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Background: Diabetes Mellitus (DM) is one of the most prevalent non-communicable diseases worldwide. Approximately 9.3% of 
the general population was estimated to have DM globally in 2019. Erythrocyte osmotic fragility (EOF) in hyperglycemic patients is 
expected to increase and determine the rate of erythrocyte hemolysis.
Purpose: This study aimed to assess erythrocyte osmotic fragility (EOF) and its determinants and to compare hematological indices 
among T2DM patients on follow-up at the Jimma Medical Center (JMC), Jimma, Southwest Ethiopia.
Methods: A facility-based cross-sectional study involving 124 participants (each 62) of T2DM patients and controls was conducted 
from October to November 2020 using a structured questionnaire. 5 mL of venous blood was drawn to assess OF, complete blood 
count, and blood glucose levels. EOF was investigated using a series hypotonic solution of NaCl. The supernatant of the centrifuged 
sample was transferred to cuvette test tubes, and the hemolysis stage was read on a spectrophotometer. The collected data were coded 
and entered into Epi-data Version 3.1. The analysis was performed using SPSS Version 23.
Results: Compared with non-diabetic controls, patients with T2DM had significantly increased EOF. FBG >126mg/dl (AOR=7.741, 
95% CI: 1.562–38.360), PPBG >200 mg/dl (AOR=7.576, 95% CI: 1.519–37.791), RDW (AOR=4.558, 95% CI: 1.136–18.284) were 
significantly associated with abnormal EOF. A statistically significant increase in total white blood cells and absolute neutrophil counts 
(P < 0.001) were observed in T2DM patients. From RBC indices, red blood cell distribution width (RDW) and mean corpuscular 
volume (MCV) were significantly increased in T2DM patients (P < 0.001).
Conclusion: This study suggests that EOF was greater in patients with T2DM than in non-diabetic controls and was determined by 
FBG, PPBG, and RDW. The study also demonstrated that hematological index alterations were higher in T2DM subjects than in non- 
diabetic controls.
Keywords: diabetes, osmotic fragility, hematological indices, RBC

Introduction
Diabetes mellitus (DM) is a group of metabolic disorders with various etiologies characterized by chronic hyperglycemia 
resulting from defects in insulin secretion, insulin action, or both. It is one of the most prevalent noncommunicable 
diseases worldwide.1 The prevalence of DM is steadily increasing worldwide and can be attributed to recently released 
updates from the World Health Organization (WHO), which states that the number of people with DM has quadrupled to 
an estimated 422 million adults worldwide since the publication of the first report by the WHO in 1980.2

In 2017, it was estimated that 451 million people (aged 18–99 years) had DM worldwide. This number is expected to 
increase to 693 million by 2045. In 2017, approximately 5 million deaths worldwide were attributable to DM in the age range 
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of 20–99 years.3 According to the World Health Organization (WHO), DM is becoming a global pandemic.4 DM encompasses 
a heterogeneous group of disorders characterized by hyperglycemia associated with multiple disorders, including metabolic, 
cellular, and blood disturbances, leading to vascular complications.5 T2DM, which is previously referred to as “noninsulin- 
dependent DM” or “adult-onset DM”, accounts for ~90–95% of all DM. It encompasses individuals with insulin resistance 
and is usually a relative (rather than absolute) insulin deficiency.6 T2DM associated with a poor lifestyle is a primary factor 
leading to a progressive reduction in physical activity and changes in dietary habits. Therefore, a greater percentage of the 
population will be overweight or obese. It is one of the most common chronic diseases worldwide, affecting approximately 7% 
of the general population, is a major public health challenge in the 21st century.3,7 The chronic hyperglycemia in DM, 
especially when poorly controlled, causes long-term damage, dysfunction, and failure of different organs of the body like the 
eyes, kidneys, nerves, blood, and blood vessels.8

Patients with T2DM have a significantly higher erythrocyte osmotic fragility (EOF) than matched non-diabetic 
subjects, and fasting plasma glucose is the strongest correlate of increased EOF in the patient group.9,10 EOF was 
greater in T2DM, which is positively correlated with glycosylated hemoglobin. EOF determines the rate of hemolysis in 
erythrocytes.9,11 Several studies have shown that abnormal erythrocyte membrane formation in hyperglycemia may be 
associated with increased RBC fragility, leading to anemia.12 The pathogenesis of diabetic complications is complex; 
however, hyperglycemia appears to be the primary mechanism of disease progression. Chronic exposure to glucose 
affects human cells. However, erythrocytes have gained special interest from the research community owing to their long 
lifespan (120 days).13 Abnormal glycation, which can adversely affect hemoglobin and membrane proteins in erythro-
cytes, has been shown to correlate with reduced membrane fluidity. High levels of glycosylated hemoglobin have been 
found to correlate with decreased deformability of erythrocytes.14 Researchers have observed that EOF is increased in 
chronic diabetic patients in the Indian population. They suggested that EOF is related to the duration of DM.15

Anemia is a highly prevalent condition in people with T2DM. It is defined by the WHO as hemoglobin concentration 
below the threshold for women (>15 years) <12.0 g/dl and men (>15 years) <13 g/dl. Generally, anemia in chronic diseases 
such as DM is normocytic normochromatic, although in a few cases, microcytosis and hypochromia also occur.16

According to the WHO definition, up to nearly 30% of patients with T2DM and nearly one in four (23%) patients with type 1 
or T2DM have anemia, especially those with reduced kidney function.17 One of the proposed mechanisms for anemia in T2DM 
is the formation of abnormal erythrocyte cell membranes, which lead to reduced surface area-to-volume. A reduced surface-area- 
to-volume ratio might result in decreased deformability and thereby influence the splenic sequestration of erythrocytes, leading to 
increased destruction and anemia.9 T2DM represents a major public health challenge because of its continuously increasing 
prevalence. According to the International Federation of Diabetes (IDF), there was an increased by approximately 64% in the 
worldwide prevalence. It is estimated that approximately 151 million to 415 million patients were affected by T2DM from 2000 
to 2015, respectively, and it is expected to surge from this point by 36% until 2040, reaching approximately 642 million.18 

Additional data also show that worldwide, there is a projected increase in the prevalence of DM from 382 million (8.3%) in 2013 
to 592 million (10.1%) in 2035. The prevalence of this phenomenon in developing countries is increasing, and its number is even 
more striking. This is especially true in areas where populations quickly embrace western lifestyles.19 The future looks 
concerning for developing countries, as they are projected to bear a staggering 77% of the global burden of the DM epidemic 
in the 21st century. This unfortunate reality can be attributed to factors such as population growth, unhealthy diet, obesity, and 
sedentary lifestyle.20 Moreover, in 2017, the projected national DM (20–79) prevalence in Ethiopia, estimated the IDF Atlas, was 
5.2%.21 Although several studies in different countries have suggested an increase in EOF in T2DM patients, few studies have 
been conducted in the Ethiopian population. Therefore, the aim of this study was to assess EOF and its determinants and to 
compare hematological indices among T2DM patients on follow-up at the Jimma Medical Center (JMC), Jimma, Southwest 
Ethiopia.

Materials and Methods
Study Area and Study Period
The study was conducted at the diabetic clinic of the Jimma Medical Center (JMC). Geographically, it is located in Jimma 
City, 352 km southwest of Addis Ababa, the capital of Ethiopia. JMC is the only teaching hospital in southwest Ethiopia that 
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provides services for approximately 15,000 inpatients, 160,000 outpatient attendants, 11,000 emergency cases, and 4500 
deliveries annually, with a catchment population of approximately 15 million people. The study was conducted between 
September and November 2020.

Study Design and Populations
A hospital-based comparative cross-sectional study was conducted from September to November 2020, and the source 
population included all T2DM patients on follow-up at the JMC 2020. All T2DM patients on follow-up at the JMC, with 
age- and sex-matched healthy controls, were included as the study population. The inclusion criteria were as follows: all 
patients with T2DM aged greater than 18 years and who had follow-up for at least 3 years at the diabetic clinic were 
included in the study. Patients with known chronic renal disease, pregnant mothers, and those who were appointed for 
a second time during the study period were excluded from the study.

Sample Size Determination and Sampling Techniques
The study participants were assumed to be homogeneous. No significant differences were observed among the study 
participants. Considering these assumptions, a consecutive sampling technique was employed to select both groups, until 
the desired number of participants was achieved.

The double population mean formula was used to calculate the sample size using Open Epi version 2, open-source 
calculator by considering the following assumptions: 95% confidence interval (two-sided), 80% power, and the ratio of 
cases to control group was 1:1. The mean and standard deviation (SD) of the hematocrit (%) ratio for the T2DM and 
control groups in a study conducted in Italy9 were 39.7 and 5.5 for the T2DM group and 42 and 3.3 for the control group, 
respectively. The sample size was determined to be 62 for each group.

Data Collection Methods
Structured questionnaires were used to collect baseline data. Trained clinical nurses who provided healthcare at a chronic 
outpatient clinic collected blood samples. After obtaining consent from the participants, approximately 5 mL of venous blood 
was collected into EDTA tubes at the time of the clinic visit (follow-up). When taking blood, health workers wore well-fitting, 
non-sterile gloves, and hand hygiene was performed before and after each procedure. The EOF status was measured using 
spectrophotometry. To perform the fragility test of RBC, a series of a hypotonic solutions of NaCl were prepared with different 
strengths in 14 test tubes, numbered serially (0.0, 0.10, 0.20, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, 0.75, 0.85, and 0.9%), 
and kept in the test tube rack. One drop of anticoagulant-mixed blood was added to each test tube and mixed gently by inverting 
the test tubes. After waiting for about half an hour of hemolysis, the test tubes were centrifuged for approximately 5 min at 
2500 rpm using Thermo Scientific (MR-23i, Germany). After centrifugation, the supernatant was transferred to a cuvette and the 
hemolysis stage was measured using a spectrophotometer and recorded in a datasheet. In addition to routine laboratory 
investigations, experienced laboratory professionals performed a complete blood count (CBC) using a Sysmex XT-1800i 
(Sysmex, Japan) and blood glucose status (FBG and PPBG). Other demographic and DM-related data, such as current age, 
sex, residence, diabetes duration, and age at onset of DM, will be gathered through face-to-face interviews in a separate room for 
privacy.

Data Processing and Analysis
The collected data were entered into Epi data version 3.1 and exported to SPSS version 23 for analysis. 
Crosschecking and cleaning were performed to avoid missing values, outliers, and inconsistencies before the 
analysis. A descriptive analysis was performed to determine the frequency of sociodemographic and other 
variables. The mean ± SD of all study groups was compared for statistical significance using an independent 
t-test. Pearson’s correlation test was used to identify the correlation between continuous variables, and logistic 
regression was used to compute the relationship between independent and dependent variables. The results of 
continuous data are presented as means and standard deviations. Statistical significance was set at P < 0.05.

Journal of Blood Medicine 2024:15                                                                                                 https://doi.org/10.2147/JBM.S445620                                                                                                                                                                                                                       

DovePress                                                                                                                          
11

Dovepress                                                                                                                                                           Tujara et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Data Quality Control
Before data collection, the questionnaire was translated into Afan Oromo and Amharic, and back-translated into 
English to maintain consistency. Data collectors were trained, adequately oriented, and data collectors were super-
vised by the principal investigator. Data were collected using a questionnaire, and the information provided by the 
patients was crosschecked with the recorded data for consistency and completeness. The validity, accuracy, and 
precision of these tools were evaluated. To maintain the quality of the laboratory tests, standard operating procedures 
were followed for the collection of blood specimens for research. CBC analysis was performed according to the 
hospital protocol. After collection of the blood samples, labeling was performed on the sample and request paper with 
the same identification number. Data quality was maintained by daily on-site supervision during the data collection 
period.

Ethical Considerations
Ethical clearance for the study was obtained from the Jimma University Institute of Health Institutional Review 
Board. Written letter of permission for data collection was provided to the Jimma University Medical Center 
administrative office, endocrinology department, and the hospital’s laboratory unit. This study was conducted in 
accordance with the ethical principles of the declaration of Helsinki. Written informed consent was obtained from 
all the participants. Throughout this research, investigators, data collectors, and advisors carefully applied all 
preventive measures against COVID-19. Physical distance was intellectually maintained at any time during face-to 
-face contact. Sanitizers, gloves, and facemasks were made available. Laboratory equipment was sanitized before 
and after the procedure. All participant information was kept confidential via a coding system and no direct benefit 
was given to the participants. Experienced laboratory technicians performed venous blood collection as a routine, 
acceptable clinical practice, with no potential risk. Blood samples were collected from a dedicated location to 
ensure patient comfort and privacy. The laboratory test results and their implications were communicated to the 
patients and their care providers immediately during the next follow-up to assist them in improving diabetic care.

Results
Characteristics of Study Participants
A total of 124 participants (62 T2DM patients and 62 controls) were included in this study. Of the total T2DM patients, 
36 (58.1%) were males and 26 (41.9%) were females. Similarly, among 124 healthy controls, 36 (58.1%) and 26 (41.9%) 
were males and females, respectively. The mean age (mean ± SD) was 50.71±12.8 and 48.29±8.1 years for T2DM 
patients and controls. The majority of the T2DM participants were farmers (32.3%) from rural (51.6%), and their age was 
>49 (54.8%) (Table 1).

Comparison of Various Parameters of DM & EOF Among Study Participants
Mean (±SD) FBS was significantly higher (P<0.001) in T2DM (156.92 ±39.60) g/dl than the control group (93.34 ± 8.079). 
Mean (±SD) of PPBS was significantly higher (P<0.001) in T2DM (197.03 ± 9.46) g/dl than in the control group (116.77 ± 
5.894). Regarding EOF, mean values of NaCl solution for initial, medial, and complete hemolysis were 0.540 ±0.055%, 
0.455 ± 0.043%, and 0.382 ± 0.035% and 0.456 ± 0.023%, 0.40 ± 0.014%, and 0.345 ± 0.014% between cases and controls 
respectively (Figure 1). A significant difference (P<0.001) was found between the groups for all types of hemolysis (Table 2). 
Among study participants, 80.65% and 6.5% of T2DM and controls had abnormal hemolysis, respectively (Table 3).

Comparison of Hematological Profile Among Study Participants
Regarding the white blood cell white blood cell (WBC) indices, a statistically significant increase in total WBC counts (P 
< 0.001) and absolute neutrophil count (P < 0.001) was observed in T2DM patients compared to the control group. 
Among the RBC indices, red blood cell distribution width (RDW) and mean corpuscular volume (MCV) showed 
statistically significant increases in T2DM (P < 0.001) patients. In addition, statistically significant increases in platelet 
counts (P < 0.001) were observed in T2DM patients compared with those in the control group (Table 4).
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Correlations of EOF Status with FBG and PPBG Among Study Participants
The correlation of FBS and PPBS with initial, medial, and complete hemolysis was significantly positive in the T2DM 
group (Table 5). Pearson’s correlation also indicated that the Hb level was significantly (P<0.001) negatively correlated 
with initial hemolysis (Figure 2).

Correlations of EOF Status with Hematological Parameters Among T2DM Patients
On Pearson correlation, some hematological parameters, such as RDW (fl), MCHC (g/dl), and Platelet (103/µL) in 
T2DM patients showed a strong positive correlation with abnormal hemolysis (Table 6).

Table 1 Socio-Demographic Characteristics and Substance Use Behavior of the Study Participants at JMC, Southwest 
Ethiopia, 2020 (n=124)

Variables T2DM (n=62) Controls (n=62)

Frequency Percentage (%) Frequency Percentage (%)

Age category 19–28 2 3.2 2 3.2

29–38 10 16.1 4 6.5

39–48 16 25.8 12 19.4

>49 34 54.8 44 71.0

Gender Male 36 58.1 36 58.1

Female 26 41.9 26 41.9

Educational status Illiterate (unable to read and write) 15 24.2 8 12.9

Primary (1–8) 28 45.2 18 29.0

Secondary (9–10) 13 21.0 24 38.7

Higher education 6 9.7 12 19.4

Occupation Farmer 20 32.3 11 17.7

House wife 16 25.8 14 22.6

Government employee 6 9.7 15 24.2

Private employee 9 14.5 18 29.0

Unemployed 1 1.6 4 6.5

Student 2 3.2 11 17.7

Others 8 12.9 14 22.6

Residence Urban 30 48.4 41 66.1

Rural 32 51.6 17 27.4

Chronic complication Yes 27 43.5 0 0

No 35 56.5 62 100

Alcohol drinking habit Yes 6 9.7 9 14.5

No 56 90.3 53 85.5

Smoking habit Yes 2 3.2 8 12.9

No 60 96.8 54 87.1
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Factors Determine Erythrocyte Osmotic Fragility
To evaluate the association of each independent variable with the occurrence of EOF, binary logistic regression was performed 
between the occurrence of EOF (dependent variable) and selected factors (independent variable). To identify the most significant 
determinants of EOF, factors that showed a P-value ≤0.25 in the bivariate analysis, were candidates for the multivariate logistic 
regression model. Analyses revealed a statistically significant association between FBG (mg/dl), PPBG (mg/dl), RDW, and 
abnormal EOF. Accordingly, patients with FBG >126 mg/dl were approximately eight times more likely to have abnormal EOF 
than those with FBG <126mg/dl (AOR=7.741, 95% CI: 1.562–38.360). Similarly, those who have PPBG >200 mg/dl were 
approximately eight times more likely to have abnormal EOF than those with <200 mg/dl (AOR=7.576, 95% CI: 1.519–37.791). 
Additionally, patients who have RDW >40 FL were approximately five times more likely to have abnormal EOF than those with 
RDW <40 FL (AOR=4.558, 95% CI: 1.136–18.284) (Table 7).

Table 2 Comparison of Various Parameters of Diabetes & Erythrocyte Fragility Among Test Group and 
Control Group of the Study Participants at JMC, Southwest Ethiopia, 2020 (n=124)

Variables T2DM Controls P values*

(Mean ± SD) Range (Mean ± SD) Range

FBG (mg/dl) 156.92 ±39.60 135 93.34 ± 8.079 45 < 0.001

PPBG (mg/dl) 197.03 ± 9.46 120 116.77 ± 5.894 35 <0.001

Initial hemolysis (% of NaCl) 0.540 ± 0.055 0.20 0.456 ± 0.023 0.10 < 0.001
Median hemolysis (% of NaCl) 0.455 ± 0.043 0.20 0.40 ± 0.014 0.050 < 0.001

Complete hemolysis (% of NaCl) 0.382 ± 0.035 0.15 0.345 ± 0.014 0.050 < 0.001

Note: *P values: Indicate significance of the test.

Table 3 Nature of Hemolysis in the Study Groups at JMC, 
Southwest Ethiopia, 2020 (n=124)

Hemolysis T2DM Controls
n = 62 n= 62

No % No %

Normal hemolysis 12 19.35 58 93.5

Abnormal hemolysis 50 80.65 4 6.5

Figure 1 The mean concentration of NaCl of OFT in Diabetic and non-diabetic study participants at JMC, Southwest Ethiopia, 2020 (n=124).
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Discussion
This study was conducted to assess EOF and its determinants and to compare hematological indices among patients with 
T2DM. The findings of this study revealed significant differences in EOF between the T2DM and control groups. This 
study indicated 80.65% and 6.5% of T2DM and controls showed abnormal hemolysis, respectively.

The mean values of NaCl solution for initial, medial, and complete hemolysis in T2DM were 0.540 ±0.055, 0.455 ± 
0.043, and 0.382 ± 0.035, respectively. In control group, it was 0.456 ± 0.023, 0.40 ± 0.014 and 0.345 ± 0.014. 
A significant difference (P<0.001) was observed between the two groups for all types of hemolysis. This study is in line 
with studies conducted in Nigeria and India, which confirmed that EOF increased in patients with diabetes.10,15,22

The results of this study indicate that EOF is negatively correlated with hemoglobin levels (Figure 2), which is 
consistent with the results of studies conducted in Southern India and Egypt.11,23 This finding implies that patients with 
T2DM are at risk of developing hemolytic anemia. A moderate-to-strong positive correlation was observed between all 
forms of EOF and blood glucose (FBG and PPBG) (Table 5), which was simulated in a study conducted in Italy.9 This 
finding emphasizes the importance of strong glycemic control in minimizing EOF and consequent problems in DMs.

Research evidence suggests that hematological indices are altered in patients with T2DM.24 In patients with DM, 
persistent hyperglycemia exposes RBCs to elevated glucose concentrations, resulting in glycation of hemoglobin, 
prothrombin, fibrinogen, and other proteins involved in clotting mechanisms.25 In this study, there was a significant 

Table 5 Pearson’s Correlations (r) of EOF Status with FBG and PPBG Among T2DM 
Patients and Healthy Controls at JMC, Southwest Ethiopia, 2020 (n=124)

Variables T2DM Group Control Group

FBG PPBG FBG PPBG
r(P) r(P) r(P) r(P)

Initial hemolysis 0.316*(0.012) 0.907**(0.000) − 0.002(0.986) −0.073(0.571)

Medial hemolysis 0.338**(0.008) 0.477**(0.000) 0.165(0.199) 0.105(0.419)

Complete hemolysis 0.308*(0.015) 0.442**(0.000) 0.122(0.346) 0.258*(0.043)

Notes: **Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).

Table 4 Comparison of Hematological Indices of the Study Participants 
at JMC, Southwest Ethiopia, 2020 (n=124)

Variables Mean ± SD  
(T2DM)

Mean ± SD  
(Controls)

P-value

White blood cell indices
WBcs (103 /µL) 6.60 ± 1.74 5.47± 0.63 < 0.001
Lymphocytes (103/µL) 2.36 ± 3.17 2.01±0.20 0.388

Neutrophils (103/µL) 3.76 ±1.59 2.50 ± 0.90 < 0.001

Monocyte (103/ µL) 0.53 ± 0.17 0.51 ± 0.10 0.357
Eosinophil (103/ µL) 0.28 ± 0.49 0.21±0.17 0.337

Basophil (103/ µL) 0.02 ± 0.01 0.03 ± 0.02 0.084
Red blood cell indices
RBCs (106/ µL) 4.92 ±0.54 5.85± 6.09 0.231

Hgb (g/dl) 14.20 ± 1.70 14.70 ± 1.10 0.029
Hct (%) 42.80 ± 4.13 41.70 ± 1.77 0.052

MCV (fl) 89.40 ± 2.450 86.75 ± 4.12 < 0.001

MCH (pg) 29.96 ± 1.480 30.57 ± 1.20 0.014
MCHC (g/dl) 34.52 ± 1.19 35.40 ± 7.10 0.350

RDW (Fl) 44.30 ± 4.01 38.30 ± 1.34 < 0.001

Platelet 279.03± 56.20 235.18± 33.70 < 0.001

Note: P-value <0.05 is considered statistically significant.
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reduction in hemoglobin levels compared to the control group (P<0.05). This finding is in line with those of studies 
conducted in the UK and Bangladesh, which indicated that patients with DM were anemic.26–28 Our study also revealed 
that, among other RBC indices, RDW and MCV values were significantly different between the T2DM and control 
groups (Table 4).29,30 A high RDW indicates impairment of erythropoiesis, reflecting chronic inflammation and increased 
levels of oxidative stress, both of which are significant signs of T2DM that result in variations in RBC size.31 This study 
also included a comparison of platelet counts between control and diabetic patients. The study showed a significant 
difference in platelet counts between the diabetic and control groups (p<0.001). Our findings are in line with those of 
a study conducted at Lagos State University Teaching Hospital, Nigeria, which revealed a higher mean platelet count in 
patients with diabetics than in non-diabetic controls.32

Insulin resistance appears to increase platelet activation, which is consistent with the increased platelet reactivity.33 

However, in contrast to our findings, a study conducted at the University of Gondar indicated that despite the increase in 
platelet count in T2DM, the duration it was not significant.34 Duration of DM and other environmental factors may account for 
the variability of platelet count across studies. In the current study, it was observed that there was a significant increase in both 
white blood cell (WBC) and neutrophil counts in the T2DM group compared to the control group. A study conducted in 
Southern Taiwan also indicated that the WBC count is elevated in T2DM patients and may contribute to vascular 
complications.35 High WBC count may be associated with a decline in insulin sensitivity. These data indicate that inflamma-
tion plays a role in insulin resistance and the subsequent development of T2DM.36 Our study also suggested an increase in the 
absolute monocyte and eosinophil counts; however, no significant difference was found between the two groups. This finding 
is in agreement with previously published reports on the risk of atherosclerosis in a community and study conducted at the 
University of Gondar.34,37

Biological evidence suggests that inflammation may induce T2DM, and epidemiological studies have shown an 
association between a higher WBC count and T2DM.29,38 Surprisingly, RDW, MCHC, and Platelet count showed 

Figure 2 Correlation between Hb (g/dl) and initial hemolysis per percentage of NaCl concentration in samples of type 2 diabetic patients at JMC, Southwest Ethiopia, 2020 
(r= - 0.542 P <0.001).

Table 6 Pearson’s Correlations (r) of EOF Status with Hematological Parameters 
Among T2DM Patients at JMC, Southwest Ethiopia, 2020

Variables RDW(fl) MCHC (g/dl) Platelet (103/µL)
r(p) r (p) r(p)

Abnormal hemolysis 0.895**(0.000) 0.897**(0.000) 0.571**(0.000)

Note: ** Correlation is significant at the 0.01 level (2-tailed).
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a strong positive correlation with abnormal hemolysis in the current study (Table 6). This finding suggests that red blood 
indices and platelet count alterations are one of the causes of EOF due to viscoelasticity, and that the shape of red blood 
cells is disturbed in T2DM.39

Our study also attempted to identify the factors that determine EOF. This study indicated that the odds of developing 
abnormal EOF among T2DM patients with FBG levels ≥126 mg/dl were eight times more likely than among those with 
FBG levels <126 mg/dl. This study also showed greater odds for the occurrence of abnormal EOF among T2DM patients 
with PPBG ≥ 200 mg/dl than among those with PPBG < 200 mg/dl. This finding is in line with those of studies 
conducted in Italy, Nigeria, and Sudan.9,10,40 This may be because the chronic increase in blood glucose levels causes 
oxidative modifications of membrane-bound proteins in RBCs, which affects the strength and functional properties of the 
membrane. Thus, the RBCs membrane weakens and cannot withstand mild hypotonic conditions, leading to increased 
EOF. In addition, our study suggested that patients with RDW > 40 FL were approximately five times more prone to 
develop abnormal EOF than those with RDW < 40fl.

Conclusion
The results of this study indicate that EOF is greater in T2DM participants than in non-diabetic controls and was 
determined by FBG, PPBG, and RDW. This study also demonstrated that hematological index alterations were higher in 
T2DM subjects than in non-diabetic controls and indicated a strong positive correlation between RDW, MCHC, platelets, 
and EOF.
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Table 7 Multi-Variable Logistic Regression of Variables Associated with EOF Among T2DM Patients at JMC, 
Southwest Ethiopia, 2020 (n=124)

Variables Erythrocyte Osmotic 
Fragility

COR (95% CI) P-value AOR (95% CI) P-value

YES NO

Duration of disease

< 5 years 6 5 1* 1*

> 5 years 44 7 5.238 (1.254–21.886) 0.023 4.729(0.791–28.280) 0.089
FBG (mg/dl)

<126 10 8 1* 1*

>126 40 4 8 (2.001–31.988) 0.003 7.741(1.562–38.360) 0.012**
PPBG (mg/dl)

<200 11 8 1* 1*

>200 39 4 7.091 (1.794–28.021) 0.005 7.576(1.519–37.791) 0.014**
RDW (FL)

< 40 10 7 1* 1*

> 40 40 5 5.60 (1.465–21.400) 0.012 4.558(1.136–18.284) 0.032**
Chronic compaction

Yes 23 9 1* 1*

No 27 3 3.522 (0.851–14.571) 0.082 3.176(0.712–14.165) 0.130

Notes: 1*References: Category; **Shows P<0.05, =significant association with multivariable logistic regression. Bolded font: Crude and adjusted odd ratio. 
Abbreviation: FL, femtoliter.
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