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Background: Hematological abnormalities are linked with diabetes mellitus (DM) and play a major role in diabetes-related micro-
and macro-vascular complications. Therefore, this study aimed to investigate the magnitude of peripheral cytopenia and associated
factors in type 2 diabetes (T2DM) patients.

Methods: A cross-sectional study was conducted from March to May 2021 at the University of Gondar Comprehensive Specialized
Hospital. A total of 357 T2DM participants were selected using a simple random sampling technique. A total of 3 mL of venous blood
samples were collected using the vacutainer method for the complete blood count (CBC). A univariate and multivariate regression
analysis were used to investigate the association between dependent and independent variables. P-value <0.05 was considered
statistically significant.

Results: The magnitude of cytopenia, bicytopenia, and pancytopenia were 21% (95% CI: 17.1, 25.53), 1.1% (95% CI: 0.44, 2.85),
and 0.56% (95% CI: 0.01, 1.12), respectively. Furthermore, the magnitudes of anemia, leucopenia, and thrombocytopenia were 8.7% (95%
CI: 6.18, 12.06), 10.9% (95% CI: 8.09, 14.59), and 5.3% (95% CI: 3.43, 8.16), respectively. Being male (AOR: 3.23; 95% CI: 1.43, 7.56),
lack of exercise (AOR: 2.70; 95% CI: 1.137, 6.43), and never married (AOR: 3.90; 95% CI: 1.248, 12.18) were all associated with anemia.
Conclusion: This study showed that T2DM causes disturbances in the hematological parameters and leads to a mild level of
cytopenia. It is, therefore, suggested that hematological abnormalities, especially cytopenia, should be monitored and controlled on
a regular basis in T2DM patients for better prognosis and quality of life.
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Background

Diabetes mellitus has become one of the leading global diseases of the twenty-first century, with over 422 million
diabetics worldwide." It is a life-threatening disease that causes nephropathy, retinopathy, and neuropathy, as well as
a variety of metabolic diseases.” DM develops when the body’s cells are unable to utilize glucose for energy. It can be
classified as Type 1 diabetes (T1DM), T2DM, and gestational diabetes. T2DM is defined as a combination of low
peripheral insulin resistance and insulin production from pancreatic cells.’

Peripheral pancytopenia is defined as a reduction in all three major constituents of the blood to levels below their lower
normal range, manifesting as anemia, leucopenia, and thrombocytopenia all occurring at the same time. Cytopenia, on the
other hand, is a decline in one of the produced elements.* DM impacts the erythropoiesis system by inducing a hyperglycemic
situation that causes protein glycation. Hence, cytopenia can result in this case. Of the different types of cytopenia, anemia is
the most common type of disorder in T2DM. Anemia can be caused by a decrease in erythropoietin production, which is
linked to microvascular complications and renal impairment, systemic inflammation that affects iron metabolism, and the

release of multiple inflammatory cytokines and free radicals that increase hepcidin (which leads to ferroportin degradation and
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iron deficiency anemia), and the ferroportin degradation leads to a blockage of duodenal iron transfer.” ® Besides, red blood
cell (RBC) count has been found to be associated with microvascular and macrovascular complications, which negatively
affect the circulatory system. All of these changes will have an impact on blood cell count, particularly RBC count. '

White blood cells (WBC) and platelet counts are affected by T2DM and its medications.!' Immune-based pathways
are the most common cause of thrombocytopenia, which is linked to nonspecific immune complexes binding to platelets,
as seen in autoimmune disorders.'? Besides, the microvascular and macrovascular complications are associated with the
dysfunction of platelets.'> The WBC is considered an inflammation marker in different chronic diseases.'* An increased
WBC count has been linked to macro and microvascular complications, activation of glycation end products, oxidative
stress, and angiotensin II as a result of hyperglycemia, as well as the production of factors like tumor necrosis factor and
interleukin 1 that are involved in the pathogenesis of chronic diabetes complications.'>'®

In Ethiopia, DM is estimated to affect half a million people.” Even though previous studies in Ethiopia had primarily
focused on the prevalence of anemia and its associated factors, the goal of this study is to determine the prevalence of and

associated factors of cytopenia in T2DM, which had not been addressed in previous studies.

Materials and Methods

Study Setting, Population, and Period

A cross-sectional study was conducted from March to May 2021 on a total of 357 T2DM patients attending at the
University of Gondar Comprehensive Specialized Hospital chronic illness clinic. All adult T2DM study participants that
are on follow-up in the chronic illness clinic of the hospital were considered as a source of the population. All adult
T2DM study participants who were on follow-up at the hospital chronic illness clinic during the study period and
volunteered to participate in the study were included in the study population. The study participants were recruited by
using a simple random sampling technique.

Inclusion and Exclusion Criteria

All adult study participants who were diagnosed with T2DM and who were willing to participate were conveniently
included in the study. Participants with severe bleeding, patients undergoing current surgery, cancer, hyperthyroidism,
and severely ill patients unable to consent were excluded from this study.

Study Variables

The magnitude of hematological abnormalities was considered as an outcome variable and socio-demographic char-
acteristics (gender, age, residence, educational level, occupation, marital status, religion) and clinical and behavioral
characteristics (duration of DM, duration of antidiabetic drug use, malaria infection, history of chronic illness, estrogen-
containing oral contraceptives like choice and style (for female patients), hypertension, body mass index (BMI), physical
exercise habit, habitual cigarette smoking, history of alcohol consumption, and using traditional medicine were con-
sidered as the independent variables.

Operational Definitions
Cytopenia: was defined as a reduction in either RBCs, WBCs, or platelets.'’

Bi-cytopenia was defined as two of the three lineage cell counts falling below the levels.'®

BMI: was calculated as weight in kg divided by height in m* and the result is categorized as the following: severely
underweight, underweight, normal, overweight, and obese were considered when the BMI is < 16.5, < 18.5, 18.5-24.9,
25-29.9, and > 30, respectively.'®

Alcohol consumption: was defined as the act of ingesting (typically orally) a drink containing ethanol or

ethyl alcohol.*°
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Data Collection Procedure

Sociodemographic Data Collection

After obtaining an informed written consent, a structured and pretested questionnaire was used to collect sociodemo-
graphic and behavioral data from eligible study participants. The questionnaire was used to conduct face-to-face
interviews with the participants. The questionnaire has two parts. The first part of the questionnaire consists of socio-
demographic characteristics of study participants, and the second part consists of questions regarding the behavioral
information of study participants. The sociodemographic data were gathered through the use of questionnaires and face-
to-face interviews conducted by trained nurses working in the chronic illness clinic of the hospital.

Clinical and Behavioral Data Collection

Clinical data including duration of DM, duration of antidiabetic drug intake, blood pressure, and other related data were
collected by trained nurses from the patient’s medical chart using data collection sheets. The weight and height of the
study participants were measured and were used for the calculation of BMI. The BMI is calculated after careful
measurement of the weight and height of the study participants.

Blood Sample Collection

A total of 3 milliliters of venous blood samples were collected using the vacutainer method. The blood was dispensed
into a tube containing tri-potassium Ethylene Diamine Tetraacetic Acid (EDTA). The blood sample was used for the
CBC examination. The blood sample was collected aseptically by strictly following standard operating procedures.

Complete Blood Cell Count Determination

The Beckman Coulter UniCel DxH 800 fully automated hematology analyzer was used to determine the results. The
coulter principle is used in the DxH 800 CBC analysis, which is based on a suspension of blood cells being passed
through a small orifice simultaneously with an electric current. Individual blood cells passing through the orifice
introduce an impedance change in the orifice determined by the size of the cell. The system counts the individual
cells and provides a cell size distribution. The coulter volume, conductivity, and scatter established WBC differential
technology using three measurements: individual cell volume, high-frequency conductivity, and laser-light scatter.

Data Quality Control Measures

The sociodemographic, behavioral, and clinical data quality was maintained by preparing the questionnaire in English
and translating it to the local language (Amharic), then converting it back to English to examine the uniformity of the
data collection tools. The pretest of the questionnaire was performed among 5% of the total participants. All study
participants were notified about the objective and importance of the study before the data collection. The gathered
data was inspected daily for consistency and accuracy. Further, the laboratory data quality control measures were kept
by maintaining the sample’s quality by removing hemolysis, clotting, blood to anticoagulant proportion, and delaying
the laboratory analysis. Besides, to remove the hemolysis, the blood was dispensed to the wall of the EDTA test tube.
Furthermore, any reagents that are used for CBC, peripheral morphology, and blood film were checked for expiration
dates and prepared in compliance with the manufacturer’s guidelines. The commercial Beckman Coulter UniCel®
DxH 800 hematology cell controls (low, normal, and high) were run on a daily basis before the samples were
examined. The quality of the smear and Giemsa stain were checked using known malaria positive and negative slides.

Data Processing and Analyzing

The information was coded, entered into Epi Info version 7.2.4.0, and then transferred to SPSS version 25 for analysis.
Descriptive statistics were used to summarize the characteristics of the study participants. The normality of the data was
checked by the Shapiro—Wilk test. Univariate and multivariate logistic regression analyses were used to determine
factors associated with cytopenia in T2DM. The odds ratio, with its 95% confidence interval, was used to determine the
strength of the association between the independent variable and the outcome variable. Variables with a p-value of less
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than 0.25 on the univariate analysis were entered into a multivariate logistic regression analysis. A p-value of less than
0.05 was considered statistically significant.

Ethical Considerations

The current study was carried out in accordance with the Helsinki Declaration. Besides, an ethical clearance was
delivered by the Ethical Review Committee of the School of Biomedical and Laboratory Sciences, College of
Medicine and Health Sciences, the University of Gondar (Ref. No. SBLS/2746/2021). A permission letter was obtained
from the university of Gondar comprehensive specialized hospital chief executive clinical director. An informed written
consent was obtained from each patient, and the findings were kept confidentially. The confidentiality of the data was
protected by only using codes for specimens and results, and no personal identification was used. In the event of
abnormal results, their medical doctors were notified so that they could receive appropriate treatment.

Results

Sociodemographic Characteristics

A total of 357 T2DM patients were enrolled in the current study. Of those, 186 (52.1%) and 288 (80.7%) were females
and urban residents, respectively. The mean age of the study participants was 54412 years old and ranged from 23 to 87
years old (Table 1).

Table | Socio-Demographic Characteristics of Participants in the 2020 University of Gondar
Comprehensive and Specialized Hospital Chronic lliness Clinic

Sociodemographic Characteristics Frequency Percentage

Gender Male 171 47.9%
Female 186 52.1%

Age 18-39 34 9.5%
40-64 257 72.0%
>65 66 18.5%

Place of residence Urban 288 80.7%
Rural 69 19.3%

Educational status Unable to read and write 97 27.2%
Elementary 110 30.8%
High school 90 25.2%
College and above 60 16.8%

Occupation House wife 89 24.9%
Office work 66 18.5%
Merchant 6l 17.1%
Farmer 53 14.8%
In retirement 45 12.6%
Private 22 6.16%
Driver 9 2.5%
Other 12 3.36

Marital status Single 20 5.6%
Married 276 77.3%
Divorced 23 6.4%
Widowed 38 10.6%

Religion Orthodox 316 88.5%
Muslim 31 8.7%
Protestant 10 2.8%
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Clinical and Behavioral Characteristics

About 43.7% (156/357) of the study participants had a history of chronic disease. Besides, 99.7% (356/357) of the study
participants were taking antidiabetic drugs. Furthermore, the number of patients with hypertension was 216 (60.5%).
About 42.0% (150/357), 20.7% (74/357), and 44.5% (159/357) have a physical exercise habit, are alcohol drinkers, and
have abnormal BMI, respectively (Table 2).

Magnitude of Hematological Abnormalities

The magnitudes of anemia, leucopenia, and thrombocytopenia were 8.7% (95% CI: 6.18, 12.06), 10.9% (95% CI: 8.09,
14.59), and 5.3% (95% CI: 3.43, 8.16), respectively. Instead, leukocytosis, thrombocytosis, neutrophilia, and lympho-
cytosis were 4.8% (95% CI: 2.99, 7.49), 1.1% (95% CI: 0.44, 2.85), 4.8% (95% CI: 2.99, 7.49), and 5.3% (95% CI: 3.43,
8.16), respectively (Table 3). The magnitude of cytopenia, bicytopenia, and pancytopenia were 21% (95% CI: 17.1,
25.53), 1.1% (95% CI: 0.44, 2.85), and 0.56% (95% CI: 0.01, 1.12), respectively (Table 3 and Figure 1).

Factors Associated with Cytopenia and Anemia

Bivariate and multivariate analysis were performed to identify the association of the independent variable with the
occurrence of cytopenia. In bivariate analysis, gender, age in years, residence, educational level, occupation, physical
exercise, and alcohol consumption habits were associated with cytopenia, but in multivariate analysis, none of the
variables was associated with cytopenia. However, the multivariate analysis of anemia demonstrated that being male
(AOR: 3.23, 95% CI: 1.43, 7.56), reducing physical exercise (AOR: 2.70, 95% CI: 1.137, 6.43), and never married
(AOR: 3.90, 95% CI: 1.248, 12.18) were significantly associated with anemia (Tables 4 and 5).

Table 2 Clinical and Behavioral Characteristics of Participants in 2020 the University of Gondar Comprehensive and
Specialized Hospital Chronic lliness Clinic

Clinical and Behavioral Characteristics Frequency Percentage
Duration of diabetes in years <6 235 65.8%
26 122 34.2%
Antidiabetic drug use status Yes 356 99.7%
No | 0.3%
Duration of antidiabetic drug use in years <6 236 66.1%
26 121 33.9%
Traditional medicine use Yes 27 7.6%
No 330 92.4%
Consumption of oral contraceptive Yes 7 3.8%
No 179 96.2%
Physical exercise status Yes 150 42.0%
No 207 58.0%
Cigarette smoking status Yes 5 1.4%
No 352 98.6%
Alcohol drinking status Yes 74 20.7%
No 283 79.3%
History of chronic illness Yes 156 43.7%
No 201 56.3%
Body mass index Abnormal 159 44.5%
Normal 198 55.5%
Blood pressure Hypertensive 216 60.5%
Normotensive 141 39.5%
Journal of Blood Medicine 2022:13 htps: 377
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Table 3 The Magnitude of Hematological Abnormality Among Participants in the 2020
University of Gondar Comprehensive and Specialized Hospital Chronic lliness Clinic

Variable Category Frequency Percent (%)
RBC Normal 322 90.2
Anemia 31 8.7
High count 4 1.1
WBC Normal 301 84.3
Leukopenia 39 10.9
Leucocytosis 17 4.8
Platelet Normal 334 93.6
Thrombocytopenia 19 53
Thrombocytosis 4 1.1
Neutrophil Normal 223 62.5
Neutropenia 117 32.8
Neutrophilia 17 4.8
Lymphocyte Normal 294 82.4
Lymphopenia 44 12.3
Lymphocytosis 19 5.3

Abbreviations: RBC, red blood cell; WBC, white blood cells.

Discussion

Diabetes is associated with peripheral cytopenia, which plays a crucial role in diabetes-related micro and macrovascular

complications. As a result, the goal of this study was to assess the degree of cytopenia in T2DM. Anemia was identified
in 8.7% (95% CI: 7.44, 9.92) of the T2DM patients in the current study. The current study confirmed that anemia is
a mild public health problem among T2DM in the study area, according to the WHO classification of anemia’s public

health relevance in populations.”' The reason for the mild anemia prevalence in T2DM patients is that patients with DM

have systemic inflammation, inhibition of Epo release, damage to the renal interstitium, severe symptomatic autonomic

neuropathy causing efferent sympathetic denervation of the kidney, drugs, altered iron metabolism, and hyperglycemia

are some of the factors that lead to the earlier onset of anemia in DM patients.>> Additionally, anemia in DM patients is

linked to older age, worsening renal function, peripheral vascular disease, lower weight or BMI, lower diastolic blood
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Figure | The magnitude of cytopenia among participants in the 2020 University of Gondar comprehensive and specialized hospital chronic illness clinic.
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Table 4 Factors Associated with Cytopenia Among Participants in the 2020 University of Gondar Comprehensive and Specialized
Hospital Chronic lllness Clinic

Variable Category Cytopenia COR (95% CI) P-value AOR (95% CI)
Yes No

Gender Male 49 122 1.93 (1.17, 3.20) 0.011 0.76 (0.40, 1.461)
Female 32 154 | |

Age in years 18-39 4 30 | 0.199 2.679 (0.77, 9.33)
40-64 60 197 0.66 (0.36, 1.19) 1.122 (0.557, 2.26)
>65 17 49 0.49 (0.26,0.92) |

Residence Urban 6l 227 0.88(0.50-1.54) 0.113 0.613 (0.175, 2.144)
Rural 20 49 | |

Educational level Unable to read and write 24 73 1.31(0.60, 2.88) 0.20 0.847 (0.279, 2.571)
Elementary 30 80 1.50(0.70, 3.20) 0.591 (0.231, 1.513)
High school I5 75 0.80(0.35, 1.86) 1.138 (0.453, 2.861)
College and above 12 48 | |

Occupation House wife 10 79 | 0.011 |
Office work 13 53 1.94(0.79, 4.74) 2.33 (0.889, 6.125)
Merchant 16 45 281 (1.18, 6.71) 0.927 (0.361, 2.382)
Farmer 19 34 0.34 (0.16, 0.73) 0.927 (0.409, 2.102)
Other 23 65 0.803 (0.169, 3.802)

Marital status Never married 6 14 | 0416 -
Married 75 262 0.67 (0.248, 1.798)

Monthly income <500 6 12 1.59 (0.568, 4.47) 0.98 -
500-1500 16 60 0.57 (0.30, 1.06)
1501-2500 I 51 0.69 (0.33, 1.42)
>2500 48 153 |

Religion Orthodox 74 242 1.49 (0.632, 3.489) 0.291 -
Other 7 34 |
Hypertensive 18 59 |

BP Normotensive 28 13 0.76 (0.45, 1.28) 0.303 -
Hypertensive 53 163

Hypertension Yes 19 78 0.77 (0.44, 1.39) 0.478 -
No 62 198 |

Heart Disease Yes 7 26 0.91 (0.40, 2.18) 0.831 -
No 74 250 |

Chronic disease Yes 32 124 0.80 (0.48, 1.33) 0.445 -
No 49 152 |

Physical exercise Yes 28 122 0.67 (0.40, 1.12) 0.127 0.638 (0.359, 1.137)
No 53 154 | |

Alcohol consumption habit Yes 22 52 1.60 (0.90, 2.85) 0.119 I.181 (0.618, 2.257)
No 59 224 | |

Traditional medicine Yes 7 20 1.20 (0.493, 2.97) 0.638 -
No 74 256 |

Abbreviations: AOR, adjusted odds ratio; COR, crude odds ratio; BP, blood pressure.

pressure, polypharmacy, and longer duration of T2DM, as well as not utilizing an angiotensin converting enzyme
inhibitor.”>**

The finding of this study was similar to a previous study in Gondar by Kebede et al where the magnitude of anemia
was 8.06%.%° However, it is lower than studies conducted in Debre Berhan (20.1%)?® and Debre Tabor (29.81%)*’ that
reported a higher magnitude of anemia than the current study. In general, a systematic review and meta-analysis
conducted by Adane et al showed that the overall magnitude of anemia was 31.12% (95% CI; 9.66, 52.58) in DM

patients.”® The discrepancy might be as a result of variations in the type of DM. The present study included T2DM
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Table 5 Factors Associated with Anemia Among Study Participants

Variable Category Anemia COR (95% CI) P-value AOR (95% CI)
Yes No
Gender Male 22 149 291 (1.29, 6.49) 0.009 3.29 (1.43, 7.56)*
Female 9 177 | |
Age 18-64 24 267 | 0.54 -
>65 7 59 0.49 (0.26,0.92)
Residence Urban 24 264 0.801(0.33, 1.95) 0.632 -
Rural 7 62 |
Educational level Unable to read and write 8 89 0.99 (0.31, 3.18) 0.978 -
Elementary and High school 18 183 1.08 (0.38, 3.05)
College and above 5 55 |
Marital status Never married 5 15 3.99 (1.34, 11.84) 0.013 3.90 (1.248, 12.18)*
Married 26 311 |
Monthly income <1500 9 85 0.15 (0.49, 2.68) 0.934 -
1501-2500 5 57 0.95 (0.34, 2.69)
>2500 17 184 |
BP Normotensive 9 132 | 0.216 -
Hypertensive 22 194 1.66 (0.74, 3.73)
BMI Normal 19 179 |
Abnormal 12 147 0.77 (0.36, 1.64)
Hypertension Yes 23 237 1.08 (0.47, 2.50) 0.858 -
No 8 89 |
History of chronic disease Yes 0.45 (0.20, 1.03) 0.559 -
No |
Physical exercise Yes 8 142 | 0.061 |
No 23 184 0.67 (0.40, 1.12) 2.70 (1.137, 6.428)*
Alcohol consumption habit Yes 24 259 0.89 (0.37, 2.15) 0.790 -
No 7 67 | |

Note: *Shows statically significant.
Abbreviations: AOR, adjusted odds ratio; COR, crude odds ratio; BP, blood pressure; BMI, body mass index.

patients only. This is in line with the fact that T2DM patients are more vulnerable to various forms of both short-term and
long-term complications due to the commonness of this type of DM, its insidious onset, and late recognition, especially
in developing countries.”” Anemia has a major negative impact on DM patients’ quality of life and is linked to disease
progression and the development of comorbidities. It’s linked to a quick deterioration in renal function and a greater
requirement for renal replacement therapy, which is frequently unavailable or costly in most underdeveloped nations,
including Ethiopia.** Anemia in DM patients is harmful to their health since it increases the risk of cardiovascular
disease and hypoxia-induced end-organ damage such as diabetic retinopathy, nephropathy, and foot ulcers.*’

The result of the logistic regression showed that males are 3 times more anemic as compared to females. The findings
of the study are similar to those of studies conducted in India** and Ethiopia.>® This might be explained by the fact that
low testosterone levels and hypo-gonadotropic hypogonadism are common in male DM patients. Since testosterone
stimulates erythropoiesis, low testosterone levels may contribute to anemia in male patients.>* Moreover, T2DM patients
with reduced or lack of physical exercise are 2.70 times more at risk of anemia than their counterparts. Notably, in T2DM
subjects, reduced exercise capacity appears to be a predictor of all-cause mortality.*> During exercise, optimal oxygen
delivery and utilization imply a delicate interplay of multiple physiological functions, such as pulmonary ventilation, gas
exchange, cardiac output, muscle blood distribution and diffusion, skeletal muscle aerobic and force-generating capacity,
as well as fatigue perception.*® According to the findings of this study, the never married participants are also 3.9 times
more anemic than their counterparts.
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Leukopenia and leukocytosis were detected in 10.9% (95% CI: 8.09, 14.59) and 4.8% (95% CI: 2.99, 7.49) of T2DM
patients, respectively. Our study is in consonance with a report by Arkew et al in which 3.7% (95% CI: 2.46, 4.95) of DM
patients developed leukocytosis.>’ Total peripheral WBC count, a nonspecific marker of inflammation, has been
suggested to be associated with diabetes risk. The influence of hyperglycemia and the pathophysiology of T2DM may
explain the mechanism driving the increase in total and differential WBC counts in T2DM patients. In T2DM patients,
chronic inflammation, as shown by a higher WBC count, is linked to microvascular problems. In DM, impaired WBC
function is also reported.*®

Thrombocytopenia was found in 5.3% (95% CI: 3.43, 8.16) of T2DM patients. While 1.1% of the participants had
thrombocytosis. By mediating the first phase of hemostasis, blood platelets play a critical role in the clotting process. Platelets
in diabetic individuals have dysregulated signaling pathways, resulting in an increased tendency to activate and aggregate in
response to a stimulus. Increased clotting, poor clot breakdown, and endothelial dysfunction are all linked to platelet
abnormalities.***" Platelets in patients with diabetes are reported to exhibit hyper-reactivity to sub-threshold stimuli and
undergo rapid consumption, resulting in accelerated thrombopoiesis of more reactive platelets.*' The enhanced platelet
reactivity seen in diabetic individuals has been linked to a number of processes. These mechanisms include hyperglycemia,
insulin deficiency and resistance, associated metabolic conditions (obesity, dyslipidemia, and increased systemic inflamma-
tion), and other cellular abnormalities.** Acute hyperglycemia results in increased platelet activation, as documented by
elevated levels of surface adhesion molecules such as P-selectin and soluble markers of platelet activation.****

The magnitude of cytopenia, bicytopenia, and pancytopenia were 21% (95% CI: 17.1, 25.53), 1.1% (95% CI: 0.44,
2.85), and 0.56% (95% CI: 0.01, 1.12), respectively. Hyperglycemia in T2DM and/or its treatment may cause a reduction
in RBC, WBC, and platelets. However, we did not get enough available literature to evaluate our findings. In addition to
this, none of the analyzed variables were associated with cytopenia. Therefore, it paves a path for researchers to
investigate the magnitude of cytopenia and its contributing factors in T2DM patients in large cohorts of participants.

Conclusion and Recommendation

This study showed that T2DM causes disturbances in the hematological parameters and leads to a mild level of
cytopenia. It is, therefore, suggested that hematological abnormalities, especially cytopenia, should be monitored and
controlled on a regular basis in T2DM patients for better prognosis and quality of life.

Abbreviations

AOR, Adjusted Odds Ratio; BMI, Body Mass Index; BP, Blood Pressure; CBC, Complete Blood Count; COR, Crude
Odds Ratio; DM, Diabetes Mellitus; EDTA, Ethylene Diamine Tetra acetic Acid; RBC, red blood cell; T2DM, Type 11
Diabetes Mellitus; WBC, White blood cells.
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