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Introduction

Diabetes mellitus (DM) is a metabolic condition marked by 
persistent hyperglycemia as well as impaired carbohydrate, 
lipid, and protein metabolism.1 It is a global public health issue 
that comes with a higher risk of vascular consequences from a 
variety of diseases, including metabolic, cellular, and blood 
abnormalities.2 According to the 2019 International Diabetes 
Federation (IDF) study, there are approximately 463 million 
adults living with diabetes globally, with 19 million from 
Africa. Type 1 diabetes mellitus (T1DM) affects an estimated 
1.1 million children and adolescents worldwide in 2019.3

T1DM is an autoimmune disease that results from the 
destruction of beta cell in pancreatic islets leading to an 
increase in blood sugar levels.4 It is the leading cause of DM 
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in childhood, but it can occur at any age.3 It develops through 
activation of the immune system against beta cell antigens 
and the initiation of proinflammatory responses.4 Persistent 
hyperglycemia in patients with DM is associated with long-
term damage and dysfunction of organs such as eyes, kid-
neys, nerves, heart, and blood vessels.1,5 An imbalance 
between hyperglycemic cell damage and defective endoge-
nous reparative mechanisms bears the brunt of its multi-
organ consequences. DM is characterized by inflammation 
and abnormalities in the hematopoietic compartments.6

DM is directly associated with changes in the hematologi-
cal parameters that affect the red blood cells (RBCs), white 
blood cells (WBCs), and the coagulation factors.7 The effects 
of hyperglycemia in RBCs include change in the erythrocyte 
membrane, disturbance in the oxygen binding of hemoglobin 
(Hgb), and modification in mechanical characteristics.8

Anemia is a common and under-recognized complication 
in patients with T1DM.9 One in five (∼20%) patients with 
T1DM have Hgb levels below the normal reference range.10 
In Ethiopia, the pooled prevalence of anemia among patients 
with T1DM was 16.78%, according to a recent systematic 
review study.11 DM patients with anemia may have an 
increased risk of adverse outcomes due to diabetic retinopa-
thy, neuropathy, nephropathy, and cardiovascular disease.12 
The most well-known cause of anemia in DM is reduced 
erythropoietin production due to malfunction of erythropoi-
etin-producing cells in the cortical interstitium, which can 
exacerbate microvascular problems.13,14 Other causes of ane-
mia include systemic inflammation,15,16 suppression of 
erythropoietin release, medications, renal impairment, 
altered iron metabolism, and hyperglycemia.17,18

Studies revealed that patients with T1DM had higher neu-
trophil counts and thus correlate with an increased risk of 
vascular disease.19,20 Immoderate enlistment of neutrophils 
from the bone marrow and the return of marginated cells to 
the circulatory pond has been postulated for the increment of 
circulating neutrophils.21 Increased mobilization of WBCs 
and secretion of proinflammatory cytokines, adhesion mol-
ecules, and oxidative stress are common in diabetic cardiac 
injury.22,23 On the contrary, adults newly diagnosed with 
T1DM had lower total WBC count and fewer neutrophil, 
basophil, monocyte, and lymphocyte counts. This could be 
due to abnormal neutrophil yield and maturation, peripheral 
consumption or damage, and tissue detainment.24

Elevated platelet counts including increased mean plate-
let volume (MPV), platelet distribution width and reticulated 
platelets, as well as platelet dysfunction frequently occur in 
T1DM.25,26 Circulating platelets in patients with DM are 
hyperreactive with increased adhesion, activation, and 
aggregation activity.27 However, thrombocytopenia in T1DM 
increases bruising or bleeding during insulin injections and 
finger-pricking.

Hematological abnormalities are a common complication 
and under-recognized burden in patients with DM.7 Early 
diagnosis and treatment of these abnormalities including 
anemia helps to decrease morbidity and mortality and 

improves their quality of life in patients with DM.11 However, 
there are limited studies that have assessed hematological 
abnormalities particularly among adults with T1DM in 
Ethiopia. Therefore, the study aimed to determine the magni-
tude of hematological abnormalities and their associated fac-
tors in adults with T1DM attending the University of Gondar 
Comprehensive Specialized Hospital.

Methods and materials

Study design and period

A retrospective cross-sectional study was conducted from 
June to August 2021.

Study area

This study was conducted at the University of Gondar 
Comprehensive Specialized Hospital. The hospital is located 
in Gondar town in Amhara regional state, which is located 
743 km northwest of the capital Addis Ababa, Ethiopia. The 
hospital serves the people of Gondar and the neighboring 
areas. The town is situated at a height of 2133 m above sea 
level. The DM clinic is located inside the outpatient depart-
ment (OPD) and constitute a large number of patients attend-
ing in the follow-up clinic. According to data recorded from 
the hospital chronic OPD, up to 2000 to 4000 patients with 
T1DM visit the DM clinic each year. In chronic illness clinic, 
about 20 health care providers, that is, 10 nurses, 6 general 
practitioner, 2 senior specialists, and 2 residents, work 
together to improve the outcome of patients with DM.

Population

All patients with T1DM who were registered in the OPD of 
the University of Gondar Comprehensive Specialized Hospital 
were used as source population. Patients with T1DM who had 
a registration list with each follow-up date in their medical 
records at the OPD clinic at the time of data collection and 
who fulfill the inclusion criteria were the study populations.

Eligibility criteria

The study included all medical records of patients with 
T1DM above the age of 18 for at least 3 months prior to the 
data collection and who had regular follow-up and compre-
hensive data. Meanwhile, patients with T1DM with a known 
hematological disorder, those who had received a blood 
transfusion in the previous 3 months, and pregnant women 
were excluded.

Sample size determination and sampling 
technique

The sample size calculation was not applicable because  
the study used a retrospective cross-sectional technique. 
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This study included a total of 204 adults with T1DM who 
had a follow-up data for at least 3 months prior to the data 
collection period and had complete information for key 
factors.

Data collection tools

Data collection was carried out using a structured data extrac-
tion checklist. The data sources were the patient admission 
form, follow-up card, and DM registration book. The data 
extraction sheet consists of sex, age, body mass index (BMI), 
duration of DM, fasting blood glucose (FBS) level, type of 
medication, and hematological parameters. Hematological 
parameters including RBC, Hgb, hematocrit (Hct), mean cor-
puscular hemoglobin (MCH), mean corpuscular hemoglobin 
concentration (MCHC), mean cell volume (MCV), WBC, 
WBC differential count, and platelet count were collected. 
Data were collected by one supervisor and trained nurses. 
The data collectors and supervisors received training on how 
to retrieve records using the data extraction sheet.

Operational definitions

Anemia: According to World Health Organization (WHO)28 
altitude adjusted Hgb values <12 g/dL for females and <13 g/
dL for males. According to WHO standard value, leucopenia, 
neutropenia, and lymphopenia is defined are total WBC count 
<4000 cells/μL, neutrophil count <1500 cell/μL, and lym-
phocyte count <600 cell/μL, respectively.29 Leukocytosis, 
neutrophilia, and lymphocytosis are defined as a total WBC 
count above 11,000 cell/μL, neutrophil count > 7000 cell/μL, 
and lymphocyte count > 450 cell/μL, respectively.30,31 Accor-
ding to the WHO, underweight is defined as a BMI of 
<18.5 kg/m2, normal weight is defined as a BMI of between 
18.5 and 24.9 kg/m2, overweight is defined as a BMI of 25 
and 29.9 kg/m2, and obesity is defined as a BMI of ⩾30 kg/
m2.32 Hypoglycemia is defined as a blood glucose level of 
⩽70 mg/dL.33

Statistical analysis

Epi-data version 4.6.0.0 was used to enter the data. The data 
were then analyzed using the Statistical Package for Social 
Science (SPSS) version 23 software. The data were summa-
rized using descriptive statistics. The normality of the data 
was checked by performing Shapiro–Wilk test. To assess the 
strength of the association between the dependent and inde-
pendent variables, bivariable binary logistic regression tests 
were done. Variables with a value of <0.25 in the bivariate 
analysis were fitted into the multivariate logistic regression 
to adjust the confounding factors. The strength of association 
was determined by calculating crude odds ratio (COR) and 
adjusted odds ratio (AOR) with the corresponding 95% con-
fidence interval (CI). p-value less than 0.05 was considered 
statistically significant.

Ethical consideration

The study was carried out after the Ethical Review Committee 
of the University of Gondar School of Biomedical and 
Laboratory Sciences, College of Medicine and Health 
Sciences, gave ethical clearance. A letter of approval was 
also provided by the head clinical director of the University 
of Gondar Specialized Referral Hospital. A consent to par-
ticipate in the study was waived because it was a retrospec-
tive study from medical records. To maintain confidentiality, 
the data collected from the participants was coded.

Results

Sociodemographic and some clinical 
characteristics

A total of 204 medical charts of patients with T1DM were 
reviewed. The mean ± SD age of the patients were 
39.451 ± 15.4 years, with the majority of age group being 
18–25 years. Of the participants, more than half (104; 51.0%) 
of them were females. Out of the study participants, about 
120 (58.8%) were urban dwellers. The mean (± SD) FBS 
level of the patients was 172.4 ± 83.26 mg/dL with 20 (9.8%) 
of the patients had evidence of hypoglycemia. Regarding the 
duration, 58 (28.4%) patients with T1DM had ⩾3 years 
duration of illness since diagnosis (Table 1).

Laboratory findings

The altitude adjusted Hgb level for all patients with 
T1DM ranges from 4.2 to 18.2 g/dL, with a mean value  
of 14.3 ± 2.24 g/dL. The mean (± SD) value of WBC 
count was 12.86 ± 3.32 × 103 cells/μL with a range of 
2–23 × 103 cells/μL. Furthermore, the range of platelet 
count was 94–650 × 103 cells/μL, with a mean of 
269.59 ± 99.76 × 103 cells/μL (Table 2).

Magnitude of hematological abnormalities

The overall magnitude of anemia among adults with T1DM 
was 30.90% (95% CI: 24.49–37.28); from them 42 (66.7%) 
were male patients (Figure 1). Thrombocytosis was detected 
in 5.4% (95% CI: 2.27–8.52), whereas thrombocytopenia 
was observed in 10.3% (95% CI: 6.09–14.5) of the patients 
with T1DM. The common hematological abnormalities in 
adults with T1DM were leukocytosis which was observed in 
76.0% (95% CI: 70.07–81.89) of the patients. Besides, neu-
trophilia and lymphocytosis were detected in 53.43% (95% 
CI: 46.53–60.33) and 43.63% (95% CI: 36.76–50.49) of the 
patients (Figure 2).

Factors associated with anemia

In this study, binary logistic regression model was used for 
the analysis of factors associated with anemia in adults with 
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T1DM. In the bivariate logistic regression, variables that had 
a p-value < 0.2 were sex, age, duration of DM, BMI, and 
FBS. Only being male (COR = 2.86 (95% CI: 1.54–5.33)) 
was significantly associated with anemia in adults with 
T1DM in the bivariate logistic regression. Also, in the 
multivariate logistic regression analysis only being male 
(AOR = 2.28 (95% CI: 1.46–5.29)) was significantly associ-
ated with anemia in patients with T1DM (Table 3).

Factors associated with leukocytosis

To examine factors associated with leukocytosis in patients 
with T1DM, bivariate and multivariate logistic regression 

analyses were done. Only duration of DM ⩾ 3 years 
(AOR = 8.41 (95% CI: 2.49–28.29)) was statistically associ-
ated with leukocytosis (Table 4).

Discussion

In the adult population, hematological changes, such as 
RBCs, WBCs, and platelet function and morphology 
changes, are common in T1DM, demonstrating their tight 
link with different components of metabolic syndrome, such 
as insulin resistance.24,34,35

The most frequent hematological abnormalities in the 
present study were leukocytosis, which was detected in 

Table 1. Sociodemographic and clinical characteristics of T1DM patients attending the outpatient clinic of University of Gondar 
Comprehensive Specialized Hospital, Northwest Ethiopia, 2021.

Variable Category Frequency (N) %

Sex Male 100 49.0
Female 104 51.0

Age (years) 18–25 51 25.0
26–35 47 23.0
36–45 39 19.1
46–55 31 15.2
>56 36 17.6

Residence Urban 120 58.8
Rural 84 41.2

Duration of DM diagnosis <3 years 146 71.6
⩾3 years 58 28.4

BMI Normal 172 84.3
Under weight 16 7.8
Over weight 16 7.8

FBS level <70 mg/dL 20 9.8
70–125 mg/dL 54 26.5
⩾126 mg/dL 130 63.7

Type of medication Insulin INH 187 91.7
Insulin regular 6 2.6
Both 11 5.4

DM: diabetes mellitus; BMI: body mass index; FBS: fasting blood glucose; INH: inhaled human insulin.

Table 2. Hematological parameters of adults with T1DM attending at the University of Gondar Comprehensive Specialized Hospital, 
Northwest Ethiopia.

Parameters Range Mean ± SD Median (IQR)

RBC (×103/μL)  3–15   5.50 ± 2.91 –
Hgb (g/dL)  5–19   14.3 ± 2.24 –
Hct (%) 12–69  46.72 ± 10.56 –
WBC (×103/μL)  2–23  12.86 ± 3.32 –
Neutrophil (×103/μL)  1–23.6   9.58 ± 6.29 –
Lymphocyte (×103/μL) 0.30 ± 9.8   4.53 ± 2.31 –
Platelet (×103/μL) 94–650 269.59 ± 99.76 –
MCV (pg) 26–98 – 78.49 (76.25–85.15)
MCH (fL) 21–71 – 43.76 (26.15–57.75)
MCHC (g/dL) 21–73 – 40.18 (25.00–55.00)

IQR: interquartile range; RBC: red blood cell; MCV: mean corpuscular volume; Hgb: hemoglobin; MCHC: mean corpuscular hemoglobin concentration; 
Hct: hematocrit; MCH: mean corpuscular hemoglobin; SD: standard deviation; WBC: white blood cell.
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Figure 1. The distribution of anemia by sex among adults with 
T1DM at the University of Gondar Comprehensive Specialized 
Hospital.
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Figure 2. White blood cell abnormalities among adults with 
T1DM at the University of Gondar Comprehensive Specialized 
Hospital.

Table 3. Bivariable and multivariable analysis of predator variables of anemia among adults with T1DM attending at the University of 
Gondar Comprehensive Specialized Hospital, Northwest Ethiopia.

Variables Category Anemia COR (95% CI) AOR (95% CI)

Yes N (%) No N (%)

Sex Male 42 (42.0) 58 (58.0) 2.86 (1.54–5.33) 2.28 (1.46–5.29)*
Female 21 (20.2) 83 (79.8) Ref Ref

Age (years) 18–25 13 (25.5) 38 (74.5) Ref Ref
26–35 19 (40.4) 28 (59.6) 1.98 (0.84–4.68) 1.15 (0.86–5.39)
36–45 11 (28.2) 28 (71.8) 1.15 (0.45–2.94) 1.31 (0.48–3.56)
46–55 8 (25.8) 23 (74.2) 1.01 (0.37–2.83) 1.32 (0.44–3.96)
>56 12 (33.3) 24 (66.7) 1.46 (0.57–3.73) 1.42 (0.03–3.90)

Duration of DM diagnosis <3 years 49 (33.6) 97 (66.4) Ref Ref
⩾3 years 14 (24.4) 44 (75.9) 0.63 (0.32–1.25) 0.59 (0.28–1.26)

BMI Normal 57 (33.1) 115 (66.9) Ref Ref
Under weight 3 (18.3) 13 (81.2) 0.47 (0.13–1.70) 0.59 (0.54–2.32)
Over weight 3 (18.3) 13 (81.2) 0.47 (0.13–1.70) 0.51 (0.12–2.02)

Fasting blood glucose 70–125 mg/dL 18 (33.3) 36 (66.7) Ref Ref
<70 mg/dL 4 (20.0) 16 (80.0) 0.50 (0.15–1.72) 0.48 (0.13–1.77)
⩾126 mg/dL 41 (31.5) 89 (68.5) 0.47 (0.47–1.81) 0.92 (0.45–1.90)

Ref: reference category; BMI: body mass index; DM: diabetes mellitus; AOR: adjusted odd ratio; COR: crude odd ratio; CI: confidence interval.
*Statistically significant at p < 0.05.

Table 4. Logistic regression analysis of leukocytosis and associated variables among adults with T1DM attending at the University of 
Gondar Comprehensive Specialized Hospital, Northwest Ethiopia.

Variables Category Leukocytosis COR (95% CI) AOR (95% CI)

Yes N (%) No N (%)

Sex Male 73 (73.0) 27 (27.0) Ref Ref
Female 82 (78.8) 22 (21.2) 1.37 (0.72–2.62) 1.38 (0.70–2.73)

Duration of DM diagnosis <3 years 100 (68.5) 46 (31.5) Ref Ref
⩾3 years 55 (94.8) 3 (5.2) 8.43 (2.50–28.37) 8.41 (2.49–28.29)*

BMI Normal 39 (72.2) 15 (27.8) Ref Ref
Under weight 17 (85.0) 3 (15.0) 0.49 (0.45–5.47) 0.57 (0.15–2.17)
Over weight 99 (76.2) 31 (23.8) 2.40 (0.52–11.0) 0.88 (0.12–6.69)

Ref: reference category; BMI: body mass index; DM: diabetes mellitus; AOR: adjusted odd ratio; COR: crude odd ratio; CI: confidence interval.
*Statistically significant at p < 0.05.



6 SAGE Open Medicine

76.0% (95% CI: 70.07–81.89) of the patients. Although the 
percentage of patients with leukocytosis is not stated, previ-
ous research has shown that leukocytosis is a common 
symptom in patients with T1DM. Findings from studies 
conducted in Ethiopia,36 Nigeria,37 and Bangladesh38 con-
firm that the mean value of total WBC count was higher in 
patients with DM than in non-diabetic controls. The increase 
in WBC count mainly reflects the elevated neutrophil and 
lymphocyte count in these studies. The reason for the high 
WBC count could be related to the increased oxidative 
stress caused by the high levels of hyperglycemia in patients 
with DM. In the state of hyperglycemia, angiotensin and 
cytokines stimulate the formation of polymorphonuclear 
and mononuclear WBCs.39

In the current study, the magnitude of anemia in patients 
with T1DM was 30.9% (95% CI: 24.49–37.28). This indi-
cates anemia as a moderate public health problem in adults 
with T1DM in the study area according to the WHO28 ane-
mia classification for public health importance (20.0–
39.9%). The results of this study are similar with those of 
the previous study conducted at the General Hospital of 
Gelemso (30.2%)40 and Debre Tabor General Hospital 
(29.1%)41 and Egypt (36%),42 but higher than the studies 
performed at Dessie Referral Hospital (16.3%),43 Fenote 
Selam Hospital (21.9%),44 and current systematic review in 
Ethiopia (16.78%)45 and Australia (14%).46 The reason 
might be only patients with T1DM aged 18 years and older 
are included in this study; therefore, with advanced age, 
decreased renal function, inflammation, bone marrow sup-
pression, and malnutrition may occur which can increase 
the development of anemia.47 However, this prevalence was 
lower than the finding from Saudi Arabia (55.5%).16 The 
possible explanation for the difference could be attributed to 
variations in the age of the study population, nutritional sta-
tus, and the study design.

Thrombocytopenia was the other hematological abnor-
mality in the current study which was observed in 10.3% 
(95% CI: 6.09–14.5) of patients. Similarly, a Taiwan study 
showed that DM increases the severity of thrombocytope-
nia in dengue-infected patients.48 This can easily cause 
bruising or bleeding during insulin injections. However, 
thrombocytosis was detected in 5.4% (95% CI: 2.27–8.52). 
This is similar to a study done in Ethiopia which report that 
platelet counts were significantly higher in patients with 
DM than in the controls.36 Besides, studies have shown that 
there is no significant difference in the mean platelet count 
between children with T1DM and healthy controls.25,35 
Possible mechanisms for the increased platelet count in 
DM are related to hyperglycemia, insulin deficiency and 
resistance, and associated metabolic cellular abnormalities 
and therefore increase the risk of thrombotic and vascular 
complications.49

Regarding factors associated with different hematological 
abnormalities, being male was 2.28 times more likely to 
develop anemia as compared to female (AOR = 2.28 (95% 

CI: 1.46–5.29)). The result is comparable with the studies 
conducted at Gelemso General Hospital40 and current sys-
tematic review in Ethiopia.11 The possible reason could be 
that male patients with DM are more commonly affected by 
low testosterone levels and hypo-gonadotropic hypog-
onadism than females. Thus, the low testosterone level 
reduces the production of RBCs and may contribute to ane-
mia.50 In the present study, the duration of DM (⩾3 years) 
was significantly associated with high WBC count 
(AOR = 8.41 (95% CI: 2.49–28.29)). Similar to this study, 
previous study found the relationship between longer dura-
tion of diabetes and a high WBC count.51 Clinically elevated 
WBC counts are observed in DM patients with a long dura-
tion of disease, thus may relate to the susceptibility of 
patients with DM to infection.52

Limitations of the study

The study has some limitations. The data in this study may 
have been inadequate, inconclusive, or inaccurate because it 
was based on secondary data from routine medical records. 
Data on several potentially key predictor variables, such as 
the patient’s behavioral features and other comorbidities, 
were not analyzed, which could potentially limit the study 
findings. Furthermore, the study may lack representativeness 
due to inadequate sample size and we cannot report the 
cause-and-effect relationship of hematological abnormalities 
and microvascular complications due to the cross-sectional 
nature of the design.

Conclusion

This finding indicates high magnitude of hematological 
abnormalities of adults with T1DM including leukocytosis, 
neutrophilia, lymphocytosis, anemia, and platelet disorders 
(thrombocytopenia and thrombocytosis). Anemia is moder-
ate public health problem among adults with T1DM in the 
current study. Moreover, hematological abnormalities were 
associated with male sex and duration of diabetes of the 
patients. Therefore, appropriate prevention and intervention 
strategies are required to halt the burden and microvascular 
complications related to hematological abnormalities.
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