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Abstract
BackGround and Objective: This study 

was done to evaluate different hematological 

indices alterations as an inflammatory 

marker in T1DM children and children with 

DKA, potentially predisposing patients with 

diabetes to complications, and to assess the 

effect of duration of disease and glycemic 

control on different hematological indices. 

Patients and methods:The study was 

conducted in outpatient clinic and outpatient 

Endocrinology Clinic of pediatric 

department jointly with PICU at Fayoum 

University Hospital, it included 120 children 

who were classified into three groups: Study 

Group: was divided in 2 groups Group I: 

40 children with DKA, Group II: 40 

children with T1DM. Control group 

(Group III):40 apparently healthy children, 

age and sex matched to the study group. 

Results: Mean platelet volume (MPV), 

platelet distribution width (PDW) and 

platelet-large cell ratio (P-LCR) were 

significantly higher among diabetic and 

DKA group in comparison with the control 

group. White blood cells count (WBCs) and 

neutrophil (NEUT) were statistically 

significantly higher in DKA group 

compared to T1D and control. Red blood 

cells (RBCs), hemoglobin (HGB) and 

hematocrit (HCT) were statistically 

significantly higher in DKA and T1D group 

as compared to the control group. 

Conclusion:The study revealed that 

hematological parameters changed as a 

result of DM and DKA. Platelets of pediatric 

patients with T1DM and DKA show 

morphological evidence of hyperreactivity 

(higher MPV, PDW and P-LCR). High 

levels of PDW, and WBCs count increased 

the risk of DKA incidence.  

Keywords  

Children, haematological parameters, type-1 diabetes, diabetic ketoacidosis.  

Introduction: 

Type 1 diabetes (T1D) is one of the most 

common endocrine and metabolic conditions 

occurring in childhood (1). Diabetic 

ketoacidosis (DKA) is an acute, major, life-

threatening complication of diabetes that 
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mainly occurs in T1D (2). Higher risk of 

cardiovascular complications and recurrent 

ischemic events are reported in diabetic 

patients (3). The majority of these ischemic 

events occur due to thrombosis and its 

related complications (4). There are various 

mechanisms for increasing atherothrombotic 

risk, including platelet hyperactivity, 

endothelial dysfunction, fibrinolysis, and 

abnormalities in coagulation (3). There is 

PLT hyperreactivity in patients with 

diabetes. Because of PLT 

prothrombinase activity, this 

hyperreactivity increases PLT size or 

PLT hyperfunctionality (5). Also 

Leukocyte count is an inflammatory 

marker and is communicated with 

endothelial dysfunction, insulin 

resistance, incomplete glucose 

metabolism, and loss of function of beta 

cells in diabetic patients. Leukocytes are 

hyperactive in T1DM and its interaction 

with PLTs may lead to PLT 

hyperactivity and microvascular 

complications (5, 6). Similarly it has 

been shown that hyperglycemia has 

multiple effects on the RBC (7). The 

effects of hyperglycemia include 

glycation of hemoglobin, reduced 

deformability of RBCs (8, 9), and 

reduced RBCs lifespan (10).Patients with 

diabetes mellitus show a significant 

derangement in various hematological 

parameters.   

Patients and methods: 
A case control study was conducted in 

outpatient clinic and outpatient 

Endocrinology Clinic of pediatric 

department jointly with PICU at Fayoum 

University Hospital.The study included 120 

children who were classified into three 

groups: 

Study Group: was divided in 2 groups      

Group I: 40 children who present with 

diabetic ketoacidosis (DKA) and admitted at 

PICU.  

Group II: 40 children with type 1 diabetes 

mellitus (DM) who follow up in the 

pediatric endocrinology outpatient clinic. 

Control group (Group III): 

40 apparently healthy children, age and sex 

matched to the study group who came for 

routine health visit in the outpatient clinic of 

pediatric department. 

Inclusion criteria: 

1- Children with T1DM treated with insulin 

and children with DKA. 

2- Both sexes. 

3- Age lower than 18 years. 

4- Duration of diabetes longer than 6 

months. 

Exclusion criteria:  

Subjects who had any of the following 

conditions were excluded from the study: 

1- Children with PLTs count >450000 or 

<150000. 

2- Inherited or acquired diseases which 

affect PLT count and function. 

3- Children received nonsteroidal anti-

inflammatory drugs, lipid reducing drugs, 

aspirin, heparin, chemotherapy, received 

immunosuppressive therapy. 

4- Ongoing infectious disease, C-reactive 

protein >5mg/L.  

5- Abnormal white blood cell (WBC) for 

age.patient with a known neuromuscular 

disorder. 



ISSN: 2536-9474 (Print)                                                                    Original article / FYMJ 
ISSN: 2536-9482 (Online) Fayoum University Medical Journal   Mahmoud et al., 2022,10(2), 47-56 

   
 

 
Page 3 

 
  

 

Methods: 

All  patients will be subjected to the 

following: 

1) Full History taking and general 

examination including : 

 Personal history (age, gender). 

 Onset and duration of DM.  

2) Laboratory investigations, including:  

 Complete blood picture using an 

automated hematology system 

(Sysmex -XS 800 i; Sysmex 

Corporation, Japan).           

 C-reactive protein (CRP) using latex 

agglutination (CRP-Latex 

Cromatest, Mexico).  

 HbA1c. 

 

------------------------------------------------------ ---------------------------------------

 Ethical consideration: 
This study was reviewed by the 

Faculty of Medicine Research 

Ethical Committee. The researcher 

was informed the participants about 

the objectives of the study, the 

examination, investigation that will 

be done. Also the confidentiality of 

their information and their right not 

to participate in the study. 

 Statistical methods:  
Data management was performed 

using the Statistical Package for 

Social Sciences (version 15.0; SPSS 

Inc., Chicago, IL, USA). Compute 

standard descriptive statistics (e.g., 

mean, standard deviation) were be 

used to summarize the data. Nominal 

data was be analyzed using simple 

X2 test, while independent sample T-

test procedure was be used to 

compare means for two groups of 

cases; for more than two groups, data 

was be evaluated with one-way 

analysis of variance (ANOVA). A 

probability value (P value) less than 

0.05 was considered significant. 

 

Results: 
Platelet parameters:  

As showen in table (1):  

MPV was statistically significantly higher in 

DKA group (10.63 ± 1.03, p < 0.0001) and 

T1D (10.01 ± 0.68, p=0.014) as compared to 

the control (9.48 ± 0.72). Also, it was higher 

in DKA group than in T1D (10.63 ± 1.03 vs. 

10.01 ± 0.68), with statistically significant 

difference (p = 0.003).  

PDW was statistically significantly higher in 

DKA group (12.48 ± 2.45, p < 0.0001) and 

T1D (10.87 ± 1.2, p=0.006) as compared to 

the control (9.66 ± 1.22). Also, it was higher 

in DKA group than in T1D (12.48 ± 2.45 vs. 

10.87 ± 1.2), with statistically significant 

difference (p < 0.0001). P-LCR was 

statistically significantly higher in DKA 

group (29.99 ± 8.5, p < 0.0001) and T1D 

(24.35 ± 4.82, p=0.007) as compared to the 

control (19.8 ± 5.76). Also, it was higher in 

DKA group than in T1D (29.99 ± 8.5 vs. 

24.35 ± 4.82), with statistically significant 

difference (p = 0.001).  

PCT was statistically significantly higher in 

DKA group (0.37 ± 0.1) compared to T1D 

(0.33 ± 0.07, p=0.036) and control (0.33 ± 

0.07, p=0.036). However, there was no 

statistically significant difference between 

T1D and control (p = 0.949). There was no 

statistically significant difference between 

the groups in platelet count (p = 0.661). 
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Table (1): 

 DKA group 
(N=40) 

T1D 
(N=40) 

Control 
(N=40) 

P-value# 

Mean SD Mean Mean SD Mean 

PLT 344.3 86.62 329.75 68.75 340.58 65.4 0.661 

MPV 
10.63 1.03 10.01 0.68 9.48 0.72 

0.003a* 
0.014b* 

<0.0001c* 

PDW 
12.48 2.45 10.87 1.2 9.66 1.22 

<0.0001a* 
0.006b* 

<0.0001c* 

P-LCR 
29.99 8.5 24.35 4.82 19.8 5.76 

0.001a* 
0.007b* 

<0.0001c* 

PCT 
0.37 0.1 0.33 0.07 0.33 0.07 

0.036a* 
0.949b 
0.036c* 

                                                                                                                                                                                                       

#One-Way ANOVA                                                                   *Significant 

                                                                                                                                                                                              

a DKA vs. T1D                     b T1D vs. Control                                    c DKA vs. Control  

(PLT: platelet count; MPV: Mean Platelet Volume; PDW: Platelet Distribution Width; P-LCR: Platelet 

Large Cell Ratio; PCT: Plateletcrit). 

WBCs parameters: 

As showen in table (2):  

WBCs count was statistically significantly 

higher in DKA group (13.66 ± 7.9) 

compared to T1D (6.37 ± 1.75, p<0.0001) 

and control (7.05 ± 1.58, p<0.0001). 

NEUT was statistically significantly higher 

in DKA group (9.29 ± 6.69) compared to 

T1D (2.84 ± 1.36, p<0.0001) and control 

(2.83 ± 1.24, p<0.0001).  

NLR was statistically significantly higher in 

DKA group (3.54 ± 2.82) compared to T1D 

(1.13 ± 0.76, p<0.0001) and control (1.07 ± 

0.87, p<0.0001). However, there was no 

statistically significant difference between 

T1D and control (p = 0.985). 

 

 

 

 



ISSN: 2536-9474 (Print)                                                                    Original article / FYMJ 
ISSN: 2536-9482 (Online) Fayoum University Medical Journal   Mahmoud et al., 2022,10(2), 47-56 

   
 

 
Page 5 

 
  

 

 

Table (2): 

 

 DKA group 

(N=40) 

T1D 

(N=40) 

Control 

(N=40) 

P-value# 

Mean SD Mean Mean SD Mean 

WBCs 13.66 7.9 6.37 1.75 7.05 1.58 

<0.0001a* 

0.799b 

<0.0001c* 

LYMPH 3.23 1.73 2.78 0.88 3.23 1.02 0.189 

NEUT 9.29 6.69 2.84 1.36 2.83 1.24 

<0.0001a* 

1.000b 

<0.0001c* 

NLR 3.54 2.82 1.13 0.76 1.07 0.87 

<0.0001a* 

0.985b* 

<0.0001c* 
PLR 130.51 65.06 125.59 31.39 119.48 54.29 0.639 

                                                                                                                                                                                           
#One-Way ANOVA                                                                                               *Significant  
                                                                                                                                                                                           
a DKA vs. T1D                      b T1D vs. Control                                              c DKA vs. Control  

 (WBCs, white blood cells; LYMPH, lymphocyte; NEUT, neutrophil; NLR, neutrophil to lymphocyte ratio; 
PLR, platelet to lymphocyte ratio). 

RBCs parameters: 

As showen in table (3): 

RBCs count was statistically significantly 

higher in DKA group (5 ± 0.56, p < 0.0001) 

and T1D (4.94 ± 0.41, p=0.001) as 

compared to the control (4.54 ± 0.46). 

HGB was statistically significantly higher in 

DKA group (12.36 ± 1.52, p < 0.012) and 

T1D (12.54 ± 1.03, p=0.002) as compared to 

the control (11.56 ± 1.09). 

HCT was statistically significantly higher in 

DKA group (35.48 ± 3.79, p = 0.002) and 

T1D (35.97 ± 2.41, p<0.0001) as compared 

to the control (4.54 ± 0.46).  

There was no statistically significant 

difference between the groups in terms of 

the MCV, MCH, MCHC, RDW%, 

RDW/MCV (p = 0.224, p =0.395, p = 0.985, 

p =0.107, p = 0.152 respectively). 
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Table (3): 

 

 

DKA group 

(N=40) 

T1D 

(N=40) 

Control 

(N=40) P-value# 

Mean SD Mean Mean SD Mean 

RBCs 5 0.56 4.94 0.41 4.54 0.46 

0.824a 

0.001b* 

<0.0001c* 

HGB 12.36 1.52 12.54 1.03 11.56 1.09 

0.796a 

0.002b* 

0.012c* 

HCT 35.48 3.79 35.97 2.41 33.17 2.61 

0.741a 

<0.0001b* 

0.002c* 

MCV 71.27 6.75 73.11 5.18 73.53 7.05 0.244 

MCH 24.83 2.86 25.45 2.29 25.59 2.74 0.395 

MCHC 34.81 1.83 34.84 1.4 34.78 1.1 0.985 

RDW% 14.51 2.46 13.96 1.78 13.6 1.4 0.107 

RDW /MCV 0.002 0.0005 0.0019 0.0004 0.0018 0.0004 0.152 

                                                                                                                                                                                              
#One-Way ANOVA                                                                                    *Significant 
                                                                                                                                                                                      a 
DKA vs. T1D                    b T1D vs. Control                                              c DKA vs. Control 
 (RBCs, red blood cells; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCHC, 
mean corpuscular hemoglobin concentration; RDW, red cell distribution width; RDW/MCV,  red blood 
cell distribution width/mean corpuscular volume).  
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Discussion: 

In this study, we selected a group of patients 

with diabetes, a group of DKA and a group 

of  nondiabetic healthy persons to compare 

hematological parameters between them. 

This study was designed to evaluate 

different hematological indices alterations as 

an inflammatory marker in diabetic children 

and children with DKA, potentially 

predisposing patients with diabetes to 

complications, and to assess the effect of 

duration of disease and glycemic control on 

different hematological indices. 

DM is considered as a prothrombotic state 

characterized by increased platelet activation 

and coagulation and decreased fibrinolytic 

activity. In diabetes, there is an alteration in 

all the systems that maintain the integrity 

and patency of the blood vessels, and a 

vicious circle of events is initiated in the 

vascular wall which includes platelet 

hyperactivity and dysfunction, increased 

inflammation, altered coagulation, and 

endothelial dysfunction (11).The alteration 

of platelets in diabetes is an increase in its 

size and hyperactivity, These altered platelet 

function and activity cause thrombus 

formation (12). 

Regarding platelets parameters alteration in 

the current study, we found that MPV, 

PDW, and P-LCR were elevated in patients 

with diabetes than nondiabetic individuals 

which are in accordance with Jindal et al 

(13), Malachowska et al (14), Venkatesh et 

al (15),  Khudhur and Al-Ani (11). 

In addition, in the current study, we found 

that MPV, PDW, PCT and P-LCR were 

higher in DKA group than in T1D with a 

statistically significant difference. This is in 

agreement with Ma et al (16), Erdoğan et al 

(17), Mousa et al (18), who observed that 

MPV, PDW were significantly higher in the 

DKA group than the diabetic and control 

group. This can be attributed to the 

cytokines released during inflammatory 

conditions, like DKA. These cytokines 

influence the increase in megakaryocyte 

volume; that allows megakaryocyte to 

produce several thousand platelets per cell. 

Platelets produced are activated and are 

larger and more reactive, with wide 

variations in their size (18). In the present 

study, we reported that platelets of pediatric 

patients with T1DM and DKA show 

morphological evidence of hyperreactivity 

(higher MPV, PDW and P-LCR). 

Hyperglycemia has effects on erythrocytes. 

It decreases deformability and changes the 

mechanical characteristics of erythrocytes 

while increasing osmotic fragility and 

adhesion, causing changes in the structure 

and hemodynamic characteristics of 

erythrocytes, and effectively decreasing 

lifespan (17).  

Regarding erythrocyte parameters alteration 

in the current study, we found that RBCs 

count, HGB and HCT were statistically 

significantly higher in DKA group and T1D 

as compared to the control. Elevation these 

parameters in DKA group can be attributed 

due to dehydration in children with DKA.  

In the current study, we reported that there 

was no a statistically significant difference 

between the groups in terms of the MCV, 
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MCH, MCHC, RDW%, RDW/MCV (p = 

0.224, p =0.395, p = 0.985, p =0.107, p = 

0.152 respectively).But there was a 

statistically positive correlation between 

disease duration and MCV (r= 0.409, 

p=0.009). This is in agreement with Erdoğan 

et al (17), who reported that there was no 

statistically significant difference between 

the groups in terms of RDW, MCV, and 

RDW/MCV levels (p>0.05) . 

Leukocyte count is an inflammatory marker 

and is communicated with endothelial 

dysfunction, insulin resistance, incomplete 

glucose metabolism, and loss of function of 

beta cells in diabetic patients. Leukocytes 

are hyperactive in T1DM and its interaction 

with PLTs may lead to PLT hyperactivity 

and microvascular complications (5). 

Regarding leucocytes parameters alteration 

in the current study, we found that WBCs 

count was a statistically significantly higher 

in DKA group when compared to T1D and 

control. This finding is consistent with the 

results mentioned by Karavanaky et al (19), 

Xu et al (20), Małachowska et al (21). 

Also, the results of studies showed a strong 

direct relationship between blood pH and 

level of WBC; i.e. the severity of blood 

acidity increases with the amount of 

leukocytes (22). However, in the current 

study there was no a statistically significant 

difference between T1D and control (p = 

0.799) in term of WBCs count. 

In the present study we reported that NEUT 

was a statistically significantly higher in 

DKA group when compared to T1D and 

control which is in accordance with Xu et al 

(20). In the current study, we found that 

NLR was a statistically significantly higher 

in DKA group when compared to T1D and 

control. 

In the present study, we analyzed the effects 

of different hematological parameters for 

predicting DKA by using multiple stepwise 

logistic regression analysis, we found that 

there was statistically positive correlation 

just between WBCs and PDW for predicting 

DKA. We reported that each one percent 

increase in PDW increased the odds of DKA 

by 2.453 (95% CI 1.514, 3.976) which is in 

accordance with Ma et al (16), who reported 

that a high PDW could pose a risk factor for 

the presence of DKA. Also this is in 

agreement with Erdoğan et al (17), who 

determined that the risk of DKA incidence 

increased with a high level of PDW. They 

found that the risk of DKA incidence 

increased by 3.238 with a high level of 

PDW.  

In addition, in the present study we reported 

that each one percent increase in WBCs 

increased the odds of DKA by 2.297. Wasif 

et al, examined predictors of infection in 

DKA patients and found leukocytosis is a 

more accurate predicator for DKA severity 

rather than infection (23). Also Alamri et al 

(24), reported that the WBC differential 

(namely, monocytes, immature 

granulocytes, basophils, & lymphocytes) is 

associated with the severity of DKA. 

 

Conclusion:  

We concluded that hematological parameters changed as a result of DM and DKA. Especially 

MPV, PDW, P-LCR were highly elevated and HGB , HCT and RBCs count were slightly 

elevated in the DKA and diabetic groups as compared with nondiabetic individuals. We found 
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that platelets of pediatric patients with T1DM and DKA show morphological evidence of 

hyperreactivity (higher MPV, PDW and P-LCR). We reported that high levels of PDW, and 

WBCs count increased the risk of DKA incidence. 
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