings of the current study were the high 
rate (71.9%) of poor glycemic control, especially among 
unmarried and patients who were adding sugars to the 
drink. This is lower than the rate (85.0%) of poor glyce-
mic control previously reported among 387 Sudanese 
patients with type 2 diabetes (50.4% males and 49.6% 
females) [21].

Different rates of poor glycemic control were reported 
in the various African settings e.g. 74.0% in Cameroon 
and Guinea [15], 61.3% in Zambia [17], 69.7% in Tanza-
nia [18], 75.2% in Senegal [16], 79.2% in Uganda [19], and 
62% in Nigeria [20].

Table 2 Comparison of  clinical and  biochemical characteristics between  patients with  controlled and  poor glycaemic 
control

a Values are means (SD)
b Median (interquartile range)

Variable Controlled diabetes (n = 96) Uncontrolled diabetes 
(n = 243)

OR 95% CI P

Age (years)a 54.9 (12.7) 54.7 (12.9) 0.99 0.98–1.01 0.877

Male sex 28 (29.2) 74 (30.5) 0.94 0.56–1.57 0.896

Education ≤ secondary level 19 (19.8) 61 (25.1) 1.35 0.76–2.42 0.324

Married 92 (95.8) 213 (87.7) 0.79 0.68–0.91 0.026

Employed 45 (46.9) 105 (43.2) 0.86 0.53–1.38 0.547

Duration of diabetes (years)b 4.0 (2.23–7.0) 6.0 (3.0–10.0) 1.05 1.01–1.11 0.014

Presence of comorbidity 41 (42.7) 85 (35.0) 0.72 0.44–1.16 0.212

Smoking/ex-smoking 4 (4.2) 9 (3.7) 2.48 0.73–8.40 0.827

Alcohol intake 119 (57.2) 101 (59.1) 1.07 0.71–1.62 0.550

Add sugar to the food 51 (53.1) 161 (66.3) 1.73 1.07–2.80 0.034

Oral hypoglycemic drugs 71 (74.0) 172 (70.8) 0.40 0.11–1.41 0.156

Insulin 22 (22.9) 53 (21.8) 0.40 0.10–1.50 0.175

Oral hypoglycemic and insulin 3 (3.1) 18 (7.4) Ref – –

Measuring blood sugar at home 11 (11.5) (8.2) 0.69 0.31–1.50 0.403

Body mass index (kg/m2)b 26.7 (23.2–29.7) 26.2 (23.6–29.4) 1.01 0.97–1.06 0.926

Fasting blood glucose 121.0 (103.03–141.7) 165.0 (130.0–216.0) 1.02 1.02 –1.04 < 0.001

Cholesterol (mg/dl)b 159.5 (122.0–178.2) 165.0 (138.0–194.0) 1.01 1.01–1.03 0.009

Triglycerides (mg/dl)b 120.0 (83.2–138.7) 130.6 (91.0–163.0 1.01 1.01–1.04 0.032

Table 3 Binary regression analyses of  factors related 
to poor glycemic control in eastern Sudan

a Controlled for triglyceride

Variable OR 95% CI P

Un-married 3.64 1.21–10.90 0.021

Duration of diabetes (years) 1.04 0.99–1.10 0.085

Add sugar to the food 1.84 1.11–3.05 0.017

Drug used 1.05 0.66–1.65 0.830

Cholesterol (mg/dl)a 1.01 1.01–1.02 0.036

Triglycerides (mg/dl) 1.01 0.99–1.01 0.170
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It has been observed that only 33.8% of patients in 
eastern Saudi were achieving their glycemic control tar-
get (fasting or random capillary blood glucose < 130 or 
< 180  mg/dL respectively). Higher age, current smoking 
and lower level of physical activity were the predictors 
for uncontrolled diabetes [24]. The current study and the 
later ones should be compared cautiously because some 
of them used the fasting glucose to assess the glycemic 
control while we used HbA1c to assess the glycemic con-
trol. HbA1c is a reliable standard indicator to predict the 
control of diabetes mellitus as it reflects status of blood 
sugar during last 4 weeks to months and is not affected 
by many factors such as acute stress or fasting state.

The current study showed that age, duration of diabetes 
and BMI were not associated with poor glycemic control. 
The lack of association between these factors and glyce-
mic control in our study is in contrast with the findings 
by Kamuhabwa and Charles in Tanzania [18]. Kamu-
habwa and Charles have shown the longer duration of the 
diabetes was associated with poor glycemic control [18]. 
The plausible explanation of the association between the 
longer duration of diabetes and the poor glycemic control 
is the exhaustion of the pancreas to produce more insu-
lin. The difference in the results between our findings and 
the Tanzanian ones could be explain by the difference in 
the socio-demographic and ethnic characteristics.

Education and employment were not associated with 
poor glycemic control in the current study. This goes 
with the previous report from Sudan [22] and Tanzania 
[18] where education was not associated with glycemic 
control. It has been shown that education was positively 
associated with good glycemic control [14]. Education 
(diabetes education) could be an important tool to raise 
patient awareness and have a positive impact on glycae-
mic control.

In the current study being unmarried participants were 
at 3.64 higher risks to have poor glycemic control. This is 
in contrast with the findings of the previous study [18]. 
Perhaps unmarried patients might lack the adequate/suf-
ficient care of the family or for the same reason that they 
were un-married and have poor glycemic control.

The current study showed that patients who were add-
ing sugar to the drinks were 1.84 times at higher risk to 
have poor glycemic control. This is in line with the find-
ings of the previous study in central Sudan [25]. The habit 
of adding sugar to drinks in this region of Sudan needs to 
be addressed further to achieve a good glycemic control. 
However, the dietary habits and their effects on diabetes 
and its control are beyond the scope of the current study.

The finding of the association between high cholesterol 
level and poor glycemic control (OR = 1.01, 95% CI 1.01–
1.02) in our study was previously reported in Central 
Sudan where high plasma triglyceride, low high density 

lipoproteins were associated with poor glycemic con-
trol [21]. Perhaps the high level of the cholesterol among 
patients with poor glycemic control was the result of the 
poor glycemic control rather than cause. It is difficult to 
dissect the cause/effect relation between dyslipidaemia 
and poor glycemic control by cross sectional study. A 
longitudinal study is needed.

Conclusion
The rate of uncontrolled type 2 diabetes mellitus was 
considerably high especially among unmarried patients 
and patients who were adding sugar to the drinks and 
had high cholesterol levels.

Limitations of the study
Other factors (hemoglobinopathies, change in eryth-
rocyte life span, ethnicity) that may have an influence 
on HbA1c were not investigated. Furthermore, physical 
activity and psychological status may have effects on gly-
cemic control and the outcomes of diabetes care were not 
investigated too.
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