ISSN No. 2456-4400 ] J ]V] LR International Journal of
Int J Med Lab Res 2025, 10(2),6-19 Medical Laboratory Research

RESEARCH ARTICLE

ASSESSMENT OF ERYTHROPOIETIN AND RENAL BIOMARKERS OF DIABETICS WITH
COMPLICATIONS IN BENIN CITY, EDO STATE

UI Abdulkadir!, RO Omoregie?, BIG Adejumo?, FO Oyakhire’, EO Akhaumere*, WP Udoh’, AJP Kamdem®,
IMM Otutu?, GE Obasuyi?, AO Ogbebor?, FO Aiyesoro’ E Samson®, EOA Egwuakhide’

!Department of Medical Laboratory Science, Federal University, Lafia, Nasarawa state

’Department of Medical Laboratory Science, University of Benin, Benin City, Edo State.

’Department of Medical Laboratory Science, Faculty of Allied Health Sciences, Benson Idahosa University, Benin City, Edo
state.

‘Department of Chemical Pathology, National Hospital, Abuja.

SFederal College of Medical Laboratory Science and Technology, University Teaching Hospital, Jos, Plateau State.

*Department of Hematology, College of Medical Sciences, University of Benin, Edo State.
7 Department of Medical Laboratory Science, College of Health Sciences, Akure, Ondo State.
8Department of Natural Science, Faculty of Science and Technology, Middlesex University, London, United Kingdom.

° Department of Pediatric, Noel Specialist Hospital, Benin City.

Received: 03 January, 2025 /Revision: 14 January, 2025 /Accepted: 17 April, 2025
ABSTRACT: Chronic diabetes mellitus is a metabolic disorder characterized by persistent hyperglycemia and
associated complications. Assessing erythropoietin (EPO) levels and glycated hemoglobin (HbA1c¢) levels in diabetic
patients can provide valuable insights into the management and progression of the disease. This study aimed to assess

the levels of erythropoietin and renal parameters in patients with complications of diabetes mellitus and evaluate the
clinical implications of these assessments. A total of eighty-one consenting participants including 21 patients presenting
complications of diabetes mellitus, 30 diabetic patients without any complications, and 30 heathy control persons
without history of diabetes mellitus. Erythropoietin level was measured using enzyme-linked immunosorbent assay
(ELISA), and HbAlc levels were also determined through modified enzymatic reaction, packed cell volume,
haemoglobin, urea and creatinine values were determined using standard methods. Demographic and clinical data,
including age, gender, diabetes duration, and medication history, were collected via questionnaires. Statistical analysis
was performed to determine the correlation between EPO levels and HbAlc levels. Values obtained in this study was
presented as mean =+ standard deviation (levels of significance were accepted at p<0.001). In this study, high HbAlc
levels among diabetic patients with complications were associated with a diet rich in protein and carbohydrates.
Additionally, the increased erythropoietin levels were attributed to the absence of nephropathy, a condition typically
linked to lower erythropoietin levels, in these patients. Further research is warranted to explore the clinical implications
of these assessments in predicting diabetes complications and guiding therapeutic interventions.
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INTRODUCTION:

Diabetes mellitus (DM) is a carbohydrate metabolism
disorder which is caused due to impairment in insulin
secretion and/or the activity of insulin, leading to
chronic hyperglycemia with defective carbohydrate,
fat and protein metabolism 1. DM could also be
referred to as a diverse group of metabolic disorders
with associated high disease burden in developing
countries, for example Nigeria 2. It is known as a
leading global health problem, and risk factor for
blindness, vascular brain diseases, renal failure, and
limb amputations, among others ). In Nigeria, the
current prevalence of DM among adults aged 20-69
years is 1.7% 4,

In patients with diabetes mellitus, years of poorly
treated diabetes mellitus are associated with a myriad
of microvascular (affects small vessels) and
macrovascular (affects large vessels) complications B,
The most commonly documented microvascular
complications of diabetes mellitus are neuropathy,
nephropathy, and retinopathy while macrovascular
complications  include  myocardial infarction,
peripheral arterial disease, and stroke 1°/,

Diabetic retinopathy is a common cause of
adult blindness and is characterized initially by retinal
capillary microaneurysms (background retinopathy)
and later by neovascularization (proliferative
retinopathy) and macular edema ©*'. There are no early
symptoms or signs, but focal blurring, vitreous or
retinal detachment, and partial or total vision loss
eventually develop; rate of progression is highly
variable B). Diabetic nephropathy is a leading cause of
chronic kidney disease and is characterized by
thickening of the glomerular basement membrane,
mesangial expansion, and glomerular sclerosis. These
changes cause glomerular hypertension and
progressive decline in glomerular filtration rate 1!,
Systemic hypertension may accelerate progression.
The disease is usually asymptomatic until nephrotic
syndrome or renal failure develops Pl Diabetic
neuropathy is the result of nerve ischemia due to
microvascular disease, direct effects of hyperglycemia

on neurons, and intracellular metabolic changes that
impair nerve function ©/,

Anemia is the most common blood disorder and
a common finding in patients with diabetes . The
development and progression of microvascular and
macrovascular complications in diabetes is associated
with anemia 7). Anemia mostly occurs in diabetes
mellitus patients who also have renal impairment and
can be considered as a marker of kidney damage, and
anemia in diabetics has increased risk of mortality [,
Evidence indicates that the existence of anemia among
type 2 diabetes mellitus is typically associated with the
failure of the kidney to produce appropriate
erythropoietin [©I®I%] Diabetic neuropathy, chronic
inflammatory activity, increased levels of advanced
glycation end products (AGEs), erythropoietin hypo-
responsiveness, effects of oxidative stress, and anti-
diabetic medications are other possible cause of
anemia in DM patients P21 Growing evidence
indicates the anemia in type 2 diabetes mellitus
patients is a strong and independent indicator of
increased risk for diabetes-related macrovascular and
microvascular complications [PIEIMILSIIG] Tt causes
early occurrence and rapid progression of
complications like diabetic nephropathy, diabetic
retinopathy, diabetic neuropathy, end-stage renal
diseases, ischemic heart disease, and non-healing
diabetic foot ulcers (¢!,

Factors suggested as the reason for the earlier
onset of anemia in patients, include severe
symptomatic autonomic neuropathy, causing efferent
sympathetic denervation of the kidney and loss of
appropriate erythropoietin; damage to the renal
interstitium, systemic inflammation; and inhibition of

Pl Damage to the peritubular

erythropoietin release
fibroblasts can occur and lead to erythropoietin
deficiency and anemia before the loss of filtration [,
Correction of the anemia not only leads to less fatigue,
greater exercise tolerance, and improved quality of life
but also to a reduction in mortality and hospital
admissions for congestive heart failure (CHF) Dl

Promptly diagnosing and treating anemia in patients
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with diabetes may result in an improved quality of life
and decreased morbidity and mortality /.

Many literatures have reported studies on
complications of diabetes mellitus in Edo state, but to
the best of our knowledge, none has dwelled
extensively on the distribution pattern of this disease.
Hence, the justification of this study. The aim of this
study therefore is to assess the levels of erythropoietin
and renal parameters in patients with complications of
diabetes mellitus and evaluate the clinical implications

of these assessments in Edo State.

MATERIALS AND METHODS:

Study Design

This is a case control study of patients with
complicated and non-complicated diabetes mellitus.
The study was carried out at University of Benin
Teaching Hospital. A total of thirty (21) diabetics with
complications, thirty (30) without complications and
thirty (30) healthy controls participated in this study.
The diabetics were the patients who were attending
diabetes clinics at the University of Benin Teaching
Hospital, Benin City. The controls were the healthy
individuals of same age range with no history of
diabetes or any underlying ailments. They were
recruited within Benin City. A properly structured
questionnaire was administered to every participant to
obtain basic demographic details as well as
anthropometric characteristics after seeking their
consent.

Study participants

1. Diabetes with Complications - All adult males
and females with complicated diabetic
mellitus who gave consent to participate in the
study. The complications include: retinopathy,
neuropathy and nephropathy respectively.

2. Diabetes without Complications - Adult males
and females with diabetes mellitus (without
complication) who gave consent to participate
in the study.

3. Controls - Apparently healthy males and
females with no history of diabetes mellitus or
underlying illness who gave consent to
participate in the study.

Sample Size
The sample size for this study was determined based
on three factors:

1. The estimated prevalence of variable interest
from literature review

2. Confidence interval of 95%

3. The acceptable margin of error

The sample size was calculated according to the
following formula;
N=z2*p (1-p)
d2
Where;
N= required sample size
z = confidence level interval at 95% (standard
value of 1.96)
p = estimated prevalence of diabetes mellitus of

variable interest from literature review (2.1%) [17].

d = margin of error at 5% (standard value of 0.05)

N=1.92?x 0.021 (1-0.021) =30
0.05?
Ethical Approval
Ethical  approval with  Reference  number

ADM/E22/A/VOL.VII/148301129 was obtained from
the Health Research Ethics Committee, University of
Benin Teaching Hospital, Benin City, Edo State to
carry out this research. In addition, the recruited
participants gave their consents after a thorough
explanation of the rationale for the study and
information on the nature of the research, pains and
gains, as well as confidentiality by making use of a
questionnaire.

Questionnaire

The participants were administered with a structured
open-ended questionnaire, made up of simple
questions to elicit details about their personal data
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including age, sex, state of residence, level of
education, state of origin, occupation, alcohol
consumption, smoking history, marital status, level of
involvement in exercise, consumption of high calorie
carbohydrate meal, family history of diabetes mellitus,
current medications, as well as any underlying disease.
Other questions on the questionnaire included recent
loss of blood and the type of diabetic complications.

Sample Collection

Under aseptic conditions, about 5 millimeters of
venous blood samples was obtained from the ante-
cubital vein of each subject using a sterile needle and
syringe. Three millilitres of the blood was dispensed
into an ethylenediamineetraacetic acid (EDTA)
container, and other part (2millilitres), into a clean dry
plain container. The sample in the EDTA container
was used to examine the HbAlc, hemoglobin, and
PCV levels of the subject. The sample in the plain
container was left undisturbed for a few minutes to clot
and centrifuged at 4000 revolutions per minute for
about 5 minutes to separate serum from the clot. The
serum was then dispensed into another clean and dry
plain container, then stored at -20°C prior to analysis
of erythropoietin urea and creatinine levels
respectively.

Analysis of Parameters

Determination of Fasting Blood Glucose (FBG)
Level

Glucose levels of the participant was determined using
glucose oxidase method, using a Randox glucose
reagent with LOT number GAB2002R, and the test
was done following the manufacturer’s instructions
(Kumar, 2018) 181,

Glycosylated Haemoglobin (HbA1c)

The estimation of HbAlc was done by the modified
enzymatic method from the EDTA sample within 12
hours by following the manufacturer’s protocols. The
kit was commercially purchased from Fortress with
LOT number 220525. The diagnosis of diabetes was
established considering the American Diabetes

Association diagnostic criterion of HbAlc level > 6.5%
[19]

Determination of Packed Cell Volume

The Packed Cell Volume was determined using
microhematocrit method, according to the
manufacturer’s instruction %,

Determination of Hemoglobin Level
Hemoglobin levels of the participants were determined
using cyanmethemoglobin method, according to the

manufacturer’s instruction 2.

Determination of Urea Level

The urea levels of the participants were determined
using colorimetric method, according to the
manufacturer’s instructions. The reagent was
commercially purchased from Randox company,
United Kingdom with LOT number 637861 22,

Determination of Creatinine Level

Creatinine level was determined by Jaffe’s method,
according to the manufacturer’s instruction (2%,
Creatinine reagent was gotten from Randox company

with LOT number 630901.

Determination of Erythropoietin Level
Erythropoietin  level was  determined using
Elabscience ELISA kit with LOT number
ER164VFB1442, according to the manufacturer’s
instructions 124,

Statistical Analysis

The questionnaires were screened for completeness,
coded and data will be entered into the independent
student t- Test version 25.0 software. Values obtained
in this study will be presented as mean =+ standard
deviation (levels of significance were accepted at
p<0.05).
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RESULTS:

Table 1 shows the socio-demographic characteristics
of the study population. The study population
comprises 30 diabetes patients without complications,
21 diabetes patients with complications and 30 healthy
non-diabetic controls. A greater percentage of the non-
diabetic control were young adults (96.7%), females
(96.7%), had no family history of diabetes (86.7%),
were single (93.3%), unemployed (86.7%), had
obtained tertiary education (100%) and of the Benin
ethnic group (33.3%). A greater proportion of the
diabetic patients without complications had suffered
from the disease for 5 — 10 years (50%); were of the
middle-age class (56.7%); were females (66.7%); had
family history of diabetes mellitus (90%); were
married (96.7%), retired (63.3%), had obtained tertiary
education (80%) and from Benin city (70%). Majority
of the diabetic patients with complications had
suffered from diabetes for 5 — 10 years (66.7%); were
of the elderly adult class (57.1%); were males (85.7%);
had family history of diabetes mellitus (81%); were
married (100%), retired (85.7%), had obtained tertiary
education (85.7%) and from Benin city (52.4%).

Table 1. The Socio - Demographic Characteristics of the
Study Population

Characteristics Study Groups Total
Non- Diabetic Diabetic

Diabet  Without With

ic Complica  Complica
tion tion
Duratio >10yrs 0 (0) 8(26.7) 7(33.3) 15(18.
n of 5)
Diabetes  0-Syrs 0(0) 7(23.3) 0(0) 7 (8.6)
Mellitus ~ 5-10yrs 0(0) 15 (50.0) 14 (66.7) 29(35.
8)
Nil 30 0(0) 0 (0) 30(37.
(100) 0)
Age Young 29 1(3.3) 0(0) 30(37.
Groups (96.7) 0)
Middle- 1(3.3) 17(56.7) 9(42.9) 27(33.
Age 3)
Elderly 0(0) 12 (40.0) 12 (57.1) 24(29.
6)
Sex Females 29 20 (66.7) 3(14.3) 52(64.
(96.7) 2)

Males 1(3.3) 10(33.3) 18 (85.7) 29(35.
8)
History No 26 3 (10.0) 4 (19.0) 33(40.
of (86.7) 7)
Diabetes  Yes 4 27 (90.0) 17 (81.0) 48(59.
Mellitus (13.3) 3)
Marital Married 2(6.7) 29(96.7) 21(100.0)  52(64.
Status 2)
Single 28 1(3.3) 0 (0) 29(35.
(93.3) 8)
Occupat  Employe 4 8(26.7) 0(0) 12(14.
ion d (13.3) 8)
Retired 0(0) 19 (63.3) 18 (85.7) 37(45.
7)
Unemplo 26 3 (10.0) 3(14.3) 32(39.
yed (86.7) 5)
Educati Primary 0 (0) 5(16.7) 3(14.3) 8(9.9)
onal Secondar 0 (0) 1(3.3) 0(0) 1(1.2)
Status y
Tertiary 30(100 24 (80.0) 18 (85.7) 72(88.
.0) 9)
Ethnic Agbor 0(0) 1(3.3) 0(0) 1
ity (1.2)
Auchi 0(0) 1(3.3) 0(0) 1
(1.2)
Benin 10 21 11 42(51
(33.3) (70.0) (52.4) .9)
Eshan 5 2 (6.7) 3(14.3) 10(12
(16.7 .3)
)
Etsako 1 0(0) 0(0) 1
(3.3) (1.2)
Ghana 1 0(0) 0(0) 1
(3.3) (1.2)
Igbo 6 1(3.3) 0(0) 7
(20.0 (8.6)
)
Tka 1 0(0) 0(0) 1
(3.3) (1.2)
Isoko 1 0(0) 0(0) 1
(3.3) (1.2)
Unkno 1 0(0) 0(0) 1
wn (3.3) (1.2)
Urhobo 2 3(10.0) 0(0) 5
6.7) (6.2)
Yoruba 2 1(3.3) 7(33.3) 10(12
6.7) .3)

Table 2 shows selected life-style and clinical
characteristics of the study population. Majority of the
control subjects did not take nutritional supplements
(96.7%); received daily sunlight (100%); performed
daily exercise (96.7%); do not take alcohol (80%); do
not smoke (100%); consume high carbohydrate, high
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protein diets (90%); indicated no blood loss (83.3%);
and did not show any diabetes complications (100%).
A greater percentage of the diabetes patients without
complications had type 2 diabetes (80%); were taking
diabetes medications (100%); were not taking
nutritional supplements (86.7%); received daily
sunlight (100%); performed daily exercise (100%); do
not take alcohol (100%); do not smoke (100%);
consume high carbohydrate, high protein diets (70%);
indicated no blood loss (86.7%); and did not show any
diabetes complications (100%). Most of the diabetes
patients with complications had type 2 diabetes
(51.9%); were taking diabetes medications (63%);
were not taking nutritional supplements (93.8%);
received daily sunlight (100%); performed daily
exercise (98.8%); do not take alcohol (90.1%); do not
smoke (100%); consume high carbohydrate, high
protein diets (80.2%); indicated no blood loss (88.9%);
and did not show any diabetes complications (74.1%).
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Figure 1. The Mean Glycated Hemoglobin Levels of the
Study Population.

The mean glycated hemoglobin levels of the study
population are shown in Figure 1. Analysis of
variance and a post-hoc analysis indicated that non-
diabetic control had a significantly lower (p < 0.001)

mean HBA1c (5.90 + 1.28%) compared with diabetes
patients without complications (8.57 + 2.71%) and
those with complications (12.08 + 0.73%). Diabetic
patients  with  complications also indicated
significantly higher (p < 0.001) mean HBAIlc level
compared with patients without complications.

Table 2. Selected Life - Style and Clinical
Characteristics of the Study Population
GROUP Total
Contro DWO DWC
1 C
Type  of Nil 30 0 (0) 0 (0) 30(37.)
Diabetes (100)
Mellitus Type 1 0 (0) 6 3 9
(20.0) (143)  (11.1)
Type 2 0 (0) 24(80.  18(85.  42(5l.
0) 7 9)
Diabetes Yes 0 (0) 30100 21(100  51(63.
Medication ) ) 0)
None 30 0(0) 0 (0) 30(37.
(100) 0)
Nutritional No 29(96. 26(86. 21 76(93.
Supplement 7) 7) (100) 8)
Yes 133) 4 0 (0) 5(6.2)
(13.3)
Daily No 0 (0) (0) 0) (0)
Sunlight Yes 30 30 21 81

(100)  (100)  (100)  (100)

Daily Yes 29(96. 30 21 80(98.
Exercise 7) (100) (100) 8)
No 1(33) 0(0) 0(0) 1(1.2)
Alcohol No 24(80.  28(93. 21 73(90.
0) 3) (100) 1)
Yes 6 2(6.7) 0(0) 8(9.9)
(20.0)
Smoking No 30 30 21 81
(100) (100) (100) (100)
Yes 0) ©) 0) (0)
Dietary High 27(90.  21(70. 17(81. 65
Intake Carbohydra  0) 0) 0) (80.2
te, High
Protein
High 1(33) 0(0) 0(0) 1(1.2)
Carbohydra
te, Low
Protein
Low 2.7 9 4 15(18.
Carbohydra (30.0) (19.0) 5)
te, High
Protein
Blood Loss Injury 0 (0) 4 0(0) 4(4.9)
(13.3)
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Menstruatio 5 0(0) 0(0) 5(6.2)
n (16.7)
None 25(83.  26(86. 21 72(88.
3) 7) (100) 9)
Complicatio  Foot Ulcer 0(0) 0(0) 4 4(4.9)
ns (19.0)
Retinopath 0 (0) 0 (0) 13(61. 13(16.
y 9) 0)
Neuropathy 0 (0) 0 (0) 4 4(4.9)
(19.0)
None 30 30 0 (0) 60(74.

(100) (100) 1)
Abbreviations: DWOC, diabetics without complications; DWC, diabetics
with complications.

Figure 2 shows the mean fasting glucose level of the
study population. Data indicate significantly lower (p
< 0.001) mean fasting blood sugar in non-diabetic
control (92.60 + 12.21 mmol/L) compared with
diabetic patients without complications (166.16 & 80.8
mmol/L) and those with complications (184.85 =+
83.43 mmol/L). There was no significant difference in
mean FBS between diabetic patients with
complications compared with patients without
complications (p = 0.319).
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Figure 2. The Mean Fasting Glucose Level of the Study
Population

The mean erythropoietin level of the study population
is shown in Figure 3. Data indicates a significantly
higher mean erythropoietin level in the control group
(332.27 £ 106.04 IU) compared with patients without
complications (274.73 + 52.19 IU) and those with
complications (242.86 + 23.44 IU). However, no
significant differences were observed between
diabetic patients with complications and those without
complications (p = 0.129).

Erythropoietin (V)

Key — DWOC — Diabetes without Complication
DWC — Diabetes with Complication

Figure 3. The Mean Erythropoietin Level of the Study
Population

The mean urea level of the study population is
presented in Figure 4. Data shows that the control
group (17.46 = 4.82 mmol/L) indicated significantly
lower (p < 0.001) mean urea level compared with
patients without complications (27.50 + 10.94 mmol/L)
and those with complications (31.71 + 18.16 mmol/L).
No significant differences were observed between
diabetic patients with complications and those without
complications (p = 0.211).
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Key — DWOC — Diabetes without Complication
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Figure 4. Mean Urea Level of the Study Population

The mean packed cell volume of the study groups is
presented and compared among them in Figure 5.
Analysis of variance shows that the control group
(33.30 £ 3.55%) indicated significantly lower mean
urea level compared with patients without
complications (37.40 + 5.49%) and patients with
complications (36.66 =+ 4.37%). No significant
differences were observed between diabetic patients
with complications and those without complications (p
=0.514).
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Figure 5. The Mean Packed Cell Volume of the Study
Population

The mean hemoglobin concentration of the study
population is shown in Figure 6. There was no
significant difference (p = 0.067) in hemoglobin
concentration between the control group (11.26 £+ 1.08
g/dl) and diabetic patients without complications
(11.93 £1.50 g/dl). Similarly, no significant difference
(p=0.214) was observed in Hb concentration between
diabetic patients with complications and those without
complications (12.42 + 1.58 g/dl). In contrast, the
diabetic patients with complications indicated
significantly greater (p = 0.004) level of hemoglobin
compared with the non-diabetic controls.
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Figure 6. The Mean Hemoglobin Concentration of the
Study Population

Figure 7 shows the mean creatinine levels of the study
population. Data shows that there were no significant
differences in mean creatinine level between the
control (4.27 + 2.36 mg/dl) and patients without
complications (3.78 + 3.34 mg/dl; p = 0.489) and
patients with complications (2.91 + 2.19 mg/dl; p =
0.084). Similarly, no significant difference was found
in creatinine level between the patients with
complications and those without complications (p =
0.267).
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Figure 7. The Mean Creatinine Levels of the Study
Population

DISCUSSION :

Diabetes mellitus (DM) is a metabolic disorder,
characterized by either absolute or relative deficiency
of insulin, resulting in hyperglycaemia, which if not
managed properly can lead to acute or chronic
complications such as diabetic retinopathy,
nephropathy and neuropathy [*°1, It is associated with
reduced life expectancy, significant morbidity due to
specific diabetes related-microvascular complications,
increased risk of macrovascular complications
(ischaemic heart disease, stroke and peripheral
vascular disease) and diminished quality of life [2°!,
In this study, the demographics, lifestyle and clinical
characteristics showed that a greater proportion of
patients with complications of diabetes mellitus were
of the elderly age range (Table 1). This is in
accordance with Bai, et al. (2021) 1?7, who found the
prevalence of diabetes to increase with advanced age
with the highest prevalence for ages >65 years.

In this study, majority of the diabetics with
complications were males 18(85.7%), while females

were 3 (14.3%) (Table 1). This finding agreed with
previous studies done by Adogu ef al., 2015; Aguocha
et al., 2013; Chijioke et al., 2010; Ojobi et al., 2014;
Unadike et al., 20131281 291B301B31B2] Hyt disagreed with
Agofure et al., 2020 who recorded more female
participants in their study. However, Khan, et a/. (2020)
331 reported that the rates of occurrence of diabetes
mellitus are similar among men and women. Of the
21(100%) participants with diabetes complications,
17(81%) had family history of diabetes mellitus
compared to 4(19%) who did not have. According to
literatures, it has been reported in many populations
that genetic vulnerability and familial aggregation are
responsible for diabetes mellitus P43, Tt is estimated
that having one or both parents with type 1 diabetes
mellitus increase the chances of the transmission by
two to four folds *°), Whereas, 25% and 33% percent
of those with type 2 diabetes also have family relatives
who also have the disease [37].

All the participants living with diabetes
complications were married, of which 18(85.7%) were
retired and 3(14.3%) were unemployed. This attest to
the fact that diabetes mellitus is a disease of adult and
increases with age [*”! (Table 1). All the participants
were educated, primary school 3(14.3%) and tertiary
level 18(85.7%). All the participants with diabetes
complications were on medication and nutritional
supplements. They were all exposed to daily sunlight,
engaged in daily exercise, they neither smoked nor
consume alcohol. According to their response when
asked about diet, 17(81%) of the total participants who
were diagnosed with diabetes complications said they
do take high carbohydrate and protein foods. None of
the participants lost blood through injury or other
means prior to the study. This agree with the fact that
being educated cannot stop the development of
diabetes mellitus, rather, a well-coordinated lifestyle,
exercise, routine medical checks and strict adherence
to medications will prevent the onset of the disease and
subsequent complications.

In this study, Bini 11(52.4%), Yoruba 7(33.3%)
and Esan 3(14.3%) ethnic groups dominated the race
of the patients with diabetes complications
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respectively (Table 1). According to Uloko et al.,
2018, 1% the pooled prevalence of DM in the six
geopolitical zones of Nigeria were 3.0% (95% CI 1.7—
4.3) in the North-West, 5.9% (95% CI 2.4-9.4) in the
North-East, 3.8% (95% CI 2.9-4.7) in the North-
Central zone, 5.5% (95% CI 4.0-7.1) in the South-
West, 4.6% (95% CI 3.4-5.9) in the South-East, and
9.8% (95% CI 7.2-12.4) in the South-South zone
respectively. Though, their study was not majorly on
complications of diabetes mellitus, rather, it was done
on prevalence and on larger section of the country.
Also, according to Parm et al. % the prevalence of
type 2 diabetes was higher in the Asian and Black
ethnic groups, compared with the White group. It is
believed that majority of them, if live long enough will
eventually develop diabetes complications.

Eighteen 18(85.7%) of the participants with
complications had type 2 diabetes, while, 3(14.3%)
were diagnosed with type 1 diabetes (Table 2). This
supports the fact that the prevalence of type 2 is higher
than type 1. According to Brutsaert, 20234, people
with either type 1 or type 2 diabetes are likely to have
complications as a result of the elevated glucose level.
However, because type 2 diabetes may be present for
some time before it is diagnosed, complications in type
2 diabetes may be more serious or more advanced
when they are discovered.

The pattern of diabetes complication in this study
showed that retinopathy had the highest number of
occurrence 13(61.9%), neuropathy and foot ulcer
recorded 4(19%) each. Surprisingly, no case of
diabetes nephropathy was recorded (Table 2). This is
in contrast with previous study by Agofure et al.,2020
1411 Tn their study, they reported kidney failure 27.87%,
heart attack 27.27%, erectile dysfunction 21%, as well
as diabetes foot ulcer and blindness. Adogun et al.,
2018 ¥ recorded lower prevalence of complications
and pattern of presentation in Imo state Teaching
Hospital, Nigeria. Tracey et al. (2015) “%; reported
that the prevalence of diabetes complications ranged
widely depending on study population and
methodology used (6.5-25.2% retinopathy; 3.2-32.0%
neuropathy; 2.5-5.2% nephropathy).

In this study, patients with diabetes
complications had the highest mean level of
glycosylated hemoglobin (Figure 1), it indicated a
significant difference in mean glycated haemoglobin
levels between non-diabetic control compared with the
diabetic patients without complications and those with
complications. Similarly, diabetic patients with
complications also indicated significantly higher mean
HBAlc level compared with patients without
complications. This is in agreement with Sherwani et
al. (2016) I, which noted that higher levels of
glycated haemoglobin have been linked to
cardiovascular disease, nephropathy, neuropathy, and
retinopathy, and indicate poorer control of blood
glucose levels.

In this study, Figure 2 showed that the mean fasting
blood sugar in non-diabetic control compared with
diabetic patients without complications and those with
complications is statistically significant. However,
there was no significant difference in mean FBS
between diabetic patients with complications
compared with patients without complications which
implies that the fasting blood sugar level in both
diabetic patients with complications and those without
complications is not dependent on the patient having
complications.

In this study, the mean erythropoietin level of the
study population indicated a significantly higher mean
erythropoietin level in the control group compared
with patients without complications and those with
complications (Figure 3). However, no significant
differences were observed between diabetic patients
with complications and those without complications.
This finding is in disagreement with the study carried
out by Gluba-Brzozka et al. (2020) 4, which reported
that erythropoietin level decreases as a result of
complication (especially nephropathy) in diabetic
patients. McGill and Bell in 2006 *], also opined that
anemia that is associated with erythropoietin
deficiency may have prognostic significance for
persons with nephropathy or heart failure. In early
diabetic nephropathy, damage to the peritubular
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fibroblasts can occur and lead to erythropoietin
deficiency and anemia prior to the loss of filtration. It
has also been documented that low erythropoietin
(EPO) levels in diabetics with complications other
than nephropathy can be attributed to several factors.
One potential cause is chronic inflammation, which is
common in diabetes. Inflammation can suppress EPO
production by affecting the kidneys and other organs
involved in erythropoiesis. Additionally, poor
glycemic control in diabetic individuals can lead to
oxidative stress, which may impair EPO production in
the kidneys or other tissues. Another factor is
microvascular damage, a hallmark of diabetes, which
can impact various organs beyond the kidneys,
including the bone marrow. This damage can affect the
marrow's ability to respond to EPO signals effectively.
Diabetic individuals are also at increased risk for
cardiovascular complications, such as heart disease,
which can reduce oxygen delivery to tissues and
trigger lower EPO production as the body attempts to
balance oxygen levels. Lastly, certain medications
used to manage diabetes, such as ACE inhibitors or
specific antidiabetic drugs, might influence EPO
levels. Overall, a combination of metabolic
dysregulation, organ damage, and medication effects
can contribute to lower EPO levels in diabetics with
complications other than nephropathy. The reason for
these results is not known, but may be due to the fact
that none of the patients with complications in this
study was diagnosed with nephropathy, which would
have affected the production of erythropoietin that
play a vital role in erythropoiesis.

Diabetes patients without complications recorded
higher packed cell volume (PCV) in this study
compared to those with complications (Figure 5).
Surprisingly, those participants with complications
recorded highest mean concentration of haemoglobin.
This may be due to the fact that the targeted organs in
these patients were not kidneys, as none was reported
to have diagnosed with nephropathy. The
erythropoiesis is not affected hence, the normal packed
cell volume and haemoglobin concentration levels.
Although, all the participants with diabetes

complications admitted to be taking nutritional
supplements which may have compensated them with
loss minerals and vitamins, they were also exposed to
daily early morning sunlight which is a good source of
vitamin D.

The participants with diabetes complications had
the highest concentrations of urea, but lowest level of
creatinine among the study group (Figure 4). This
may be due to the fact that urea is an unreliable
biomarker for renal function compared to creatinine,
because many factors affect its blood concentration.
Also, none of the participants was reported to have
diagnosed with renal complication within the period of
this study. In the study of Harita et al., 2009/ titled
“’Lower serum creatinine is a new risk factor of type 2
diabetes,’’ they found that during the 4-year follow-up
period, 877 men developed type 2 diabetes. This may
suggest that there is ongoing cell destruction within the
kidney which may eventually result to nephropathy.

Limitations of the study

The study was limited to the small available sample
size as at the time of this study. Also, many
participants opted out due to personal, religious and
cultural reasons The study area was also restricted to
Edo state which prevented us from assessing other part
of the country.

CONCLUSION:

This study showed that more males had diabetes
complications compared to females. The pattern of
diabetes complications showed that retinopathy had
the highest number of occurrences, while, neuropathy
and foot ulcer followed. Federal Government should
encourage the Ministries, departments and agencies
responsible for creating awareness on the danger of
diabetes. Citizens should be able to embrace medical
checks and to live healthy lifestyles.

International Journal of Medical Laboratory Research (Vol. 10 Issue 2, August 2025)

www.ijmlr.com/[JMLR© All rights are reserved


https://www.ijmlr.com/

ISSN No. 2456-4400
Int J Med Lab Res 2025, 10(2),6-19

International J | of
|JIVILR tediat taboratory Research

Acknowledgement

We acknowledge the ethical committee of the
University of Benin Teaching Hospital, Benin City,
Edo State and all the participants.

Author Contribution:

BIGA, UIA and FOO were responsible for
the conceptualization of the study. The methodology was
developed by ROO, EOA, WPU and GEO. Samples
and Data analysis was performed by FOO and AOO.
The literature review was prepared by BIGA, IMMO, ES,
FOO and EOAE. All authors contributed to the review and
editing of the manuscript. BIGA provided supervision
throughout the study. All authors contributed to funding of
this research. All authors read and approved the final
version of the manuscript.

REFERENCES:

[1]. Lebovitz HE. Diagnosis classification and
pathogenesis of diabetes mellitus. Journal of
Clinical Psychiatry. 2000; 27:5-9.

[2]. Ogbera AO, Ekpebegh C. Diabetes mellitus in
Nigeria: The past present and future. World
Journal of Diabetes. 2014; 5:905-911.

[3]. Chobanian AV, Bakris GL, Black HR. The
seventh report of the joint national committee
on prevention detection evaluation and
treatment of high blood pressure: The JINC 7
report. Journal of the American Medical
Association. 2003; 289:2560-2572.

[4]. International Diabetes Federation. IDF Diabetes
Atlas. 8th ed. Brussels: International Diabetes
Federation; 2017.

[5]. Brutsaert EF. Complications of diabetes
mellitus - endocrine and metabolic disorders.
MSD Manual Professional Edition. 2023.

[6]. Thomas MC, Maclsaac RJ, Tsalamandris C,
Molyneaux L, Goubina I, Fulcher G, Yue D,
Jerums G. The burden of anaemia in type 2
diabetes and the role of nephropathy: A cross-
sectional  audit.  Nephrology
Transplantation. 2004; 19:1792-1797.

[7]. Anjaly VP, Sanghamithra P, Mathew LK.
Anemia in patients with type 2 diabetes mellitus

Dialysis

and its association with the microvascular
complications. International Journal of Health
Sciences. 2022;6(59):4030—4043.

[8]. McGill JB, Bell DS. Anemia and the role of
erythropoietin in diabetes. Journal of diabetes
and its complications. 2006;20(4):262-272.

[9]. Craig KJ, Williams JD, Riley SG, Smith H,
Owens DR, Worthing D, Cavill 1, Phillips AO.
Anemia and diabetes in the absence of
nephropathy. Diabetes Care. 2005; 28:1118-
1123.

[10]. Singh DK, Winocour P, Farrington K.
Erythropoietic stress and anemia in diabetes
mellitus. Nature Reviews Endocrinology.
2009;5(4):204-210.

[11]. Antwi-Bafour S, Hammond S, Adlei JK,
Kyeremeh R, Martin-Odoom A, Ekem I. A
case-control study of prevalence of anemia
among patients with type 2 diabetes. Journal of
Medical Case Reports. 2016;10(1):110.

[12]. Baisakhiya S, Garg P, Singh S. Anemia in
patients with type II diabetes mellitus with and
without diabetic retinopathy. International
Journal of Medical Science and Public Health.
2017;6(2):303-306.

[13]. Holland DC, Lam M. Predictors of
hospitalization and death among pre-dialysis
patients: A retrospective cohort study.
Nephrology Dialysis
2000;15(5):650-658.

[14]. Periasamy S, Xavier AA, Gowtham R.
Incidence of anemia in type 2 diabetic mellitus
and its prognostic index. Journal of Medical
Research and Review. 2016;4(7):1239-1242.

[15]. AlDallal SM, Jena N. Prevalence of anemia in
type 2 diabetic patients. Journal of hematology.
2018;7(2):57.

[16]. Samuel TR, Tejaswi N, Kumar P, Prudhvi K,
Sravan NS, Govardhin B. Clinical significance

Transplantation.

of screening for anaemia in diabetic patients.
International  Journal of Pharmaceutical
Sciences Review and Research. 2018;48(2):20-
24,

International Journal of Medical Laboratory Research (Vol. 10 Issue 2, August 2025)

www.ijmlr.com/[JMLR© All rights are reserved

17


https://www.ijmlr.com/

ISSN No. 2456-4400
Int J Med Lab Res 2025, 10(2),6-19

International J | of
|JIVILR tediat taboratory Research

[17]. Okoye OCA, Oviasu E, Ojogwu L. Prevalence
of chronic kidney disease and its risk factors
amongst adults in a rural population in Edo State
Nigeria. Journal of US-China Medical Science.
2011;8(8):471-481.

[18]. Kumar V, Gill KD. Estimation of blood
glucose levels by glucose oxidase method. In:
Basic concepts in clinical biochemistry: A
practical guide. Springer; 2018. p. 6-13.

[19]. International Expert Committee. Report on
the role of the A1C assay in the diagnosis of
diabetes. Diabetes Care. 2009;32(7):1327-1334.

[20]. Farooq U, Idris M, Sajjad N, Lashari MH,
Ahmad S, Rehman ZU, Rashid H, Makmood A,
Hameed S. Investigating the potential of packed
cell volume for deducing hemoglobin:
Cholistani camels in perspective. PLoS One.
2023;18(5): €0280659.

[21]. Nkrumah B, Nguah SB, Sarpomg N, Dekker D,
Idriss A, May J, Adu-Sarkordie Y. Hemoglobin
estimation by the Hemocue portable
hemoglobin photometer in a resource-poor
setting. BMC Clinical Pathology.2011; 11:5.

[22]. Langenfeld NJ, Payne LE, Bugbee B.
Colorimetric determination of wurea using
diacetyl monoxime with strong acids. PLoS One.
2021;16(11): €0259760.

[23]. Toora BD, Rajagopal G. Measurement of
creatinine by Jaffe’s reaction-determination of
concentration of sodium hydroxide required for
maximum colour development in standard,
urine and protein-free filtrate of serum. /ndian
Journal of Experimental Biology.
2002;40(3):352-354.

[24]. Prabhakar SP, Ganesan M. Development of a
high-sensitive sandwich ELISA for measuring
erythropoietin in human serum. Applied
Biological Research. 2015; 17:105-112.

[25]. Young EE, Okafor CN, Okwara CC. Diabetes
mellitus, associated co-morbidities, and
complications: A review. Journal of Medical
Sciences. 2016; 7:047-055.

[26]. World Health Organization. Peer support
programs in diabetes: A report of World Health
Organization consultation. 2008;5-7.

[27]. Bai A, Tao J, Tao L, Liu J. Prevalence and risk
factors of diabetes among adults aged 45 years
or older in China: A national cross-sectional
study. Endocrinology Diabetes and Metabolism.
2021;4(3): e00265.

[28]. Adogu PO, Chineke HN, Ewuzie MU, Enwere
00O, Egenti NB. The prevalence and
presentation pattern of diabetes mellitus in
patients at Imo State University Teaching
Hospital (IMSUTH) Orlu and Imo State
Specialist Hospital (IMSSH) Umuguma Owerri.
Journal of Diabetes Mellitus. 2015; 5:49-57.

[29]. Aguocha BU, Ukpabi JO, Onyeonoro UU,
Njoku P, Ukegbu AU. Pattern of diabetic
mortality in a tertiary health facility in
Southeastern Nigeria. African Journal of
Diabetes Medicine. 2013; 21:1-3.

[30]. Chijioke A, Adamu AN, Makusidi AM.
Mortality patterns among type 2 diabetes
mellitus patients in Ilorin, Nigeria. JEMDSA.
2010; 15:79-82.

[31]. Ojobi JE, Onuh JA, Odoh GU, Gomerep SS,
Ogiator MO. Pattern of medical admissions in a
tertiary health centre in Makurdi, North-Central
Nigeria: A one-year review. Highland Medical
Research Journal. 2014; 14:67-70.

[32]. Unadike BC, Essien I, Akpan NA, Peters EJ,
Essien OE. Profile and outcome of diabetic
admissions at the University of Uyo Teaching
Hospital, Uyo. International Journal of Medical
Sciences. 2013; 5:286-289.

[33]. Khan MAB, Hashim MJ, King JK, Govender
RD, Mustafa H, Kaabi JA. Epidemiology of
type 2 diabetes: Global burden of disecase and
forecasted trends. Journal Epidemiology Global
Health. 2020;10(1):107-111.

[34]. Erasmus RT, Blanco Blanco E, Okesina AB,
Mesa Arana J, Gqweta Z, Matsha T. Importance
of family history in type 2 black South African
diabetic patients. Postgraduate Medical Journal.
2001; 77:323-325.

International Journal of Medical Laboratory Research (Vol. 10 Issue 2, August 2025)

www.ijmlr.com/[JMLR© All rights are reserved


https://www.ijmlr.com/

ISSN No. 2456-4400
Int J Med Lab Res 2025, 10(2),6-19

International J | of
” IV] L R M:diec':f Lt;:;‘:atzf;n;e:earch

[35]. Lee SC, Pu YB, Chow CC, Yeung VT, Ko GT,
So WY, LiJK, Chan WB, Ma RC, Critchley JA,
et al. Diabetes in Hong Kong Chinese: Evidence
for familial clustering and parental effects.
Diabetes Care. 2000; 23:1365-1368.

[36]. Harrison TA, Hindorff LA, Kim H, Wines RC,
Bowen DJ, McGrath BB, Edwards KL. Family
history of diabetes as a potential public health
tool. American Journal of Preventive Medicine.
2003; 24:152-159.

[37]. ADAM. Diabetes: Type 2. 2004. Available
from:http://adam.about.net/reports/000060 2.h
tm.

[38]. Uloko AE, Musa BM, Ramalan MA, Gezawa
ID, Puepet FH, Uloko AT, Borodo MM, Sada
KB. Prevalence and risk factors for diabetes
mellitus in Nigeria: A systematic review and
meta-analysis. Diabetes Therapy.
2018;9(3):1307-1316.

[39]. Pham TM, Carpenter JR, Morris TP, Sharma
M, Petersen 1. Ethnic differences in the
prevalence of type 2 diabetes diagnoses in the
UK: Cross-sectional analysis of the Health
Improvement Network primary care database.
Clinical Epidemiology. 2019; 11:1081-1088.

[40]. Brutsaert EF. Complications of diabetes
mellitus. New York Medical College.
Reviewed/Revised Oct 2023. Modified Nov
2023.

[41]. Agofure O, Okandeji-Barry OR, Ogbon P.
Pattern of diabetes mellitus complications and
co-morbidities in Ughelli North Local
Government Area, Delta State, Nigeria.

Nigerian Journal of Basic and Clinical Sciences.

2020;17(2):123-127.

[42]. Tracey ML, Gilmartin M, O’Neill K,
Fitzgerald AP, McHugh SM, Buckley CM,
Canavan RJ, Kearney PM. Epidemiology of
diabetes and complications among adults in the
Republic of Ireland 1998-2015: A systematic
review and meta-analysis. BMC Public Health.
2016; 16:132.

[43]. Sherwani SI, Khan HA, Ekhzaimy A, Masood
A, Sakharkar MK. Significance of HbAlc test
in diagnosis and prognosis of diabetic patients.
Biomark Insights. 2016; 11:95-104.

[44]. Gluba-Brzozka A, Franczyk B, Olszewski R,
Rysz J. The influence of inflammation on
anemia in CKD patients. International Journal
of Molecular Sciences. 2020;21(3):725.

[45]. Harita N, Hayashi T, Sato KK, Nakamura Y,
Yoneda T, Endo G, Kambe H. Lower serum
creatinine is a new risk factor of type 2 diabetes:
The Kansai healthcare study. Diabetes Care.
2009;32(3):424-426.

http://doi.org/10.35503/IJMLR.2025.10202

Cite of article: Abdulkadir UI, Adejumo BIG, Oyakhire FO, Omoregie RO, Akhaumere EO, Udoh WP, Kamdem AJP,
Otutu IMM, Obasuyi GE, Ogbebor AO, Aiyesoro FO, Samson E, EOA Egwuakhide. Assessment of erythropoietin and
renal biomarkers of diabetics with complications in Benin city, Edo state. Int. J. Med. Lab. Res. 2025;10,2:6-19.

CONFLICT OF INTEREST: Authors declared no conflict of interest
SOURCE OF FINANCIAL SUPPORT: Nil

nc/4.0/legalcod

International Journal of Medical Laboratory Research (IIMLR) - Open Access Policy
Authors/Contributors are responsible for originality of contents, true references, and ethical issues.
IJMLR publishes all articles under Creative Commons Attribution- Non-Commercial 4.0 International License (CC BY-NC). https://creativecommons.org/licenses/by-

International Journal of Medical Laboratory Research (Vol. 10 Issue 2, August 2025) www.ijmlr.com/IJMLR© All rights are reserved

19


https://www.ijmlr.com/

