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Summary

Background: Altered levels of many hematological param-
eters have been directly associated with diabetes in adults,
while studies on children with type 1 diabetes mellitus are
lacking. The aim of this study was to determine hematolog-
ical indices in diabetic Bosnian children in comparison to
healthy controls as well as to correlate their levels to blood
glucose and hemoglobin A1c.

Methods: 100 healthy and 100 children with type 1 dia-
betes mellitus (age 1-18) were included in this study.
Complete blood count, hemoglobin Alc, and glucose were
tested. Results were analysed by IBM SPSS Statistics ver-
sion 23.

Results: Significant differences (p<0.05) between healthy
and diabetic children were found in relation to HbA"c, glu-
cose, mean platelet volume, the number of white blood
cells and erythrocytes, hematocrit, hemoglobin and MCH
values. No gender differences or significant age differences
were seen for hemoglobin, hematocrit, and MCV, while
platelets, MPV, and MCH differed by age only in healthy
children. When diabetic children were classified according
to HbAc levels, significant differences were seen for ery-
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Kratak sadrzaj

Uvod: Brojne studije ukazuju na promene hematoloskog
statusa kod odrasle populacije sa dijabetesom, dok su
istrazivanja na deci sa tipom 1 dijabetes melitusa nedovolj-
na. Cilj ovog istraZivanja je bio utvrditi hematoloski status
kod dijabeti¢ne bosanske dece i uporediti ga sa zdravom
kontrolnom grupom te analizirati vezu hematoloskih para-
metara sa koncentracijama glukoze i hemoglobina Al1c u
serumu.

Metode: U istrazivanje je uklju¢eno 100 zdrave i 100 dece
sa tipom 1 dijabetes melitusa, starosti od 1 do 18 godina.
Kompletna krvna slika, hemoglobin A1c i glukoza su testi-
rani kod sve dece. Analiza podataka je uradena pomodu
programa IBM SPSS Statistics, verzija 23.

Rezultati: Znac&ajne razlike (p<0,05) izmedu zdrave i dija-
beti¢ne dece su uocene u vrednostima HbA"c, glukoze,
MPYV, broju leukocita i eritrocita, hematokrita, hemoglobina
i MCH. Polne razlike u vrednostima ispitivanih parametara
nisu nadene. Starosne razlike su bile znacdajne za vrednosti
hemoglobina, hematokrita i MCV. Broj trombocita, MPV i
MCH su pokazali starosne razlike samo kod zdrave dece.
Podela dijabeti¢ne dece prema vrednostima HbAc je

List of abbreviations: BMI, body mass index; CBC, complete
blood count; HbA1c, hemoglobin A1c; HCT, hematocrit; HGB,
hemoglobin; IQR, interquartile range; MCH, mean corpuscular
hemoglobin; MCHC, mean corpuscular hemoglobin concen-
tration; MCV, mean corpuscular volume; MD, medical doctor;
MPV, mean platelet volume; PLT, platelets; RBC, red blood
cells; RDW, red blood cell distribution width; rpm, revolutions
per minute; T1DM, type 1 diabetes mellitus; T2DM, type 2 dia-
betes mellitus; WBC, white blood cells.
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throcyte count and hematocrit value (p=0.013 and 0.019,
respectively). The number of erythrocytes and white blood
cells correlated significantly with HbA1c (p=0.037 and
0.027, respectively).

Conclusions: Lower levels of erythrocytes, hematocrit, and
hemoglobin in diabetic compared to healthy children indi-
cate possible development of anemia, while higher MCV,
MCH, and MPV values indicate an alteration in erythrocyte
morphology. Hematological indices could be a useful inex-
pensive tool in the diagnosis and follow up of type 1 dia-
betes in children.

Keywords: hematological indices, hemoglobin A1c, type
1 diabetes mellitus, pediatric population

Introduction

Type 1 diabetes mellitus (T1DM) is one of the
most common endocrinological disorders in children
and adolescents (1, 2). It is caused by various envi-
ronmental factors interacting with an underlying
genetic predisposition resulting in autoimmune
destruction of pancreatic beta cells (3, 4). The onset
of type 1 diabetes mellitus occurs early in life and chil-
dren affected are at great risk of developing microvas-
cular and macrovascular complications and cardio-
vascular disease later as a complication of diabetes.
Hyperglycemia, dyslipidemia, inflammation, and
stress are factors that increase the risk of vascular
complications in patients with T1DM (2, 8). Those
long-term complications are the leading cause of pre-
mature mortality in this group of patients (5-7).
T1DM complications that develop in children and
adolescents depend on disease duration, metabolic
control level, environmental and genetic factors.

T1DM and its complications represent a heavy
financial burden on diabetic patients, their families,
and society. This is especially true in developing coun-
tries. Hematological indices from complete blood
counts may be used to overcome these challenges as
good indicators and independent predictors for vari-
ous microvascular and macrovascular complications
related to endothelial dysfunction and inflammation.
Altered level of many hematological parameters such
as red blood cells (RBCs), white blood cells (WBC),
and the platelet function and morphology have been
observed and shown to be directly associated with
diabetes (1-4, 12, 13, 15-18, 25-28) and metabolic
syndrome in the adult population, indicating their
close relationship with different components of
metabolic syndrome, including insulin resistance (9-
13). These studies demonstrated a significant differ-
ence in red blood cell distribution width as well as
platelet volume between type 2 diabetic patients and
controls (both increased in diabetic patients) (9-11).
Differences also manifested at the level of total white
blood cells, absolute lymphocyte count, absolute neu-
trophil count when compared to controls (all three
increased significantly in diabetic patients) (10).

Biadgio et al. (10), found that among platelet
indices, mean platelet volume, and platelet distribu-

pokazala da postoje znacajne razlike samo u broju eritrocita
i vrednosti hematokrita (p=0,013 i 0,019, respektivno).
Broj eritrocita i leukocita je pokazao statisticki znacajne
pozitivne korelacije sa HbA1c (p=0,037 i 0,027, respek-
tivno).

Zaklju¢ak: Nize vrednosti eritrocita, hematokrita i hemo-
globina kod dijabeti¢ne u odnosu na zdravu decu indiciraju
potencijalni razvoj anemije, dok vise vrednosti MCV, MCH i
MPV ukazuju na morfoloske promene eritrocita. Hema-
toloski parametri mogu biti jeftini i korisni pokazatelji u
dijagnozi i pracenju dece sa tipom 1 dijabetes melitusa.

Kljuéne reéi: hematoloski parametri, hemoglobin Alc,
dijabetes melitus tip 1, deca

tion width were significantly increased in diabetic
patients. In their study, some of the parameters of
complete blood count (CBC) were found to be useful
tools in following type 2 diabetes and its complica-
tions.

Milosevic et al. (11) reported independent asso-
ciations of hematological parameters with insulin
resistance and glycemic control. This association was
also reported by Uko et al. (14) in type 1 diabetic
patients, where changes in packed cell volume,
platelet, and total white cell count as well as anemia,
thrombocytosis and leukocytosis were reported.

Studies related to the issue of diagnostic signifi-
cance of different hematological markers in children
diabetic population are lacking worldwide due to
unrecognized steep rise in the incidence of childhood
diabetes affecting all countries in the world, including
Bosnia and Herzegovina. Therefore, the aim of this
study was to determine hematological indices (RBC
count, hemoglobin, hematocrit, MCV, MCH, MCHC,
RDW, PLT count, platelet morphology, platelet activa-
tion indicator MPV) in Bosnian children with T1DM
and compare them to healthy controls of the same
age as well as to correlate their levels to blood glu-
cose, HbA"c levels, and anthropometric measure-
ments. Of particular interest was to compare the sex
and age differences in the examined parameters. To
our knowledge, this is the first study of this kind in
Bosnia and Herzegovina.

Materials and Methods
Patient population and study design

Two hundred children aged between 1-18 years
were included in this study. The whole study group
(N=200) consisted of 100 (50%) healthy children
and 100 (50%) children with type 1 diabetes mellitus
treated with insulin at the Department of Paediatrics,
University Clinical Centre Sarajevo. The diabetic
group was at the later phase divided into three groups
according to HbA"c levels.

The control group was age- and sex-matched to
the study group. The mean age of children enrolled
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in the study was 10.36 + 3.85 years. In a group with
T1DM, 13 (13%) children were 1-6 years old, 58
(58%) were 7-12 years old, and 29 (29%) 13-18
years old. In the healthy control group, 15 (15%) chil-
dren were 1-6 years old, 58 (58%) were 7-12 years
old, and 27 (27%) 13-18 years old. The male to
female ratio in the control group was 1.2, and 1.0 in
children with T1DM. The group of children with
T1DM consisted of 50 (50%) male and 50 (50%)
female subjects, while the control group consisted of
55 (55%) male and 45 (45%) female.

Written informed consent was obtained from all
participants recruited into this study (controls and dia-
betic patients). The study was approved by the Ethical
Committee of the University Clinical Centre Sarajevo
and was carried out in compliance with the Helsinki
Declaration.

After obtaining detailed histories for all the chil-
dren involved in the study, they were physically exam-
ined by a medical doctor (MD), and data were record-
ed on forms prepared for this study. Collected data
included age (year), sex, height (cm), weight (kg),
body mass index (BMI) (kg/m?), family history of
chronic diseases, and the laboratory findings. Patients
with a history of accompanying chronic disease, cur-
rent acute infection, alcohol abuse, and atheroscle-
rotic disease or with severe hypoglycemia or diabetic
ketoacidosis were excluded from the study.

Laboratory tests

The following laboratory tests were performed
on healthy and children with T1DM: white blood cell
count (1072/L), red blood cell count (10%2/L),
hemoglobin (g/L), hematocrit (%), MCV (fL), MCH
(pg), MCHC (g/L), RDW (%CV), platelet count
(10%/L), MPV (fL), HbA1c (%), glucose (mmol/L).
Blood samples were taken from the brachial vein after
overnight fasting and were processed within 2 hours
after collection, according to the standard operating
procedure of our institution. Glucose and HbA" ¢ lev-
els were acquired from blood samples that were cen-
trifuged in gel tubes (3000 rpm for 5 minutes). Red
blood cell and platelet morphology parameters were
extracted from routinely performed complete blood
count results. The blood counts were performed on
Cell-Dyn Sapphire (Abbott Diagnostic, USA). Glucose
levels were determined with Architect ci8200 (Abbott
Diagnostics, USA), and HbA"1c was measured using
HPLC method on Adams analyzer (Arkray, USA).

Statistical analysis

Statistical evaluation of results was performed
by IBM SPSS Statistics version 23 (Chicago, IL, USA).
Median, interquartile range (IQR), ratio, and frequen-
cy values were used for the descriptive statistics of the
data. Data distribution was tested using the Kolmo-

gorov-Smirnov test. The parameters were compared
within two groups using the Mann-Whitney U test.
Spearman’s rho correlation analysis was used to
assess the relationships between the parameters. The
Kruskal-Wallis test was used for the comparison of
multiple groups. P-value <0.05 was considered sta-
tistically significant.

Results

There were no differences in age, BMI, total
platelet count, MCV, MCHC, and RDW between
healthy and children with T1DM (Table I). The Mann-
Whitney U test showed a significant difference
between the healthy control group and children with
T1DM in HbAc, glucose, MPV, number of white
blood cells, number of erythrocytes, hematocrit and
hemoglobin values, with p<0.001 for all 7 parame-
ters (Table ). MCH also shows a significant difference
between healthy and children with T1DM, with
p=0.035 (Table I).

When healthy and diabetic populations were
divided according to gender, statistically significant
gender differences were observed only at the level
erythrocyte count, hemoglobin, and MCV (p=0.007,
0.048, and 0.012) in the group of diabetic patients
(Table I1). Healthy controls showed no gender differ-
ences in any of the examined parameters (Table II).

In the analysis of the study populations accord-
ing to their age, hemoglobin, hematocrit, and MCV
showed statistically significant differences between
compared age groups, both in diabetic children and
their healthy peers (Table Ill). MCHC and RDW were
significantly different within compared age groups in
diabetic children (p=0.02 and p=0.007, respective-
ly), while platelets, MPV, and MCH showed statistical-
ly significant age differences in healthy children
(p=0.06, p=0.06, and p=0.01, respectively) (Table
lll). There were no other statistically significant age
differences within the study groups except for those
expected, such as age and BMI (Table ).

In the next phase, the effects of glycaemia con-
trol were tested in the population of diabetic children.
After baseline evaluation, diabetic patients were divid-
ed into three groups according to their HbA"c levels:
Group A consisted of patients with HbA1c levels
<7%, group B consisted of patients with HbA"c levels
between 7.1-8.4 and group C with HbA1c 8.5%
(Table IV). The latest blood A1C targets for children
and adolescents with type 1 diabetes, according to
the American Diabetic Association 2019 criteria (15)
is 7.5%. A lower goal (<7.0%) is reasonable if it can
be achieved without excessive hypoglycemia.

All of the healthy children in the control group
had HbA1c values <6% (Table IV). According to
HbA" ¢ values, 26% of children had an excellent level
of disease control, 44% of children showed a some-
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Table 1 Anthropometric, clinical and hematological characteristics of children with type 1 diabetes mellitus and healthy controls.

Parameter Hea(llt\lhl /(l:gg;rrols Typ(eN’lz(;li(a)(b;)ates b
Age (years) 9.0 (8.0-13.0) 10.5 (8.0-14.0) 0.071
BMI (kg/m?) 18.5 (15.8-21.3) 18.4 (16.3-20.2) 0.920
HbA1c (%) 5.1 (4.9-5.2) 7.9 (7.0-8.7) <0.001
Platelets (10%/L) 286.5 (253.5-330.8) 274.5 (235.3-326.8) 0.141
MPV (fL) 6.3 (5.6-6.8) 7.5 (6.5-9.3) <0.001
Glucose (mmol/L) 4.7 (4.4-5.0) 13.5(9.3-18.3) <0.001
RBC (10"2/L) 5.2 (4.9-5.4) 4.9 (4.6-5.1) <0.001
Hemoglobin (g/L) 143.0 (138.0-148.0) 137.0 (129.3-143.8) <0.001
Hematocrit (%) 43.3 (41.4-45.1) 40.7 (39.1-43.7) <0.001
MCV (fL) 82.9 (81.3-85.7) 83.4 (80.6-88.3) 0.476
MCH (pg) 27.5 (26.8-28.5) 28.1 (27.0-29.2) 0.035
MCHC (g/L) 330.0 (327.0-336.0) 332.5 (320.0-348.0) 0.514
RDW (%CV) 11.8 (11.4-12.1) 11.6 (10.6-12.4) 0.088
WBC (1012/1) 7.3 (5.9-8.7) 6.1 (4.9-7.5) <0.001

Values represent medians (lower-upper quartile), p — significance between healthy controls and children with type 1 diabetes. All differ-
ences were tested using the Mann-Whitney U test.

BMI, body mass index; HbA1c, hemoglobin Alc; MPV, mean platelet volume; RBC, red blood cells; MCV, mean corpuscular volume;
MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red blood cell distribution width; WBC,
white blood cells.

Table Il Gender differences in anthropometric, clinical and hematological characteristics of children with type 1 diabetes mellitus

and healthy controls.

Parameter Healthy Controls Type 1 Diabetes
Male (N=55) Female (N=45) p* Male (N=50) Female (N=50) p**

Age (years) 9.0 (7.0-13.0) 9.0 (8.0-13.0) 0.564 10.0 (7.8-12.0) 12.0 (9.0-15.0) 0.097
BMI (kg/m?) 18.6 (16.4-20.4) 17.4 (15.4-21.6) | 0.716 16.3-19.4 18.5(16.4-21.0) | 0.182
HbA1c (%) 5.2 (4.9-5.3) 5.1 (4.9-5.2) 0309 7.9 (7.0-8.7) 7.9 (7.1-8.5) 0.738
Platelets (10%/L) |293.0 (255.0-334.0)|283.0 (251.5-329.0)| 0.554 |272.5 (229.3-315.8)|276.0 (239.3-339.8)| 0.340
MPV (fL) 6.3 (5.8-6.8) 6.2 (5.5-6.9) 0.371 7.4 (6.5-9.5) 7.6 (6.4-9.2) 0.775
Glucose (mmol/L) 4.7 (4.5-5.1) 4.7 (4.4-4.9) 0.420 13.1 (8.7-18.9) 14.4 (10.0-17.3) | 0.863
RBC (10"%/L) 5.3 (5.15.4) 5.1(4.9-5.4) 0.190 5.0 (4.8-5.3) 4.7 (4.5-5.0) 0.007
Hemoglobin (g/L) {144.0 (138.0-149.0)|143.0 (138.0-147.5)| 0.739 |140.5 (130.8-144.3)|135.5 (129.0-141.0)| 0.048
Hematocrit (%) 43.2 (41.4-45.1) 43.3 (41.5-45.1) | 0.816 | 40.8(39.3-44.1) 40.4 (38.9-43.1) | 0.377
MCV (fL) 82.9 (81.3-85.6) 83.4 (81.3-86.2) | 0.425 | 81.9(79.6-86.8) 85.2 (81.5-90.7) | 0.012
MCH (pg) 27.5 (26.8-28.4) 27.7 (26.9-29.0) | 0.427 | 27.8(26.9-28.9) 28.3(27.4-29.8) | 0.224
MCHC (g/L) 332.0 (326.0-336.0)|330.0 (327.5-336.0)| 0.920 |338.0 (321.8-349.0)|329.0 (319.0-345.0)| 0.177
RDW (%CV) 11.8 (11.5-12.1) 1.7 (11.4-12.1) | 0.474 | 11.7 (10.5-12.3) 11.5(10.7-12.4) | 0.823
WBC (101%/L) 7.3 (6.2-8.5) 7.3 (5.7-9.3) 0.724 5.9 (4.8-7.5) 6.4 (5.2-7.9) 0.528

Values represent medians (lower-upper quartile), p* — significance between males and females in the group of healthy controls. p** — sig-
nificance between males and females in children with type 1 diabetes. All differences were tested using the Mann-Whitney U test.

BMI, body mass index; HbA1c, hemoglobin Alc; MPV, mean platelet volume; RBC, red blood cells; MCV, mean corpuscular volume;
MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red blood cell distribution width; WBC,
white blood cells.
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Table 11l Age differences in anthropometric, and hematological characteristics of children with type 1 diabetes mellitus and

healthy controls.

Healthy Controls Type 1 Diabetes
Parameter 1-6 years 7-12 years | 13-18 years % 1-6 years 7-12 years | 13-18 years o
(N=15) (N=58) (N=27) P (N=13) (N=58) (N=29) P
40 9.0 14.0 10.0 16.0
Age (years) (3.050) | (8.010.3) | (13.0-16.0y | <0-001|50B:5-6.01| (90120 | (14.0-17.0) | <0-001
5 152 18.4 214 181 17.2 21.0
BMI(ko/m) | (148 16.4) | (15.4202) | (18.6-23.2) | <9001 | (15019.3) | (15.8-18.6) | (19.3-23.4) | <0001
5.1 77 8.0
HbATc (%) |51(49-52)|51(49-52)| (,oto | 0928 [82(78-88)| lihe | (7589 | 0656
Platelets 297.0 304.0 253.0 0.06 294.0 264.5 283.0 0299
(109/L) (259.0-327.0)|(274.8-337.3)|(242.0-288.0)) 900 |(247.5-359.5)((223.0-314.0)|(235.5-343.5)| -
6.2 6.1 6.8 7.2 7.4 79
MPV (fL) 55-68) | (55.6.6) | 6175 | %9 | (6278 | (6492 | (704102 | 0673
Glucose 46 49 48 0.08 116 14.1 117 0502
(mmol/L) 4.0-47) | (4451 | (4450 : (10.5-18.7) | (8.9-19.0) | (7.8-16.9) | ©
" 5.2 5.2 53 48 49 49
RBC(O™/L| (49553 | @954 | (54156 | 913 | 4551 | @651 | @es2 | 049
Hemoglobin 138.0 143.0 149.0 <0.001 129.0 136.0 141.0 0.05
(o/L) (131.0-142.0)|(136.8-147.0)|(146.0-156.0)| <9997 |(126.5-139 5)|(129.8-144.0)|(135.5-143.5)| -
Hematocrit 412 42.9 451 39.2 406 43.0
(%) (39.7-42.8) | (41.3-445) | a3.4-26.8) | <009 | 36.9-39.6) | (38.9-43.1) | (40.6-46.7) | <0-001
80.9 82.9 857 792 82.4 (80.4- 88.4
MCV (fL) (80.0-82.2) | (81.2-85.5) | (82.9-88.4) | <0-091| (77.1_81.5) 86.5) (85.3-92.4) | <0-001
27.0 275 282 277 27.9 (27.0- 283
MCH (pa) | (264277) | (26.8-284) | (27.4-29.3) | 9OV | (25.7-20.0) 28.9) (27.5-30.1) | 0-481
333.0 330.0 332.0 3430 337.0 3200
MCHC(9/L) 13570 336.0)|(327.0-335.3)|(324.0-338.0)| ©-°9? ((327.5.366.5)((323.8-349.3)(308.0_335.5)| °-020
. 118 117 119 111 15 1138
RDW (%CV) | (11.6-11.9) | (11.4-12.0) | (11.3-12.4) | 947 | (102-12.1) | (10.3212.1) | (11.2-15.1) | 9007
" 73 72 75 71 5.9 5.9
WBC(I0/D) (53%96) | (59-84) | (6487) | 977® | (5987 | 4874 | (52281 | 1%

Values represent medians (lower-upper quartile), p* — significance between age groups in healthy controls. p** — significance between
age groups in children with type 1 diabetes. All differences were tested using the Kruskal-Wallis test.

BMI, body mass index; HbA1c, hemoglobin Alc; MPV, mean platelet volume; RBC, red blood cells; MCV, mean corpuscular volume;
MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red blood cell distribution width; WBC,

white blood cells.

what worse level of disease control, while 30% of chil-
dren with T1DM had essentially uncontrolled disease
with HbA“ ¢ levels reaching 15% or more (Table IV).

No significant differences were observed at the
level of age, BMI, WBC, hemoglobin, MCV, MCH,
MCHC, RDW, PLT count, and MPV between com-
pared groups (Table V). Statistically significant differ-
ences between groups were observed only for ery-
throcyte count and hematocrit value (p=0.013 and
0.019, respectively), in addition to expected differ-
ences in glucose and HbA"lc levels (Table V).

Spearman correlation analysis (Table VI) showed
significant positive correlations between BMI, HGB,
HCT, MCV, RDW, and age in diabetic Bosnian chil-
dren. MCHC showed a significant negative correla-
tion with age. MPV showed significant negative corre-
lations with platelet and leukocyte counts, and
significant positive correlations with hematocrit and
RDW. The number of erythrocytes, as well as white
blood cells, showed a significant positive correlation
with HbA1c. Other correlations of hematological
indices with HbA1c and glucose in diabetic children
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Table IV Type 1 diabetes mellitus patients grouped by levels of HbA1c.

HbA1c <7% HbA1c 7.1-8.4% HbA1c >8.5% Total
Healthy Controls 100 0 0 100
Type 1 diabetes 26 a4 30 100
Total 126 44 30 200

Values represent frequency, number of children in each group determined by values of HbA1c (hemoglobin A1c).

Table V Influence of glycemia control on the values of anthropometric and hematological parameters in children with type 1 dia-

betes.

Parameter HbA1c <7%(N=26) HbA?,Sli';llaj)SA% Hb’?ﬁi;g)'S% p

Age (years) 10.0 (8.8-12.0) 10.5 (8.0-15.0) 11.5 (8.8-13.3) 0.886
BMI (kg/m?) 17.2 (15.7-18.9) 18.5 (16.4-20.8) 18.4 (16.9-20.3) 0.362
HbA1c (%) 6.6 (6.1-6.9) 7.9 (7.4-8.2) 9.3 (8.7-10.5) <0.001
Platelets (10%/L) 261.0 (229.3-307.3) 272.0 (234.0-335.0) 288.0 (239.8-358.8) 0.181
MPV (fL) 7.4 (6.5-8.9) 7.6 (6.7-9.3) 7.5 (6.1-9.4) 0.316
Glucose (mmol/L) 11.2 (6.1-14.5) 12.7 (9.7-16.6) 18.6 (11.5-21.5) <0.001
RBC (10"%/1) 4.6 (4.4-5.1) 4.9 (4.7-5.1) 4.9 (4.7-5.3) 0.013
Hemoglobin (g/L) 134.0 (125.8-144.0) 140.0 (131.0-143.0) 137.0 (131.5-144.0) 0.276
Hematocrit (%) 401 (37.8-41.3) 41.0 (39.5-44.3) 41.3 (39.0-44.4) 0.019
MCV (fL) 83.9 (81.0-87.5) 84.7 (79.9-89.5) 81.8 (80.1-87.4) 0.730
MCH (pg) 28.7 (27.5-29.8) 28.1 (26.8-28.9) 27.7 (26.9-29.2) 0.114
MCHC (g/L) 343.0 (329.0-358.0) 328.0 (315.3-340.5) 333.5 (319.8-346.3) 0.183
RDW (%CV) 11.6 (10.5-12.1) 11.6 (10.8-12.9) 11.4 (10.5-12.6) 0.752
WBC (10"%/1) 5.6 (4.8-6.9) 5.9 (4.9-7.9) 6.9 (5.7-7.9) 0.067

Values represent medians (lower-upper quartile), p — significance between HbA“lc level groups in diabetic children. All differences

were tested using the Kruskal-Wallis test.

BMI, body mass index; HbA1c, hemoglobin Alc; MPV, mean platelet volume; RBC, red blood cells; MCV, mean corpuscular vol-
ume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red blood cell distribution

width; WBC, white blood cells.

were not significant. Spearman correlation between
erythrocyte and HbA"c values showed a significant
positive correlation (Spearman rho=0.208 with
p=0.037). Spearman correlation between white
blood cells and HbA1c values showed a significant
negative correlation (Spearman rho=0.222 with
p=0.027).

Spearman correlation in healthy Bosnian chil-
dren (Table VII) also showed significant positive corre-
lations between BMI, HGB, HCT, MCV, and age.

MCH and erythrocytes showed positive correlations
with age as well. PLT showed a significant negative
correlation with age in healthy children. HbA"c
showed significant negative correlations with MCH
and MCHC, and a significant positive correlation with
RDW. Other correlations of hematological indices
with HbA1c and glucose, in healthy children, were
not significant. The number of erythrocytes and white
blood cells did not show a significant correlation with
HbAc.



J Med Biochem 2021, 40 (2) 187
Table VI Spearman correlation for analysed parameters in children with type 1 diabetes mellitus (N=100).
AGE BMI | HbA1c | PLT MPV | GLU | RBC | HGB | HCT | MCV | MCH |[MCHC| RDW
Spearmen | ave+ |/ / / / / / / / / 2 A
BMI
p <0.001
Spearmen | 0.009 | 0117 |/ / / / / / / / 2 A
HbA1c
p 0.926 | 0.245
Szef‘r?;?" 0012 | 0188 | 0473 | / / / / / / / / / /
PLT
p 0.909 | 0.062 | 0.086
5?3;";” 0185 | 0122 | -0.073 |-033%*| / / / / / / / / /
MPV
p 0.065 | 0.225 | 0.470 | 0.001
Sf}eaﬁg)a” -0.053 | -0.054 [0.416**| -0.007 | 0.029 / / / / / / / /
GLU
p 0.597 | 0.591 [<00.001| 0.942 | 0.774
S%e(arf(;)a” 0.053 | 0.082 | 0.208* | 0.015 | 0.004 |-0.040 / / / / / / /
RBC
p 0.597 | 0.420 | 0.037 | 0.883 | 0.969 | 0.694
SFF’)e(arL“;?” 0.268** | 0.26** | 0.049 | 0.052 | 0.058 |[-0.104 |0.706**| / / / / / /
HGB
p 0.007 | 0.008 | 0.625 | 0.605 | 0.567 | 0.305 |<00.001
S%e(ar?;)a" 0.401**| 0.28** | 0132 | 0.035 | 0.199* |-0.046 |0.673**|0.690**| / / / / /
HCT
p <00.001| 0.004 | 0.191 | 0.728 | 0.047 | 0.653 |<00.001|<00.001
Sf’ef‘rj]";?” 0.407** | 0.255* | -0.101 | 0.096 | 0.178 |-0.041 |-0.310**| 0.081 [0.431**| / / / /
MCV
p <00.001| 0.011 | 0.315 | 0.342 | 0.077 | 0.687 | 0.002 | 0.421 |<00.001
SF")e(arL"g)a” 0178 | 0.183 | -0.145 | 0.065 | 0.072 |-0.059 |-0.455**| 0.207* | -0.039 |0.511**| / / /
MCH
p 0.077 | 0.069 | 0.150 | 0.520 | 0.476 | 0.559 |<00.001| 0.039 | 0.699 [<00.001
S%efr?;)a” -0.277**| -0.151 | -0.094 | -0.047 | -0.176 |-0.021 | -0.146 | 0.152 |-0.529%*|-0.477**|0.418**| / /
MCHC
p 0.005 | 0.134 | 0.354 | 0.640 | 0.079 | 0.836 | 0.148 | 0.132 |<00.001|<00.001|<00.001
SFF’)e(arL“;;‘“ 0.242* | 0.228* | -0.012 | 0.128 |0.499**|-0.023 | 0.103 | 0113 | 0.124 | 0.046 | 0.019 |-0.089| /
RDW
p 0.015 | 0.022 | 0.907 | 0.203 |<00.001| 0.824 | 0.307 | 0.263 | 0.221 | 0.647 | 0.850 |0.381
Sge(arj]";?” 0114 | 0.061 | 0.222* |0.560** |-0.277**| 0.109 | 0.017 | 0.011 | 0.059 | 0.114 | 0.074 |-0.042|-0.090
WBC
p 0.259 | 0.548 | 0.027 [<00.001| 0.005 | 0.280 | 0.870 | 0.911 | 0.561 | 0.260 | 0.463 |0.681| 0.371

All correlations were tested using Spearman test. Spearman p (rho), value of Spearman’s rank correlation coefficient, where »-« represents
negative correlation, »**« correlation is significant at the 0.0 level, »*« correlation is significant at the 0.05 level. p — significance of cor-

relation between parameters.

BMI (kg/m?), body mass index; HbA1c (%), hemoglobin Alc; PLT (10%/L), platelets; MPV (fL), mean platelet volume; GLU (mmol/L),
glucose; RBC (10"2/L), red blood cells; HGB (g/L), hemoglobin; HCT (%), hematocrit; MCV (fL), mean corpuscular volume; MCH (pg),
mean corpuscular hemoglobin; MCHC (g/L), mean corpuscular hemoglobin concentration; RDW (%CV), red blood cell distribution width;
WBC (1012/L), white blood cells.
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Table VII Spearman correlation for analysed parameters in healthy children (N=100).

AGE BMI |HbA1c| PLT | MPV | GLU | RBC | HGB | HCT | MCV | MCH | MCHC | RDW
BMI [PPegiman) sgoxx| / 2N IV VA B / / / / /|
p .000
Spearman
HbA1c %(rho) .009 | -.033 / / / / / / / / / / /
p 932 | 747
Spearman
PLT %(rho) -314**| -066 | 134 / / / / / / / / / /
p 001 | 516 | .182
Spearman
MPV 2P Cos | 191 | 220% | 137 | -35%* |/ / / / / / / / /
p .057 | .028 | 173 | .000
GLU S%e(arL”g‘;‘” 103 | -.051 | 168 | -.033 | .040 | / / / / / / / /
p 307 | .615 | .095 | .745 | .695
RBC S%Garh”;f” .220* | 178 | .050 | 186 |-.068|-.112 / / / / / / /
p .028 | .076 | .622 | .064 | .500 | .268
HGB S%efm)a” 526%* | 36** | 168 | -.015 |-.008 | -.033 |.660**| / / / / / /
p .000 | .000 | .094 | .880 | .936 | .742 | .000
HCT S%e(argg;ﬂ” 538** | 42*%* | 029 | .045 |-.004 | -.050 |.740%*|.919**| / / / / /
p .000 | .000 | .775 | .660 | .968 | .622 | .000 | .000
Mcv S%e(arﬁg‘;‘” A96**| 34%* | - 067 |-203* | 108 | .021 |-.317**| 348** | 339**| / / / /
p .000 | .001 | .505 | .043 | 285 | .836 | .001 | .000 | .001
MCH S%e(ar;]”g)a” 393%*% | 218* | -230% [ -.218% | 112 | .024 |-.403**|.337*| 165 |.873**| / / /
p .000 | .029 | .021 | .029 | 266 | .816 | .000 | .001 | .101 | .000
MCHC Sii)e(amf” 049 | -133 |-401**| -154 |-030 | .055 |-263**| 112 |-234*| 085 |.499**| / /
p 629 | 189 | .000 | 127 | .767 | .584 | .008 | .269 | .019 | .402 | .000
RDW SF;e(arL”g;ﬂ” -.006 | .039 |.304**| .002 | 165 | .007 | 167 | -170 | .000 | -173 |-.356**|-.497**| /
p 955 | .697 | .002 | .988 | 101 | .943 | .097 | .091 | .999 | .085 | .000 | .000
WBC S%e(ar;]”;‘;‘” 071 | 103 | -052 |.304**|-132|-052 | 108 | -004 | .016 | -085 | -088 | .021 |.007
p 480 | 308 | .607 | .002 | 191 | .604 | .286 | .966 | .876 | .398 | .383 | .835 | .944

All correlations were tested using the Spearman test. Spearman  (rho), the value of Spearman’s rank correlation coefficient, where
»-« represents negative correlation, »**« correlation is significant at the 0.01 level, »*« correlation is significant at the 0.05 level.
p — the significance of correlation between parameters. BMI (kg/mz), body mass index; HbA1c (%), hemoglobin A1c; PLT (1 09/L),
platelets; MPV (fL), mean platelet volume; GLU (mmol/L), glucose; RBC (10"2/L), red blood cells; HGB (g/L), hemoglobin; HCT
(%), hematocrit; MCV (fL), mean corpuscular volume; MCH (pg), mean corpuscular hemoglobin; MCHC (g/L), mean corpuscular
hemoglobin concentration; RDW (%CV), red blood cell distribution width; WBC (1 012/L), white blood cells.

Discussion

Altered levels of many hematological parame-
ters (red blood cells, white blood cells, platelet func-

tion) and their corresponding indices (HGB, HCT,

MCV, MPV) have been observed in patients with dia-

betes. However, some authors did not report such dif-
ferences except for higher WBC count in diabetics. In
this study, hematological parameters were tested and
compared in a group of children with diabetes and
their healthy peers. A careful look at our results shows
many changes in the diabetic population, one of



J Med Biochem 2021, 40 (2)

189

them also being white blood cell count which was
lower in children with type 1 diabetes mellitus, mean
value 6.49%10"2, compared to their healthy peers
(mean 7.44x101? leukocytes, p<0.001).

Observed differences were neither sex nor age
affected. Similar results related to the lower number
of leukocytes in pathogenesis of type 1 diabetes were
reported by Harsunen et al. (16). The discrepancy in
reported leukocyte counts observed in different stud-
ies might be explained by their measurements in dif-
ferent stages of diabetes or from the fact that the data
are related to different ethnic groups. Therefore, fur-
ther investigations are required to explain these differ-
ences in WBC counts.

From all white blood cells, neutrophils are most
involved in the pathogenesis of type 1 diabetes; thus,
WBC count alters mainly due to alteration in neu-
trophil count. Early studies showed that type 1 dia-
betes patients had higher white blood cells, primarily
neutrophil numbers than the controls (17), and
increased neutrophil counts were reported to corre-
late with an augmented cardiovascular complication
risk (17). However, more recent studies showed that
circulating neutrophil number and white blood cells
consequently were decreased in patients with type 1
diabetes and healthy autoantibody positive subjects,
which might be associated with cell specific auto-
immunity (18-21). Lower Neutrophil count mediates
a decrease in total white blood cell count.

Although our research did not include neu-
trophil counts, WBC data correlates with the second,
more recent studies of Valle et al. (18), Harsunen et
al. (19), Wang et al. (20), and Battaglia (21). We
found significantly lower WBC values in children with
T1DM, compared to healthy controls.

When other hematology data are concerned,
descriptive statistics analysis in our study shows a
lower number of erythrocytes, lower hematocrit, and
hemoglobin levels in patients with type 1 diabetes
mellitus when compared to their healthy peers. The
Mann-Whitney U test shows a significant difference
between healthy group and children with T1DM in
number of erythrocytes, hematocrit and hemoglobin
values, with p<0.001 for all three parameters ana-
lyzed. Interestingly, the number of erythrocytes and
the level of hemoglobin were significantly lower in the
diabetic female population, whereas MPV was signif-
icantly higher when compared to the male diabetic
population. Gender differences were not apparent in
the healthy population. Hemoglobin, hematocrit, and
MCV values also differ by age in both diabetic and
healthy children. Mean hemoglobin values in children
with type 1 diabetes mellitus in our research were
lower when compared to healthy peers, 137.2 vs.
143.4 g/L, respectively. This is in accordance with
results reported by Khudhur et al. (22), Mbata et al.
(23), and Kothari et al. (24), who reported lower
mean values for RBC, HGB, and HCT in diabetics

when compared to controls. All of the abovemen-
tioned parameters are indicators for the future devel-
opment of anemia, a common finding in patients with
diabetes, particularly in those with nephropathy and
renal impairment as well as retinopathy and macro-
vascular disease.

When other anemia associated hematological
indexes were examined such as MCH and MCHC, dif-
ferences at the level of different populations as well as
gender differences were not evident. However, age
differences in values of MCHC and RDW for diabetic,
and MCH for healthy children, were evident.

One of the red blood cells indicators often inves-
tigated for its association with anemia in diabetic
patients is red blood cell distribution with (RDW).
Mean RDW values in our study did not differ signifi-
cantly between healthy and children with type 1 dia-
betes, 11.81 vs. 11.96 %, respectively, with p=0.088
determined by the Man-Whitney. Similar results were
reported in numerous other studies (29, 30).
Contrary to these data, Biadgo et al. (10), in a similar
comparative study on 296 participants, reported a
significant difference in red blood cell distribution
width between patients with diabetes and healthy
controls. Differences across the study populations, as
well as differences in study design and ethnicity, may
account for the variability of RDW across studies.

Knowing that diabetes is considered to be a pro-
thrombotic condition where platelets play an active
role (33-35), it was of great interest to examine the
differences in platelet size and number between dia-
betic and healthy populations. In this context, we
were especially interested in MPV since this parame-
ter represents a direct marker of platelet function and
activity (9). Several studies have reported higher MPV
values in individuals with both T1DM and T2DM, and
these changes have been linked to metabolic control
of the disease (31, 32). The average MPV values for
healthy Bosnian children were 6.32 fL, while their
counterparts with type one diabetes had an average
MPV value at 8.32 fL. This difference, as determined
by the Mann-Whitney U test, was significant with
p<0.001. Similar results as ours were reported in dia-
betic children by Venkatesh et al. (36), Demirtunc et
al. (37), Zuberi et al. (38), Biaggo et al. (10), Wino-
cour et al. (39), and Coban et al. (40, 41).

Interestingly, Uko et al. (14) observed a signifi-
cant positive correlation between high PLT and WBC
count and raised blood sugar level among the diabet-
ic subjects studied (r=0.52 and 0.45), respectively.
Other studies showed positive correlations between
WBC and HbAc, such as a recent meta-analysis of
20 studies, which included 90,000 participants
where a positive correlation between increased WBC
level and diabetes risk was found (45).

In Sulochana et al. (46) study among the 100
type 2 diabetic patients with increased glycated
hemoglobin, total leukocyte count was elevated in
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about 18 of 46 male and 22 of 54 female patients.
In Bosnian children with type 1 diabetes, WBC count
showed a significant negative correlation with HbA“c
and glucose. In the study by Milosevic et al. (11), no
such correlation was reported on patients with type 2
diabetes. Reported results are contradictory and
require further attention.

The effects of glucose control and levels of
HbA" ¢ (indicators of disease control) on hematologi-
cal parameters were investigated in this study in three
groups of children.

We expected significant alterations in RDW and
other RBC parameters reported in other studies (47).
In our study, statistically significant differences
between groups with different levels of disease con-
trol were observed only for erythrocyte count and
hematocrit value (p=0.013 and 0.019, respectively),
excluding expected differences in glucose and HbA" ¢
levels. When assessing the correlation between
HbA1c and hematological indices in diabetic children
and their healthy peers, in Bosnian children, the num-
ber of erythrocytes, as well as white blood cells,
showed a significant positive correlation with HbA“c
and at the same time negative correlation with MCH
and MCHC and positive for RDW in healthy children.
Interestingly, some (49) authors reported a significant
positive correlation between MPV and HbA’c
(R=306, p<0.005), while others on non-diabetic
subjects observed an inverse correlation between
HbA1c and MCV (r = -0.22, p<0.05), MCH (r = -
0.30, p<0.05), and MCHC (r = -0.32, p<0.05)
(51). MCV, MCH, and MCHC showed no significant
correlation with HbA1c in numerous studies reported
(47, 50). On the contrary, Jaman et al. (48) reported
a statistically significant decrease of HCT in diabetic
patients (HbA1c 7.5) when compared with non-dia-
betic patients (HbA1c 6.5). A decrease in the HCT
value of diabetic patients may be due to the dehydra-
tion and accumulation of protein.

Ulutas et al. (42) also reported a positive corre-
lation between MPV level and HbA" ¢ level, which is
following our results. Hekimsoy et al. (43), have
shown the opposite, while Ersoy et al. (44), reported
similar MPV values in children diagnosed with T1DM
to those in a control group (8.74 = 0.96 and 8.49 =
0.66, respectively). These different results in platelet
count could be explained by their dependency on sev-
eral variables, such as mean platelet survival, platelet
production rate, and turnover rate in diabetes melli-
tus. Our study has some limitations related to the

effects of the long-term course of the disease, and
these limitations have to be overcome in future
studies.

Conclusions

In this study, statistically significant differences in
numerous hematological parameters of diabetic
Bosnian children were observed when compared to
healthy controls. The mean values of erythrocytes,
hematocrit, and hemoglobin for diabetic children
were found to be within reference ranges but signifi-
cantly lower than the values of the control group, indi-
cating possible development of anemia in the former
group. At the same time, MCV, MCH, and MPV were
higher in children with Type 1 diabetes mellitus indi-
cating an alteration in erythrocyte morphology.
Hemoglobin, hematocrit, MCV, MCHC, and RDW
were age-dependent. Erythrocyte count, hemoglobin,
and MCV showed significant gender differences. Age
and gender had no effect on MPV, WBC, glucose, or
HbA" c levels in children with type 1 diabetes mellitus.
The mean value of white blood cells was also found
to be lower in diabetic children, supporting a general
involvement of the innate immune system in the
pathogenesis of type 1 diabetes. Significant differ-
ences in mean values of erythrocyte and white blood
cells were supported by observed correlations
between HbA1c and: WBC and RBC. A significant
positive correlation between WBC and HbA"c, as well
as RBC and HbA"c, was observed.

Our findings suggest that hematological indices
as accessible, simple, inexpensive laboratory parame-
ters could be a useful tool in following up T1DM in
children. MPV, in addition to HbA"c, can serve as a
prognostic tool for determining the risk of diabetic
microvascular and macrovascular complications.
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