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Background: Despite the recent advances of diabetes mellitus (DM) management, a gap in
overall diabetic patient care prevails; consequently, the burden of serious and devastating
disease complications is in progress. Therefore, the current research seeks to investigate the
limited data concerning DM complications in Kordofan, Sudan. Methodology: This is a
retrospective descriptive study conducted at El-Obeid Teaching Hospital spanning the period
from July 1, 2026, to September 3, 2026. The hospital is located in El-Obeid City, which is the
largest city in Kordofan and the capital of the North Kordofan State. The sample size
encompasses all the individuals admitted to the hospital with DM complications during the
designated time frame without any demographic characteristics. Results: We studied 117
patients with diabetes, ranging in age from 20 to 80 years, with a mean age of 52.54 and
standard deviation (SD) of 13.45 years. This comprises 25/117 (21.4%) males and 92 (78.6%)
females. The dominant age group of the individuals was =60 years, represented by 32/117
(27.4%), followed by <40 years, 41-45, and the age group 56-60 at equal representation, 19
(16.2%). The most frequent complications observed were peripheral neuropathy (58.8%),
diabetic foot ulcers (29%), transient ischemic attack (TIA) (14.5%), retinopathy (11.1%), and
stroke (5.9%). Conclusion: diabetic patients in Kordofan generally presented with long-
standing disease, poor glycemic control, and a high rate of complications. The most common
complications observed were peripheral neuropathy, diabetic foot ulcers, retinopathy,
transient ischemic attack (TIA), and stroke. These results emphasize the significance of early
detection, optimal disease management, and timely detection and intervention for
complications. In addition, regional protocols should be developed to support patient
education, lifestyle changes, and standardized treatment strategies.

Keywords: Diabetes mellitus, complications, retinopathy, neuropathy, foot ulcer, stroke, TIA,
Sudan.
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Diabetic Complications in Kordofan States, Sudan
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Introduction

Diabetes mellitus (DM), which affects over
537 million individuals in the world, remains
a global health issue with a rising
prevalence, alongside serious
complications, disability, and mortality.
Nevertheless, the disease remains poorly
managed, highlighting a significant gap in
overall diabetic patient care, despite recent
advances in diagnosis and treatment. The
global burden amounts to approximately
0.22% of the annual worldwide gross
domestic product ($10.2 trillion in 2017
dollars). DM is recently ranked as the ninth
foremost cause of global mortality, with
approximately one in every eleven adults
suffering from the disease, with 90% of the
total cases being type 2 diabetes (T2DM).
T2DM affects over 400 million people
globally. The disease is due to the shared
effects of genetics and environmental
factors. Therelative deficiency of insulin, the
principal pathological characteristic of
T2DM, is intricately linked to both insulin
resistance and B-cell dysfunction and is
closely associated with the pancreatic
insulin resistance and B-cell dysfunction.
These mechanisms involve the
dedifferentiation of B-cells, along with

Long-standing diabetes, poor glycemic control, and high complication burden — strengthen early detection,
glycemic control, complication screening, patient education, lifestyle modification, and regional protocols.

mitochondrial dysfunction and oxidative
stress. The Asian continent represents an
emerging region of increasing global
endemicity of T2DM, particularly in
countries like China and India. The
determinants of the recent global epidemic
are many factors that interacted together to
influence an individual susceptibility to
T2DM; these include genetics, unhealthy
diets, and sedentary lifestyles with
increasing weight and reduced regular
physical activity. However, the genetic
components of the individual constitute the
main determinants of increasing
vulnerability to T2DM [1-5]. Chronic
hyperglycemia that is not properly
controlled and managed can lead to serious
metabolic dysfunctions affecting important
organs in the body, resulting in damage to
tissues and organs throughout the body.
Microvascular  complications  include
diabetic neuropathy, retinopathy, and
nephropathy, while macrovascular
complications include diabetic heart
disease and stroke. Both type 1 and type 2
diabetes have macrovascular problems such
as diabetic heart disease and stroke, as well
as other macrovascular issues. Diabetic



microangiopathy and macroangiopathy of
the vascular system exemplify the severe
long-term consequences of poor metabolic
control [6,7]. Sudan, like other Sub-Saharan
African countries, continues to have a high
prevalence rate of DM [8, 9]. Given the
ongoing armed conflict, we expect an

Materials and Methods

This is a retrospective descriptive study
conducted at El-Obeid Teaching Hospital
spanning from the period July 1, 2026, to
September 3, 2026. The hospital is located
in El-Obeid City, which is the largest city in
Kordofan and the capital of the North
Kordofan State. Due to the ongoing
Sudanese armed conflict, the hospital
serves as the primary access pointfor health
services and caters to a large number of
people from various states across the
country. The sample size encompasses all
the individuals admitted to the hospital with
DM complications during the designated
time frame without any demographic
characteristics. The relevant data of the

Results

We studied 117 patients with diabetes,
ranging in age from 20 to 80 years, with a
mean age of 52.54 and a standard deviation
(SD) of 13.45 years. This comprises 25/117
(21.4%) males and 92 (78.6%) females. The
dominant age group of the individuals was
=260 years, represented by 32/117 (27.4%),
followed by <40 years, 41-45, and the age
group 56-60 at equal representation, 19
(16.2%). Concerning the marital status of
the participants, most of them were married
at 98/117 (83.8%), followed by widowed and

increase in disease complications and poor
metabolic control due to high treatment
costs and an ill-equipped health system.
Therefore, the current research seeks to
investigate the limited data concerning DM
complications in Kordofan, Sudan.

patients concerning the research was
retrieved from the records of the hospital
through a well-structured self-administered
questionnaire.

Statistical analysis

After the relevant data were retrieved, we
put them in the data sheet prior to being
entered into the Statistical Package for
Social Sciences (SPSS, version 31, IBM,
Chicago, USA). Data was computed, and
analysis of the variables and
crosstabulations and the Pearson's square
test were all done through SPSS. The 95%
confidence level and interval were used with
a P-value of < 0.05, which was deemed
statistically significant.

single status, constituting 9 (7.7%) and 6
(5.1%), respectively. Regarding the
education level, the bulk of the patients had
a primary level of education, followed by
illiterate and secondary education levels
with incidence rates of 50/117 (42.7%), 44
(87.6%), and 15 (12.8%), respectively. Table
1 and Figure 1 illustrated that most of the
individuals were housewives, followed by
unemployed and free workers, represented
by 48/117 (41%), 28 (23.9%), and 18 (15.4%),
respectively.

Table 1: lllustrations of the demographic characteristics of the individuals

Variable Males n=25 Females n=92 Totaln=117
Age

<40 vyears 2 17 19

41-45 2 17 19

46-50 3 11 14

51-55 2 12 14

56-60 5 14 19

>60 11 21 32

Total 25 92 117

Marital status




Single 1 5 6
Married 22 76 98
Divorced 0 4 4
Widowed 2 7 9
Total 25 92 117
Education
Iliterate 10 34 44
Primary 9 41 50
Secondary 2 13 15
University 3 4 7
Other 1 0 1
Total 25 92 117
Occupation
Employee 3 10 13
Free workers 10 8 18
Farmers 4 3 7
Housewife 1 47 48
Student 0 1 1
Retired 1 1 2
Unemployed 6 22 28
Total 25 92 117
Refugees
Yes 6 21 27
No 19 71 89
Total 25 92 117
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Figure 1 depicts the demographic features of the individuals.

Regarding the duration of DM, most of the
individuals had a disease duration of > 10
years, followed by those with a duration of 5-
10 years and < 5 years, representing 56/117
(47.9%), 34 (29%), and 19 (16.2%),
respectively. Regarding the treatment
strategies, most patients received oral
antidiabetic medications, accounting for 75
out of 117 (64.1%), followed by insulin at 28

Regarding metabolic control, the majority of
participants were poorly controlled, with
FBG levels > 180 mg/dl, followed by those
with FBG levels in the ranges of 131-180
mg/dland 80-130 mg/dl, constituting 48/117
(41%), 34 (29%), and 28 (23.9%),
respectively. As indicated in Table 2 and
Figure 2, the bulk of the patients, 75/117
(64%), had their regular medical checkups

(23.9%), and combination therapy and within 3 months.
dietary control, each representing 7 (5.98%).
Table 2 describes the relationship between the duration of DM, treatment strategies,

control, and the frequency of medical checkups.

Variable Males n=25 Females n=92 Totaln=117
DM duration

Newl DM 1 7 8
<byears 3 16 19
5-10 2 32 34
>10 19 37 56
Total 25 92 117
Treatments

Dietary control 2 5 7
Oral drugs 13 62 75
Insulin 7 21 28
Combination (oral + 3 4 7
Insulin)

Total 25 92 117
FBG level

<79 mg/dl 2 5 7
80-130 6 22 28
131180 7 27 34
>180 10 38 48
Total 25 92 117
Medical check up

Firstcheck up 1 5 6
<3 months 13 62 75
>3 months 11 25 36
Total 25 92 117
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Figure 2 depicts the relationship between the duration of the disease, treatment strategies,
control, and the frequency of medical checkups.

In this cohort, 19 out of 117 participants
(16.2%) had a fundal examination; among
these, 4 out of 19 (21%) were males and 15
(78.9%) were females, with retinopathy
reported in 13 individuals (11.1%); of these,
6 outof 13 (46.1%) were males and 7 (53.8%)
were females. Peripheral neuropathy was
seenin 70/117 (60.5%); 14/70 (20%) of them
were males and 56 (80%) were females. Of
the 30/117 (25.6%) individuals with

peripheral arterial disease (PAD), males
were 4/30 (13.3%) and females were 26
(86.7%). Diabetic ulcers were found in
34/117 (29%); males constituted 14/34
(41%) of them, while females were 20
(58.8%). Amputation was seen in 8/117
(6.8%) of the patients; 5/8 (62.5%) of them
were males and 3 (37.5%) were females, as
indicated in Table 3 and Figure 3.

Table 3 explains the relationship between sex, fundal examination, retinopathy,

neuropathy, PAD, leg ulcer, and amputation.

Variable Males n=25 Females n=92 Totaln=117
Fundal exam

Yes 4 15 19

No 21 77 98

Total 25 92 117
Retinopathy

Yes 7 13

No 17 78 95




Don't know 2 7 9
Total 25 92 117
Neuropathy

Yes 14 56 70
No 11 36 47
Total 24 92 117
PAD

Yes 4 26 30
No 21 66 87
Total 25 92 117
Diabetic foot

Yes 14 20 34
No 11 72 83
Total 25 92 117
Amputation

Yes 5 3 8
No 20 89 109
Total 25 92 117
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Figure 3: Demonstration of the relationship between sex, fundal examination, and DM
complications.

Of the 4/117 (3.4%) patients with chronic (33.3%) of them were females. Table 4, Fig
kidney disease (CKD), % (25%) were males 4, demonstrated that stroke and TIA were
and 3 (75%) were females. Coronary artery reported in 7/117 (5.98%) and 17 (14.5%),
disease was seen in 3/117 (2.6%); 2/3 respectively.

(66.6%) of them were males, and one-third



Table 4, illustration of the relationship between sex, CKD, CAD, stroke, and TIA.

Variable Males n=25 Females n=92 Totaln=117
CKD
Yes 1 3 4
No 24 89 113
Total 25 92 117
CAD
Yes 2 1 3
No 23 91 114
Total 25 92 117
Stroke
Yes 3 4 7
No 22 88 110
Total 25 92 117
TIA
Yes 9 8 17
No 16 84 100
Total 25 92 117
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Figure 4 depicts the relationship between sex and DM complications.

Of the 13 out of 117 patients (11.1%) with
retinopathy, 10 (76.9%) had a disease
duration of more than 10 years, 2 (15.4%)
had a duration of 5-10 years, and none were
new patients. Additionally, most neuropathy

patients, specifically 36 out of 70 (51.4%),
were reported to have a disease duration of
more than 10 years, followed by 18 patients
(25.7%) with a duration of 5-10 years. Table
5 and Figure 5 demonstrated that PAD,



diabetic leg ulcers, and amputations were
all encountered more commonly in disease
10 years,

durations of

more tha

n

represented by 12/30 (40%), 23/34 (67.6%),
and 7/8 (87.5%), respectively.

Table 5 demonstrates the relationship between the DM duration and complications.

Neuropathy
Don't know
No
Retinopathy
No

Fundal exam

-

Percentage

Figure 5 depicts the relationship between DM duration and complications.
Of the 4 patients with CKD, 3% (75%) had a
disease duration of more than 10 years,

Variable New DM <5years 5-10 years >10 years Total
Fundal exam
Yes 0 0 6 13 19
No 8 19 28 43 98
Total 8 19 34 56 117
Retinopathy
Yes 0 1 2 10 13
No 7 17 29 41 95
Don't know 0 1 3 5 9
Total 7 19 34 56 117
Neuropathy
Yes 5 11 18 36 70
No 3 8 16 20 47
Total 8 19 34 56 117
PAD
Yes 3 4 7 12 30
No 5 15 25 42 85
Total 8 19 36 54 117
Diabetic foot
Yes 1 5 5 23 34
No 7 14 29 33 83
Total 8 19 34 56 117
Amputation
Yes 0 1 0 7 8
No 8 18 34 49 109
Total 8 19 34 56 117
~°? EEN New DM
S -5 years
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while 2/3 (66.7%) of individuals with CAD that the majority of individuals with TIA, 14
were found in the disease duration 5-10 out of 17 (82.4%), had a disease duration of
years category. Table 6 and Figure 6 showed more than 10 years.

Table 6 provides a description of the relationship between the duration of diabetes mellitus
(DM) and its complications.

Variable New DM <5years 5-10 years >10 years Total
CKD

Yes 0 1 0 3 4
No 8 18 34 53 113
Total 8 19 34 56 117
CAD

Yes 0 1 2 0 3
No 8 18 32 56 114
Total 8 19 34 56 117
Stroke

Yes 1 3 1 2 7
No 7 16 34 53 110
Total 8 19 35 55 117
TIA

Yes 0 3 0 14 17
No 8 16 34 42 100
Total 8 19 34 56 117
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Figure 6, illustration of the relationship between DM duration and complications

Discussion

The majority of the patients with DM-related research confirmed the associations of the
complications in this research had DM prolonged DM duration and the
durations of more than 10 years. Previous development of certain complications like

10



diabetic retinopathy and also reported that it
carries a poor prognosis after coronary
artery bypass graft (CABG) for the treatment
of individuals with acute myocardial
infarction [10, 11]. Although the prolonged
duration of the disease and the poor
metabolic control observed in this cohort
may explain the high rate of complications,
other factors, such as the demographic
characteristics of the individuals and
specific patient profiles like racial and
genetic factors, may also contribute to this
issue. In this cohort, 70% of the individuals
had their fasting blood glucose exceeding
130 mg/dl and 41% exceeding 180 mg/dl.
The standard for assessing metabolic
control is glycated hemoglobin (Hb A1C),
but it was not used in this study because not
all participants had it. This finding of poor
metabolic control highlights the tragic
effects of the ongoing Sudan armed conflict,
with millions of people displaced from their
homes. The disrupted, fragile, existing
health  system, together with the
unavailability and high cost of the
medications, added insult to the injury,
resulting in poor metabolic control and a
high prevalence rate of the complications.
Previous research from Sudan
demonstrated the devastating effect of this
ongoing tragic armed conflict on the
glycemic control and increase in the
prevalence rate of DM complications,
notably diabetic foot and retinopathy [12].

In the current study, the most frequently
reported complication is diabetic peripheral
neuropathy (DPN), which constituted
58.8%; 51.4% of them had a disease
duration of more than 10 years. Previous
research from Sudan reported a prevalence
rate of diabetic peripheral neuropathy of
43%. Worldwide, DPN is the most common
complication of DM, and the prevalence is
more than 50% in individuals with
longstanding disease; however, a range of
about 8% was reported in newly diagnosed
individuals [9]. Research from China,
recruiting 14,908, reported a prevalence of
DPN of 67.6% [13]. Another study from

Saudia Arabia, including 187 patients,
reported a 37.4% prevalence of DPN [14].
This wide variation of the magnitude of DPN
may be related to the disease duration and
the metabolic control, but the scoring
systems adopted in the workup of the
conditions, besides the demographics and
environmental factors, may be implicated.
The most important scoring systems used
for DPN assessment include the Toronto
clinical scoring system, the neuropathy
symptoms scoring system, and the
neuropathy disability score [13, 15]. In this
cohort, diabetic foot emerged as the second
most common complication, affecting 29%
of individuals, with 67.6% of them having
long-term diabetes. This finding is higher
than previous research from Sudan. In a
cross-sectional study recruiting 648 adult
Sudanese T2DM patients, diabetic foot ulcer
(DFU) was reported in 10.6% of the cases
[16]. However, in the world, the lifetime
incidence of DFUs in patients with DM is 19-
34%. Research links DFU's pathophysiology
to the direct effect of the interrelations of
peripheral neuropathy and peripheral
arterial disease or a combined structural
abnormality of the foot beside the ongoing
physical pressure. Itis a major preventable
cause of lower limb amputation worldwide,
and it also significantly increases the risk of
disability and premature death in individuals
with DM [17, 18].

In this series diabetic retinopathy (DR) was
foundin 11.1% of the cases. DR is one of the
major causes of preventable blindness in
the world. Chronic hyperglycemia, which is
the hallmark of DM, plays a pivotalrole in the
pathogenesis and progression of DR. The
ocular immune activation and early retinal
neurodegenerative changes seenin patients
with DR are linked to chronic hyperglycemia,
inflammation, oxidative stress, and gut
microbiota  dysregulation and their
metabolites. Research demonstrated that
early detections of DM and appropriate
metabolic control have beneficial roles in
the prevention and progression of DR.
Moreover, evidence suggests that

11



implementing strict dietary control and
dietary modifications, along with regular
physical activity, can slow or prevent the
early progression of DR, reduce the disease
burden, and ultimately prevent blindness
[19, 20].

In the current research, stroke and TIA were
reported in 5.9% and 14.5%,
respectively. DM is known to affect the
microvascular and macrovascular
circulations of many systems, including the
central and peripheral nervous systems.
Research demonstrated the association of
T2DM and a significant risk of stroke, which
was reported in the range of 1.5 to 3 times
higher than people with normal blood sugar.
Research confirmed the poor prognosis and
recovery of diabetic individuals with acute
ischemic  stroke  through unknown
mechanisms. Although the traditional
concept of controlling the risk factors is the
basic foundation of primary and secondary
prevention, the risk of recurrent stroke in
these patients is still high. Recent research
shows the effect of the antidiabetic
medications glucagon-like peptide 1
receptor agonist (GLP1-RA) and pioglitazone
in the primary and secondary prevention.
Therefore, the American Heart Association
(AHA) and the American Stroke Association
(ASA) recommend GLP1-RA for adults with
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