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Background: Diabetes mellitus (DM) patients show a significant derangement in various
hematological parameters including changes affecting the red blood cells (RBCs). All these
derangements have an imposing effect on any of the RBC indices. Thus, the main aim of this
study was determining the RBCs parameters and their correlation with renal function, and
also the magnitude of anemia in DM patients in comparison with healthy controls.
Methods: A comparative cross-sectional study was conducted at the chronic illness clinic of
University of Gondar Hospital from January to April 2020. A total of 246 participants (164
DM and 82 controls) were selected using a simple random sampling technique. Data were
collected using a pretested structured questionnaire. Five milliliters venous blood was
collected by vacutainer blood collection technique. RBC parameters and renal function
tests were determined by using Sysmex KX2IN and BS-200E Mindray analyzers, respec-
tively. The data were tested for normality using Shapiro—Wilk and Kolmogorov—Smirnov
tests. Independent sample #-test and Pearson’s and Spearman correlation statistics were used
to analyze variables. A p-value <0.05 was considered as statistically significant.

Results: The mean hemoglobin (Hgb) concentration was 13.8+0.7 and 15+1.3 among DM
and controls, respectively. RBC (p=0.014), Hgb (p <0.001), hematocrit (Hct) (p <0.001), and
mean cell volume (MCV) (p <0.001) were significantly lower in DM patients as compared to
controls. On the other hand, mean cell hemoglobin concentration (MCHC) was significantly
increased in DM patients (p <0.001) than the controls. Besides, a significant negative
correlation was found between Hgb and creatinine (Cr) in DM patients.

Conclusion: The mean values of RBC parameters (RBC, Hgb, Hct, and MCV) for DM
patients were found significantly lower than the control groups. Besides a significant nega-
tive correlation was found between Cr and RBC indices (RBC, Hgb, Het, and MCV) in DM
patients. It is, therefore, suggested that RBC parameters abnormalities should be evaluated
and treated periodically in DM patients for better prognosis and quality of life.
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Introduction

DM is a group of metabolic disorders characterized by hyperglycemia resulting
from defects in insulin secretion, insulin action, or in both conditions. The chronic
hyperglycemia of DM is associated with long-term damage, dysfunction, and fail-
ure of various organs, especially the eyes, kidneys, nerves, heart, and blood
vessels." DM is confirmed when the fasting and random blood glucose value
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becomes >125 mg/dL and >200 mg/dL, respectively.'? It
can be classified into Type 1 DM (T1DM) and Type 2 DM
(T2DM) based on insulin dependency. T1DM is caused by
an autoimmune reaction, where the body’s defense system
attacks the insulin-producing beta cells in the pancreas. As
a result, the body can no longer produce the insulin it
needs.’> T2DM results from insulin resistance and is com-
monly seen in adults.*

DM is shown to be directly associated with several
the  RBCs.
Hyperglycemia promotes the persistent elevation of glyco-

hematological =~ changes  affecting
sylated Hgb and which is associated with the structural
and functional changes in Hgb molecule, the osmotic dis-
turbance, and the cytoplasmic viscosity within each cell.
All these changes could have an imposing effect on any of
the RBC indices, which includes the RBCs count, Hct,
MCYV, mean cell hemoglobin (MCH), MCHC, and red cell
distribution width (RDW).°

The chronic hyperglycemia in DM has also a direct
impact on the development of an inflammatory condition
induced by the increased expression of proinflammatory
cytokines such as Interleukin (IL)-1, IL-6, tumor necrosis
factor- a, transforming growth factor-f, and interferon’s,
several of which are involved in apoptosis of erythroid
progenitor. The elevation of these cytokines plays an
essential role in insulin resistance and induces the appear-
ance of cardiovascular complications, kidney disease, and
anemia. The increment of IL-6 in hyperglycemic patients
causes antierythropoietic effect and changes the sensitivity
of progenitor cells to erythropoietin (Epo) and also pro-
motes apoptosis of immature RBCs causing a decrease in
the number of circulating RBCs eventually results in
anemia.”®

The chronic hyperglycemia of DM might also result in
abnormal RBCs, oxidative stress, and sympathetic dener-
vation of the kidney related to autonomic neuropathy.
These factors promote a hypoxic environment in the
renal interstitium, which leads to impaired production of
Epo by the peritubular fibroblasts. Inappropriately low Epo
level is an important cause of anemia in patients with
DM.’ Anemia is a common hematological finding in DM
patients and is defined as a reduction in the Hgb concen-
tration of blood, which consequently reduces the oxygen-
carrying capacity of RBCs such that they are unable to
meet the body’s physiological needs.'” The presence of
anemia in DM patients harms the health of patients by
worsening the cardiovascular risk and hypoxia-induced

end-organ damage like diabetic retinopathy, nephropathy,
and foot ulcers.""

The risk of developing anemia in DM patients with
renal disease is significantly greater and is often more
severe with earlier onset than in DM patients without
renal impairment.'? High death rates are even more com-
mon in anemic people with DM who also have heart fail-
ure and/or kidney diseases.'® Despite these facts, anemia is
unrecognized in 25% of DM patients.'* Anemia is asso-
ciated with a more rapid decline in the glomerular filtra-
tion rate (GFR) and is considered to be an important
cardiovascular risk factor.'

The magnitude of anemia in DM was estimated in
some parts of Ethiopia, but the association between the
RBC parameters and the level of renal function tests was
not well defined. The magnitude of anemia in DM was not
also studied so far in the study area (Gondar). Even though
the value of a performed blood count is well known, as
well as the multiplicity of information it gives, there are no
recommendations whether and when it should be carried
out in DM patients. Complete blood count (CBC) would
only be performed if clinically indicated. Therefore, this
study aimed at determining RBC parameters and their
correlation with renal function and also to determine the
magnitude of anemia among DM patients in comparison
with healthy controls attending the University of Gondar
Specialized Referral Hospital.

Materials and Methods
Study Design, Period and Setting

A comparative cross-sectional study was conducted on
a total of 246 participants (164 DM and 82 controls)
from January to April, 2020 at the chronic illness clinic
of University of Gondar Hospital, Northwest Ethiopia.
Gondar town is found in Amhara regional state at
738 km from the capital city of Ethiopia, Addis Ababa.
It has situated at 2133 meters above sea level. The
University of Gondar Specialized Referral Hospital is
a teaching hospital serving approximately 5-7 million
people throughout most of the Amhara regional state
and nearby regions. As a teaching hospital, it plays an
important role in providing teaching, research, and com-
munity service. The facility has more than 500 inpatient
beds and has a range of specialties including chronic
illness outpatient clinic. The Diabetes illness care fol-
low-up clinic has been providing service to more than
8000 DM patients.
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Study Populations

This study included all patients with DM aged 18 years
and above attending at the University of Gondar
Specialized Referral Hospital Chronic Illness Clinic fol-
low-up in the time interval and volunteered to give
informed written consent were included in the study.
Apparently, healthy volunteer non-remunerated blood
donors who had no previous history of chronic diseases
were included as control participants. However, critically
ill DM patients who were unable to communicate, post-
surgery patients, patients with a known hematologic dis-
ease, and patients with blood transfusion in the last
3 months were excluded from the study. Apparently,
healthy volunteer non-remunerated blood donors who
had previous history of chronic diseases and those who
were not willing to participate were excluded from the
study. Infectious disease screening (Human immunodefi-
ciency viruses, Hepatitis B and C, Syphilis, and Malaria)
was done and the health status of the control groups was
also assessed based on the national blood bank service
blood donor questionnaire.

Variables

RBC parameters like; RBC, Hgb, Hct, MCV, MCH,
MCHC, RDW, and anemia were considered as dependent
variables of this study. On the other hand, anthropometric
measurements and clinical characteristics like; Age, Sex,
Body mass index (BMI), systolic blood pressure (SBP),
diastolic blood pressure (DBP), duration of illness, kidney
disease, and heart disease were also taken as independent
variables.

Sample Size and Sampling Technique

The two-population mean formula was used to calculate
the sample size using OpenEpi, version 2, open-source
calculator by considering 95% confidence interval, 80%
power, and the ratio of the cases to control group as 2:1.
By taking the mean +standard deviation of Hgb (12.76
+1.49; 13.26 +1.3) for DM and control group, respectively,
from a study conducted in Bangladesh,'® the sample size
calculated was 246. Thus, 246 study participants (164 DM
(68 females and 96 males), and 82 apparently healthy
controls (34 females and 48 males)) were selected by
a simple random sampling technique. Every item in the
population had an even chance of being selected, hence the
selection of item entirely depends on luck or probability.

Table of random numbers was employed to minimize the
effect of biases in the study.

Definitions

Anemia is considered when Hgb <13 g/dL in men and <12
g/dL in women. Based on its severity, WHO has classified
anemia into three categories: mild (11.0 —11.9 g/dl for females
and 11.0-12.9 for males), moderate (8.0 —10.9 g/dl), and
severe (<8 g/dl).'” Based on MCV, anemia was classified as
microcytic (<80 fl), normocytic (between 80 and 100 fl), or
macrocytic (>100 fl). Anemia was also classified based on
MCHC as hypochromic (MCHC <32 g/dl), or normochromic
(MCHC > 32 g/dl)."® Staging of CKD was based on the kidney
disease outcomes quality initiative (KDOQI) guidelines: >90
(CKD1) and additional signs of kidney damage, 60-89
(CKD 2), 30-59 (CKD 3), 15-29 (CKD 4) and <I5
(CKD 5) mL/min 1.73 m*." Concerning BMI; Underweight
was considered when BMI is <18.5 kg/m*; Normal weight: it
was considered when an individual’s BMI is between 18.5 and
24.9 kg/m*; Overweight: was considered when an individual’s
BMI ranges from 25 to 29.9 kg/m? and Obesity is considered
when an individual’s BMI is >30 kg/m?.%°

Data Collection and Laboratory Methods
A pre-tested structured questionnaire was used to obtain
socio-demographic characteristics (age, gender, residence,
monthly income, and level of education) and behavioral
measures (cigarette smoking and physical activity) from
the study participants via face-to-face interview.

Clinical data including duration of illness, family history
of DM, hypertension, presence of cardiac, and renal disease
were extracted from patients’ logbooks. Blood pressure was
taken using mercury sphygmomanometer in a sitting position
after 15 minutes of rest and two measurements were aver-
aged to be recorded. Five minutes interval recommended
between the two measurements. Anthropometric data were
collected by attending nurses by recording the weight and
height of the study participants. A portable weight scale and
locally made stadiometer with a sliding headpiece were used
to measure weight (to the nearest 0.1 kg) and height (to the
nearest 0.1 cm) without shoes in the upright position, respec-
tively. The BMI was calculated as weight divided by the
square of height (kg/m?).

Five mL of venous blood was collected by a using
vacutainer blood collection system. Three mL of the col-
lected whole blood with K,EDTA anticoagulant were
mixed properly and analyzed for RBC parameters deter-
mination using Sysmex KX2IN (Sysmex Corporation,
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Japan) hematology analyzer. Two mL of collected whole
blood in serum separation tube was allowed to clot for
15 to 30 minutes and then centrifuged at 3000 rpm for
5 min and serum was separated. The separated serum was
analyzed using a BS-200E Mindray (Guangzhou labon,
China) chemistry analyzer for Cr and blood urea nitrogen
(BUN) determination. The GFR was estimated using the
4-variable modification of diet in renal disease (MDRD)
equation (GFR in mL/min per 1.73 m® = 175 x Serum
Cr 1% x age 2% x 1.212 (if patient is black) x 0.742
(if female)).

Data Quality Control and Quality

Assurance

The structured questionnaire was prepared in English and
translated to the local language (Ambharic) and it was also
be re-translated to English to see the consistency of the
questionnaire. The questionnaire was pre-tested on 5% of
the sample size other than the study area. Before the actual
data collection, training and demonstration were given for
the data collectors (nurse and medical laboratory profes-
sionals) about the study participants’ rights, the objectives
of the study, confidentiality, the procedure of specimen
collection, and how to approach and interview participants
to ensure data quality. All aspects of the data collection
process were supervised by the principal investigator to
ensure data quality. The blood samples were tested accord-
ing to the manufacture’s instruction and standard operating
procedure (SOP) was strictly followed in the determina-
tion of RBC parameters tests. The control sample (low,
normal, and high) was run daily to monitor the perfor-
mance of the system. Commercial control materials were
properly warmed at room temperature (18°C-25°C), for
approximately 15 minutes and mixed according to the
manufacturer’s recommendations. Normal and pathogenic
control sera for Cr and BUN determination were used to
monitor the performance of assay procedures in Mindray
BS 200E analyzer. The venous blood samples were tested
according to the manufacture’s instruction and SOP was
strictly followed in the determination of RBC parameters
and renal function tests to address all the quality issues in
the pre-analytical, analytical, and post-analytical stages.

Data Analysis and Interpretation

Epidata version 4.6.02 was used for data entry and
Statistical Package for Social Sciences (SPSS) version 20
(IBM Corporation, Armonk, NY, USA) software was used

for statistical analysis. The data were tested for normality
with the help of Shapiro—Wilk and Kolmogorov—Smirnov
tests. Results were presented as frequency, mean +standard
deviation (SD), and median as appropriate. Independent
sample -test was used to compare the mean differences of
RBC parameters and renal function tests between the DM
groups and controls. The strength of association between
the pairs of variables was assessed by Pearson’s and spear-
man’s (ranked data) correlation coefficient. A p-value
<0.05 was considered as statistically significant.

Ethical Consideration

The study was conducted after it had been reviewed and
approved by the Ethical Review Committee of the School
of Biomedical and Laboratory Sciences, College of
Medicine and Health Sciences, University of Gondar.
Permission letter to conduct the study were also be
obtained from the University of Gondar Specialized
Referral Hospital chief executive officer. The objective of
the research was explained and written informed consent
was obtained from the study participants. Then, those who
were willing to participate were included in the study.
Participation in the study was voluntary and refusal was
possible. To ensure the confidentiality of data, study parti-
cipants were identified using codes and unauthorized per-
sons had no access to the collected data. The information
that might expose the identity of the study participants was
not collected. Only the principal investigator had access to
the computerized data. Abnormal findings were linked to
physicians for proper treatment and prognosis of patients.

Results

Socio-Demographic Characteristics of
the Study Participants

A total of 246 (164 DM patients and 82 apparently healthy
controls) participants were included in this study. One
hundred thirteen (68.9%) DM patients and 75 (91.5%)
controls were urban dwellers. The median age of DM
patients was 50 and the mean age was 35.5+7.4 years in
the control groups. About 45 (27.4%) of the patients were
unable to read and write, and 45 (54.9%) controls had
a diploma level of education (Table 1).

Behavioral and Clinical Characteristics of

the Study Participants
The study revealed that 7 (4.3%) and 37 (22.6%) of the
participants had evidence of cigarette smoking and family
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Table | Socio-Demographic Characteristics of DM Patients and Healthy
Hospital, Northwestern Ethiopia, January to April 2020

Controls at University of Gondar Specialized Referral

Variables Categories DM Control
Frequency Percentage Frequency Percentage
Age 18-24 16 9.8 6 7.3
2544 42 25.6 65 793
=45 106 64.6 I 134
Gender Female 68 41.5 34 41.5
Male 96 58.5 48 48.5
Residence Urban 113 68.9 75 91.5
Rural 51 311 7 85
Education Less than secondary school 104 63.4 | 1.2
Secondary school and above 60 36.6 8l 98.8

Abbreviation: DM, diabetes mellitus.

history of DM, respectively. Moreover, 74 (45.1%), 64
(39%), 26 (15.9%) DM patients had < 5 years, 5-10
years, and > 10 years duration of illness, respectively. Of
the 164 DM patients, 42.1% and 40.2% had a history of
alcohol use and physical inactivity, respectively. Eighty-
two (50%) of the DM patients were overweight; moreover,
hypertension (27.4%) and kidney disease (14.6%) were the
common comorbidities in those patients. In this study, 11
(6.9%) had an eGFR value of < 60 mL/min/1.73m?.

Magnitude of Anemia Among the Study

Participants

The magnitude of anemia among the study participants was
obtained by considering the cutoff values of Hgb (<12 g/dl for
women and <13 g/dl for men) after altitude adjustments. The
study area has an altitude of 2133 m and Hgb value was
adjusted by subtracting 0.8 g/dl. Based on this, among the
total of 164 DM patients, the magnitude of anemia was 13.4%
(95% CI: 8.2%, 18.8%). Anemia was more common in dia-
betic males (81%) than females (19%). In the control group, 9/
82 (11%) had anemia (95% CI: 4%, 17.9%). In this study,
from anemic patients, 14 (63.6%) and 9 (100%) had normo-
cytic normochromic anemia in DM and controls, respectively.
Microcytic hypochromic anemia is prevalent in 30% of DM
patients. Regarding the severity of anemia, 13 (59%) DM
patients were moderately anemic.

Comparison of the Red Cell Parameters

of the Study Participants
The mean +SD value of Hgb concentration was 13.8+0.7
and 15+1.3 among DM and controls, respectively. Hgb,

Hct, MCV (P-value< 0.001), and RBC (P-value=0.014)
were found significantly lower in DM patients as com-
pared to controls. However, a significant increase in
MCHC (P-value < 0.001) was found in DM patients as
compared to controls (Table 2).

Correlation of RBC Parameters with
Blood Pressure, Duration of DM,
Anthropometric Measurements and

Renal Function Tests of Study Participants
Regarding the correlation of RBC indices with SBP and
DBP, only MCV (P-value = 0.024) and MCH (P-value =
0.017) were found to be positively correlated with DBP in
DM. There was no significant correlation between SBP with
RBC indices in DM patients. In the control group, only RBC

Table 2 Comparison of Red Cell Parameters of DM Patients and
Controls at University of Gondar Specialized Referral Hospital,
Northwest Ethiopia, 2020

Variables DM Control p-value
Mean £SD Mean *SD

RBCs (10%/pL) 5.18+0.7 5.3+0.6 0.014*
Hgb (g/dL) 13.8£1.8 15+1.3 <0.001*
Hct (%) 44.35.1 48.4+3.6 <0.001*
MCV (fL) 87.1+5.2 90+4.6 <0.001*
MCH (pg) 29.4+2.2 29.7+1.4 0.689
MCHC (g/dL) 33.713 32.7+1.2 <0.001*
RDW (fL) 44+3.6 44.3+5.0 0.212

Note: *P value < 0.005.

Abbreviations: DM, diabetes mellitus; RBC, red blood cell; Hgb, hemoglobin; Hct,
hematocrit; MCV, mean cell volume; MCH, mean cell hemoglobin; MCHC, mean
cell hemoglobin concentration; RDW, red blood cell distribution width; SD, stan-
dard deviation.
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Table 3 Spearman Correlations (rho) of RBC Parameters with SBP and DBP Among DM Patients and Controls at University of

Gondar Specialized Referral Hospital, Northwest Ethiopia, 2020

RBC Parameters DM Controls

SBP DBP SBP DBP

rho (p value) rho (p value) rho (p value) rho (p value)
RBC —0.002 (0.980) —0.039 (0.616) —0.035 (0.755) —0.218 (0.049)*
Hgb 0.045 (0.571) 0.023 (0.774) —0.158 (0.155) —0.058 (0.607)
Hct 0.056 (0.476) 0.058 (0.461) —0.150 (0.178) —0.080 (0.477)
MCV 0.064 (0.413) 0.176 (0.024)* —0.059 (0.602) —0.083 (0.460)
MCH 0.053(0.503) 0.185 (0.017)* 0.194 (0.081) —0.242 (0.028)*
MCHC —0.009(0.905) —0.043(0.583) 0.015 (0.894) —0.097 (0.386)
RDW 0.085(0.282) 0.067(0.396) 0.120 (0.284) 0.009 (0.935)

Notes: *Correlation is significant at the 0.05 level (2-tailed); rho = Spearman correlation coefficient.
Abbreviations: DM, diabetes mellitus; DBP, diastolic blood pressure; RBC, red blood cell; Hgb, hemoglobin; Hct, hematocrit; MCV, mean cell volume; MCH, mean cell
hemoglobin; MCHC, mean cell hemoglobin concentration; RDW, red blood cell distribution width; SBP, systolic blood pressure.

count (P-value=0.049) and MCH (p-value=0.028) were
found to be negatively correlated with DBP (Table 3).

Among the RBC parameters, only MCHC (P-value=
0.007) was found negatively correlated with BMI in DM
patients. In the control group, Hgb (P-value= 0.047) was
found to be positively correlated with BMI. MCV
(P-value= 0.004) and MCH (P-value= 0.024) are another
parameters to be negatively correlated with BMI in the
control group. There was no significant correlation among
the RBC indices with duration of illness (Table 4).

RBC (p-value = 0.028), Hgb (p-value < 0.001), Hct
(P-value = 0.006), and MCV (p-value = 0.013) showed
significant negative correlation with Cr value in DM

patients. However, there was no significant correlation

Table 4 Pearson’s Correlations of RBC Indices with BMI and
Duration of lllness Among DM Patients and Controls at
University of Gondar Specialized Referral Hospital, Northwest
Ethiopia, 2020

Variables | DM (n=164) Controls (n=82)
BMI Duration BMI
r (p value) r (p value) r (p value)
RBC —0.080 (0.309) | 0.046 (0.554) 0.081 (0.472)
Hgb —0.242 (0.029)* | —0.024 (0.763) | 0.220 (0.047)*
Hct —0.038 (0.627) | 0.061 (0.420) 0.033 (0.771)
MCV 0.041 (0.599) —0.010 (0.903) | —0.318 (0.004)*
MCH —0.250 (0.024)* | —0.078 (0.323) | —0.071 (0.368)
MCHC —0.209 (0.007)* | —0.126 (0.109) | 0.089 (0.426)
RDW 0.122 (0.120) 0.009 (0.905) —0.191 (0.086)

Notes: *Correlation is significant at the 0.05 level (2-tailed); r= Pearson’s correla-
tion coefficient.

Abbreviations: BMI, body mass index; DM, diabetes mellitus; RBC, red blood cell;
Hgb, hemoglobin; Hct, hematocrit; MCV, mean cell volume; MCH, mean cell
hemoglobin; MCHC, mean cell hemoglobin concentration; RDW, red blood cell
distribution width.

between RBC parameters with eGFR value and BUN in
DM patients (Table 5).

Discussion

Diabetes mellitus patients show a significant derangement
in various hematological parameters including changes
affecting the RBCs. All these derangements have an
imposing effect on any of the RBC indices.® A total of
246 study participants (164 DM and 82 controls) were
involved in this study to compare RBC indices among
DM patients and controls. In this study, the mean Hgb
concentration was 13.8+£0.7 and 15+1.3 among DM and
controls, respectively.

The mean values of Hgb among DM patients were
significantly lower than those of non-diabetic controls.
The finding of this study was in agreement with the finding
of several studies in Egypt, India, Bangladesh, Libya, and
Nigeria.'®?'* The relatively low Hgb level in DM
patients is since the heme (protein) part of Hgb is sub-
jected to glycation and is affected by the duration and level
of hyperglycemia in those patients. During DM, the excess
glucose present in blood reacts with Hgb to form glyco-
sylated Hgb, so the total Hgb level is decreased.® It has
been suggested in another study that this low Hgb might
be because of the reduction in the number of specific Epo
synthesizing interstitial cells and disruption of the inter-
stitial anatomy or vascular architecture.>> Systemic inflam-
mation, functional hematinic deficiencies, Epo resistance,
and reduced survival of RBC also lead to low Hgb value in
the setting of impaired renal compensation.® However, in
contrast to this study, some works of literature in Pakistan
and Ethiopia reported higher Hgb value in DM patients as
compared to controls.?”*® Ethnic and lifestyle differences
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Table 5 Pearson’s Correlation of RBC Parameters with Renal Function Tests in DM Patients and Controls at University of Gondar

Specialized Referral Hospital, Northwest Ethiopia, 2020

RBC Parameters DM Controls

Cr BUN eGFR Cr BUN eGFR

r (p value) r (p value) r (p value) r (p value) r (p value) r (p value)
RBC —0.245 (0.028)* —0.063 (0.600) 0.173 (0.125) —0.005 (0.965) 0.002 (0.967) —0.002 (0.989)
Hgb —0.378 (0.001)** —0.095 (0.432) 0.122 (0.281) 0.014 (0.906) —0.052 (0.652) 0.137 (0.242)
Hct —0.306 (0.006)** —0.025 (0.839) 0.079 (0.486) —0.101 (0.381) —0.135 (0.239) 0.187 (0.189)
MCV —0.276 (0.013)* —0.031 (0.795) 0.103 (0.365) —0.159 (0.165) —0.135 (0.239) 0.126 (0.282)
MCH —0.218 (0.052) 0.048 (0.690) 0.051 (0.653) —0.087 (0.450) —0.184 (0.108) 0.084 (0.474)
MCHC —0.095 (0.403) 0.125 (0.298) —0.014 (0.899) —0.047 (0.680) —0.223 (0.121) 0.136 (0244)
RDW —0.088 (0.438) 0.152 (0.205) 0.027 (0.811) —0.081 (0.462) —0.170 (0.137) 0.102 (0.385)

Notes: **Correlation is significant at the 0.01 level (2-tailed), *Correlation is significant at the 0.05 level (2-tailed), r=Pearson’s correlation coefficient.
Abbreviations: BUN, blood urea nitrogen; Cr, creatinine; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; RBC, red blood cell; Hgb, hemoglobin; Hect,
hematocrit; MCV, mean cell volume; MCH, mean cell hemoglobin; MCHC, mean cell hemoglobin concentration; RDW, red blood cell distribution width.

across the study populations may account for the variabil-
ity of Hgb across those studies.

In addition to lower Hgb count, Hct and MCV values
were found significantly lower in the diabetic group as
compared to the controls. It was supported by a previous
study conducted in Nigeria that reported Hct was lower in
DM (38.20 £ 0.64) than the controls (42.30 + 0.43).%° The
reason for the declined results might be due to the effect of
toxic substances on bone marrow depression causing
damage to multiple classes of hematopoietic cells.*>*' In
DM npatients, the lifespan of RBC may be decreased as
a result of disturbances in the hematopoietic milieu. These
disturbances can cause an increased internal viscosity and
membrane rigidity in the RBCs and cause a decrease in the
number of RBCs which in turn reduces the volume of
RBCs.*? Hyperglycemia increases the production of lipid
peroxides causing hemolysis of RBCs or it may cause
anemia as secondary disorder.”> However, in contrast to
this study, some works of literature in Ethiopia, Pakistan,
and the Caribbean (Trinidad and Tobago) reported a high
Hct value in DM patients.>**>* The lower MCV value in
DM patients in this study might be the presence of micro-
cytic anemia in those patients.’

The finding of this study also showed that RBC count
was lower in the DM group as compared to controls.
Likewise, a study conducted in Tobago®* and India*’
reported that RBC count in DM patients was lower than
the controls. The possible reason for this difference might
be since chronic hyperglycemia causes non-enzymatic gly-
cosylation of RBC membrane proteins leading to acceler-
ated ageing of RBCs.*® Hyperglycemia also raises sorbitol
level in RBCs and this impairs Na+/K+-ATPase activity
and consequently leads to osmotic imbalance and cell

death in those patients. Hyperglycemia can also contribute
to the formation of advanced glycation end products
(AGE) that increases the level of oxidative stress by sti-
mulating increased production of free oxygen radicals.
Those free radicals damage the cells Deoxyribonucleic
acid (DNA) and cause apoptosis of cells.’” The decreased
RBCs count could also be a consequence of Epo defi-
ciency among patients with diabetic nephropathy or as
a result of increased RBC destruction secondary to
microangiopathy.’® However, in contrast to this study,
a study conducted in Ethiopia®’ and Iraq®’ reported
a high RBC count in DM patients.

On the other hand, MCHC value was significantly
higher in the diabetic groups as compared to controls.
This finding was in agreement with previous studies con-
ducted in Ethiopia, Pakistan, Nigeria, India, and
Turkey.”** %% Increased MCHC in DM might be due
to the reduction of RBC membrane flexibility (deformabil-
ity) and increment of membrane rigidity because of hyper-
glycemia in those patients.*® Hyperglycemia also increases
the generation of superoxide anion that may cause several
structural and functional modifications of the RBCs
including aggregation and attachment of Hgb to the inside
of the RBC membrane network. This may result in the
alteration of the cell shape (may be spherical) and mechan-
ical properties of RBCs. The Hgb attachment to the spec-
trin network also increases the intracellular or cytosolic
viscosity of the RBCs that is related to MCHC. Bone
marrow suppression as a result of intoxication also
increases MCHC value.*' In contrast to this study,
a study done in India showed that the mean value of
MCHC in the control group was higher than DM
patients.”?
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The Hgb test result revealed that 22 (13.4%) of DM
patients were anemic (95% CI: 8.2%—18.8%). This mag-
nitude was lower than previous studies done in Ethiopia in
2013** and 2019* which reported 19.6% and 26.7%,
respectively. This difference might be variation in the
study design used and the small sample size in this
study. However, this study was comparable with another
study in European (Ireland) populations®® where they
reported 13% magnitude of anemia.

In this study from anemic patients, the majority of them
had normocytic normochromic anemia (63.6%), while 30%
had microcytic hypochromic anemia. This finding was
in corroborating with another study in Malaysia.**
Normocytic normochromic anemia is a characteristic presen-
tation of anemia of chronic diseases (ACD) and it evolves
into microcytic anemia as the severity of the disease
increases.* The previous study on DM patients has shown
that longstanding poorly controlled DM is associated with
normocytic normochromic anemia and precedes clinical evi-
dence of renal impairment.*® Microcytic anemia may be
primarily because of iron deficiency anemia (IDA), which
is the common anemia type in TIDM. This might be
explained by the fact that chronic hyperglycemia promotes
the modulation of transferrin receptors by glycation, which
might impair the capacity of these receptors to bind iron, and
thus reduce iron availability.” Respecting the severity of
anemia, from anemic patients, 13 (59%) were moderately
anemic in DM. This is because of ACD is usually mild to
moderately severe anemia (Hgb rarely < 8 g/dL) that devel-
ops in the setting of infection, inflammatory disease, or
malignancy.*’

The study also revealed that anemia was more pre-
valent among the diabetic patients (13.4%) than controls
(11%), as the former group of participants were pre-
viously shown to have a high prevalence of the meta-
bolic syndrome.*’” The median duration of illness was
6 years and this supports the notion that DM has a long
asymptomatic preclinical phase, which frequently goes
undetected. At the time of diagnosis, the patient could
have one or more DM complications including anemia,
especially in resource-poor developing countries.** In
this study, anemia was more likely to occur in male
This
explained by the fact that low testosterone levels and

patients as compared to females. might be
hypo-gonadotropic hypogonadism are common in male
DM patients. Since testosterone stimulates erythropoi-
esis, low testosterone levels may contribute to anemia
in male patients.*> Another hypothesis is that, since the

median age of the female patients in this study was
51 years, there may be a decrease in the occurrence of
anemia in females due to reduced blood loss because of
menopause.

In the correlation analysis, this study found that DBP
was positively correlated with MCV and MCH in DM
patients. The correlation between the level of Blood pres-
sure and RBC parameters might be as a result of the
development of DM-related hypertension and dyslipide-
mia in those patients.*®> BMI was found to be negatively
correlated with Hgb, MCH, and MCHC in DM. This
finding was also in corroborating with a study conducted
in Italy.** This might be explained that MCHC was
reduced in obese subjects (higher BMI), which could be
the result of hyposideremia that lowers the RBC indices as
a result of a low-calorie diet, as practiced by these obese
subjects.®

A significant negative correlation was found between
Cr value and RBC, Hgb, Hct, and MCV in DM patients.
This finding was in agreement with another study in
Cameroon'® and Nigeria who had reported a significant
negative correlation between Cr and Hgb.?' This negative
correlation between Hgb and Cr in DM is because, when
there is a problem in the kidney or the kidney is not
functioning properly, there is an increment of Cr and
BUN in those patients. In DM patients, damage to the
peritubular fibroblasts can occur and lead to Epo defi-
ciency and low Hgb that led to anemia.'®>°

The present study had some limitations: Since the
study design was cross-sectional, it is difficult to establish
the cause—effect relationship between DM and RBC para-
meters. The glycemic control of the patients was not
assessed to observe the effect of hyperglycemia on RBC
parameters. The study was not also designed to investigate
the type of anemia presented in DM patients since the
study does not investigate parameters like serum iron,
ferritin, and vitamin B12 due to resource scarcity.
Another potential limitation is the study does not investi-
gate hepcidin and renin angiotensin aldosterone system
(RAAS) blockers due to resource scarcity. Even if, 24-
hour urine is needed for GFR estimation, eGFR was cal-
culated based on the 4-variable MDRD equation and this
leads to overinflated CKD prevalence estimates.

Conclusion and Recommendation

The mean values of RBC parameters (RBC, Hgb, Hct, and
MCYV) for DM patients were significantly lower than the
controls, indicating the presence of anemia in the former
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group. Besides a significant negative correlation was found
between Cr and RBC indices (RBC, Hgb, Hct, and MCV)
in DM patients. It is, therefore, suggested that RBC para-
meters abnormalities should be evaluated and treated per-
iodically in DM patients for better prognosis and quality of
life.
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