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Evaluation of Hematological Biomarkers in Childhood 
Metabolic Dysfunction Associated Steatotic Liver Disease

Çocukluk Çağı Metabolik Disfonksiyon İlişkili Steatotik Karaciğer Hastalığında 
Hematolojik Biyobelirteçlerin Değerlendirilmesi

Aim: We aimed to investigate the clinical significance and diagnostic value 
of inflammation-based biomarkers in children with a diagnosis of Metabolic 
Dysfunction Associated Steatotic Liver Disease (MASLD).

Material and Method: This study was carried out by retrospectively 
evaluating the files of patients followed up in the Department of Pediatric 
Hepatology at Selçuk University between July 2022 and January 2023.The 
study was completed with 120 patients with MASLD diagnosed according 
to the criteria of the AASLD and EASL, 80 healthy controls.Comparisons 
were made by calculating laboratory values ​​and formulas through them.

Results:There were 50 (41.7%) girls and 70 (58.3%)boys in the patient 
group,and 40 girls (50.0%) and 40 boys (50.0%) in the control group.While 
80 patients with Grade 0 detected in liver ultrasonography were taken 
as the control group; 102 (85%) Grade 1 and 18 (15%) Grade 2-3 patients 
were considered as the patient group.The values ​​of the patients were 
compared with the values ​​of healthy volunteers.When the WBC, neutrophil, 
lymphocyte, platelet, MHR, RPR, RLR, MPR, WMR, GPR, SII and FIB-4score 
values ​​were compared according to liver grading, a correlation was found 
in the tests performed on the patients.

Conclusion: Our study suggests that the presence of MASLD should be 
investigated in individuals, and possible complications can be prevented 
with early diagnosis and treatment approaches.As a result, we think that 
the use of hematological biomarkers will be useful for the simple and 
rapid detection of patients with suspected MASLD and who need further 
examination and treatment.

Keywords: Metabolic dysfunction associated steatotic liver disease, 
biomarker, chıldren, fatty liver disease

ÖzAbstract

Meltem Gümüş1, Alaaddin Yorulmaz2, Hakan Candan3, Mehmet Öztürk4, Fuat Buğrul5, 
Halil Haldun Emiroğlu1

Amaç: Çalışmamızda Metabolik Disfonksiyon İlişkili Steatotik Karaciğer Hastalığı 
(MASLD) tanılı çocuklarda inflamasyon temelli biyobelirteçlerin klinik önemi ve 
tanısal değerini araştırmayı amaçladık.

Gereç ve Yöntem: Bu Çalışma, Temmuz 2022-Ocak 2023 tarihleri arasında 
Selçuk Üniversitesi Çocuk Gastroenteroloji bölümünde takip edilen hasta 
dosyalarının retrospektif olarak değerlendirilmesi ile gerçekleştirilmiştir.AASLD 
ve EASL kriterlerine göre tanı konulan 120 MASL hastası ve 80 sağlıklı kontrol 
grubu ile çalışma tamamlanmıştır. Laboratuvar değerleri ve bunlar aracılığı ile 
formüller hesaplanarak karşılaştırmalar yapılmıştır. 

Bulgular: Hasta grubunda 50 (%41,7) kız, 70 (%58,3) erkek ve kontrol grubunda 
ise 40 kız (%50,0), 40 erkek (%50,0) idi.Karaciğer Ultrasonografilerinde Grade 0 
tespit edilen 80 hasta kontrol grubu; 102’si (%85) Grade 1 ve 18’i (%15) Grade 
2-3 hasta grubu olarak kabul edildi. Hastaların değerleri, sağlıklı gönüllülerin 
değerleri ile karşılaştırıldı.Yapılan testlerde hastalarda WBC, nötrofil, lenfosit, 
platelet, MHO, RPO, RLO, MPO, WMO, GPO, Sİİ ve FIB-4 skor değerleri karaciğer 
Gradelendirilmesine göre karşılaştırıldığında korelasyon tespit edildi. 

Sonuç: MASLD’ın erken tespiti için etkili bir izleme göstergesine acilen 
ihtiyaç duyulmaktadır. Yapmış olduğumuz bu çalışma, kişilerde MASL 
varlığının araştırılması gerektiğini, erken tanı ve tedavi yaklaşımları ile olası 
komplikasyonların önüne geçilebileceğini düşündürmektedir.Sonuç olarak 
MASLD’den şüphelenilen, ileri tetkik ve tedaviye ihtiyaç duyan hastaların basit 
ve hızlı bir şekilde tespiti için hematolojik biyobelirteçlerin kullanımı faydalı 
olacağı düşüncesindeyiz. 

Anahtar Kelimeler: Metabolik disfonksiyon ilişkili steatotik karaciğer hastalığı, 
biyobelirteç, çocuklar, yağlı karaciğer hastalığı
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INTRODUCTION
Hepatic steatosis, hepatocyte damage, liver inflammation, and 
fibrosis, which were associated with overweight or obese people 
for many years, was published in 1980 by Jurgen Ludwig with the 
term “Non-Alcoholic Steatohepatitis”.[1] It was considered that this 
definition did not fully elucidate the etiology, was stigmatizing, 
and contributed to inequality in healthcare. The term “Steatotic 
Liver Disease Associated with Metabolic Dysfunction” (MASLD) 
was suggested later in the article published in 2020 by Eslam 
et al.[2] The nomenclature was changed in 2023 by the Liver 
Diseases Research Association (AASLD) and the European Liver 
Diseases Research Association (EASL), predicting that it could 
improve awareness and patient identification.[3] 
MASLD is a healthcare concern with increasing prevalence 
because of improved living conditions and sedentary lifestyle 
habits.[4,5] Its global prevalence is 20-50% in obese children 
and is the most common Chronic Liver Disease (CHD) on a 
global scale.[6,7] In our country, its prevalence was reported to 
be 23-62% in obese children.[8-10] 
MASLD often has no symptoms but sometimes, liver 
enlargement may be the only finding on examination. For 
these reasons, the diagnosis of the disease is made with 
laboratory findings. Ultrasonography (USI) is among the basic 
methods employed to detect fatty liver.[3,11] Early detection 
and evaluation of MASLD and liver fibrosis, monitoring 
disease development, and choosing appropriate therapeutic 
modalities for patients are very important.[12,13] Liver biopsy 
is the gold standard for grading of liver fibrosis and clinical 
diagnosis. However, it is not always preferred in children 
because it is an invasive method. Increasing evidence shows 
that chronic inflammation is considered an important part of 
its pathophysiology.[14] It is possible to predict the presence 
and development of MASLD with inflammatory markers.[10,15-17] 
In the present study, the researchers planned to investigate 
the clinical value of novel, non-invasive, and practical 
inflammatory biomarkers to assess the relationship between 
hematological biomarkers and MASLD in obese children and 
to predict the development of MASLD.

MATERIAL AND METHOD 
The study was carried out with the permission of Selçuk 
University Local Ethics Committee (Date: 18.07.2023, Decision 
No: 2023/352). All procedures were carried out in accordance 
with the ethical rules and the principles of the Declaration of 
Helsinki.
The study included 120 patients who were diagnosed with 
MASLD, detected to have adiposity on USI, with excluded 
autoimmune, metabolic, and infectious causes, and who were 
not known to have drug and toxin exposure, in the Pediatric 
Hepatology clinic of the Selçuk University between July 2022 
and January 2023.[18] The control group consisted of 80 healthy 
children who met the inclusion criteria after semi-structured 
diagnostic interviews. All children were assessed and their 

gender and age characteristics were recorded. Body Weight (BW-
kg), Height (cm), Body Mass Index (BMI), and Body Weight for 
Height (BWH) measurements were recorded for all patients.
Simultaneous complete blood counts and biochemistry 
samples with USI were taken from the system of the 
biochemistry laboratory of the Faculty Hospital were taken 
from the hospital system by using the Beckman Coulter 
AU5800, LH780 brand device. Hemoglobin (Hb), platelet 
distribution width (PDW), the mean platelet volume (MPV), 
mean corpuscular volume (MCV) and erythrocyte distribution 
width (RDW) values were recorded from the files. Alanine 
amino transferase (ALT), aspartate amino transferase (AST), 
GGT, total protein, albumin, cholesterol, HDLcholesterol, 
and LDLcholesterol values were assessed. Then, neutrophil/
lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), 
lymphocyte/monocyte ratio (LMR), hemoglobin/RDW (HRR), 
RDW/platelet (RPR), RDW/lymphocyte (RLR), MPV/platelet 
(MPR), WBC/MPV (WMR), GGT/platelet ratio (GPR), and 
monocyte/HDL cholesterol (MHR) value and monocyte ratios 
were calculated. NPAR was calculated by using the formula 
of “Neutrophil percentage (%)x100/Albumin (g/dL), APRI 
score was obtained by AST/Platelet count.[18]  The formula 
of [Age×AST(U/L)] / [Platelet count ×√ALT(U/l)][19]  and 
Prognostic Nutritional Index (PNI) (10×Albumin [g/dL])+(0.005 
xLymphocyte) were used for FIB-4 score.The SII values 
were calculated with the formula [SII=Neutrophil×Platelet/
Lymphocyte]. The assessments were made according to 
Selçuk University Medical Faculty. Hematology Laboratory 
reference values for the present study population.
Liver USI examination was made by using a convex probe 
(Frequency 3.5-5.0MHz) and the Aplio500 US device (Toshiba 
Medical Systems, Japan) by the only pediatric radiologist of 
the hospital, who had 15 years of experience, blinded to the 
purpose of the study and the laboratory values of the patients.
The degree of hepatosteatosis was classified as follows.No 
steatosis (Grade 0), Mild steatosis (Grade 1), Moderate-severe 
steatosis(Grade 2-3).[19] 

Statistical Analysis
The data were entered into the SPSS 23.0 program. In the 
comparison of the numerical parameters in the two groups, 
the Student t-test was employed in those with normal 
distribution, and the Mann-Whitney U test was used in those 
who did not. The Kruskal-Wallis test was employed to compare 
median values in groups of more than two. The ANOVA Test 
was employed to compare the numerical parameters with 
normal distribution in more than two independent groups.
Confidence intervals and odds ratios were calculated for 
hematological ratios with Binary Logistic Regression Analysis 
for MASLD development. The predictive power of indices in 
predicting disease was specificity, sensitivity, positive and 
negative predictive value, and Area Under the Curve (AUC).
The highest Youden Index([Specificity+Sensitivity]-1) was set 
as the best possible cut-off point and p<0.05 was accepted as 
the significance level in all analyses.
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RESULTS
A total of 200 patient were included in the present 
study (120 MASL patients of whom 80 were included in 
the healthy control group with Grade 0 in liver USI). 70 
(58.3%) of the patients were male, 50 (41.7%) female. In 
the healthy control group, 40 (50.0%) were male and 40 
(50.0%) were female.When the distribution according to 
gender was assessed in the patient and control groups, no 
statistically significant differences were detected (p:0.174). 
The demographic characteristics are given in Table 1.
When the hematological values were assessed, WBC, 
neutrophil, lymphocyte, platelet count, MPV, PCT, MHR, 
RPR, RLR, MPR, WMR, GPR, SII, and FIB-4 scores of the 
patients were compared, statistically significant differences 
were detected in the control and patient groups. No 
significant differences were detected between the control 
and patient groups in terms of MCV, RDW, NLR, PLR, LMR, 
HRR, PNI, NPAR, and APRI scores (Table 2).
When liver USIs were assessed, 80 (40.0%) of the patients 
were Grade 0 (Control Group), 102 (51%) were Grade 1, 
and 18 (9.0%) were Grade 2-3. When the patients’ WBC, 
neutrophil, lymphocyte, platelet, MHR, RPR, RLR, MPR, 
WMR, GPR, SII, and FIB-4 scores were compared according 

to liver grading, statistically significant differences were 
detected. However, a statistically significant difference 
was detected in Hb, monocyte count, RDW, PCT, and MPV.
No significant differences were detected between liver 
grading in terms of NLR, PLR, LMR, HRR, PNI, NPAR, and 
APRI scores (Table 3).

Table 1: The distribution of the demographic characteristics of the 
patients who participated in the study according to the patient and 
control groups

 
Patient Group Control Group

 p
n % N %

Gender
Boy 70 58.3 40 50.0

0.174
Girl 50 41.7 40 50.0

Age Group
<10 21 60.0 14 40.0

 0.87610.1-15.0 56 58.3 40 41.7
>15.1 43 62.3 26 37.7

BMI
<24.9 10 16.9 49 83.1

 <0.00125.0-29.9 37 78.7 10 21.3
>30.0 35 76.9 4 23.1

 BMI: Body Mass Index.

Table 2: The distribution of the hematological values and indices of patients according to patient and control groups

 
 

Patient Group Control Group
p

Mean±SD Median (Min-max) Mean±SD Median (Min-max)
WBC 8.29±1.98 8.16 (4.45 - 14.56) 7.15±1.88 6.85 (3.84 - 14.27) <0.001

Neutrophil 4.5±1.57 4.25 (1.52 - 10.5) 3.7±1.12 3.59 (1.69 - 6.71) <0.001

Lymphocyte 2.84±0.96 2.73 (0.36 - 7.57) 2.49±0.62 2.53 (1.19 - 4.07) 0.005

Hgb 13.99±1.38 13.8 (10.1 - 17.1) 13.69±1.27 13.6 (9.7 - 16.9) 0.131

Platelet 337.22±67.49 339.5 (171 - 502) 305.66±72.57 301 (152 - 531) <0.001

Monocyte 0.61±0.17 0.6 (0.33 - 1.07) 0.57±0.16 0.53 (0.3 - 1.07) 0.062

MCV 81.76±5.67 81.95 (59 - 92.4) 82.18±4.77 82.6 (64.2 - 93.1) 0.920

RDW 13.48±1.34 13.2 (11.6 - 19.5) 13.2±1.12 13 (11.6 - 17.8) 0.117

PCT 0.33±0.07 0.33 (0.17 - 0.5) 0.31±0.07 0.3 (0.15 - 0.49) 0.024

MPV 9.82±1.02 9.7 (6.15 - 12) 10.13±0.94 9.9 (8.6 - 13.6) 0.025

NLR 1.856±1.465 1.519 (0.527 - 10.167) 1.584±0.641 1.48 (0.577 - 3.783) 0.396

MHR 0.015±0.005 0.013 (0.006 - 0.028) 0.012±0.005 0.011 (0.006 - 0.025) <0.001

PLR 134.761±72.658 122.869 (26.42 - 744.444) 128.07±36.698 125 (63.415 - 283.673) 0.978

LMR 4.864±1.881 4.676 (0.632 - 15.771) 4.59±1.289 4.695 (2 - 7.682) 0.537

HRR 1.051±0.166 1.062 (0.564 - 1.379) 1.047±0.145 1.04 (0.567 - 1.395) 0.655

RPR 0.042±0.01 0.04 (0.027 - 0.078) 0.046±0.012 0.044 (0.027 - 0.082) 0.008

RLR 5.541±3.755 4.846 (1.77 - 37.778) 5.656±1.59 5.415 (2.948 - 10.672) 0.019

APRI Score 0.075±0.062 0.064 (0.026 - 0.503) 0.066±0.026 0.061 (0.024 - 0.16) 0.303

MPR 0.031±0.008 0.029 (0.015 - 0.057) 0.035±0.011 0.032 (0.018 - 0.078) 0.002

WMR 0.851±0.216 0.817 (0.464 - 1.512) 0.712±0.202 0.681 (0.385 - 1.586) <0.001

GPR 0.078±0.083 0.056 (0.016 - 0.587) 0.041±0.017 0.038 (0.015 - 0.088) <0.001

SII 609.425±402.946 524.669 (118.098 - 2660.62) 475.712±201.572 422.522 (172.921 - 1011.941) 0.010

PNI 46.629±3.495 47.012 (30.026 - 54.009) 46.781±2.566 47.007 (39.012 - 52.01) 0.671

FIB-4 Score 0.186±0.094 0.171 (0.041 - 0.659) 0.233±0.079 0.228 (0.083 - 0.446) <0.001

NPAR 11.66±2.89 11.32 (5.64 - 26.03) 11.21±2.57 11.16 (5.07 - 19.03) 0.486
WBC:White Blood Cell, Hgb: Hemoglobine, MCV:Mean Corpuscular Volume, RDW: Red Cell Distrubition, PCT: Platelecrit; MPV: Mean Platelet Volume, NLR: neutrophil / Lymphocyte Ratio; MHO: Monocyte/HDL 
Ratio; PLO: Platelet/ Lymphocyte Ratio; LMO: Lymphocyte Monocyte Ratio; HRO: Hemoglobin/RDW Ratio ; RPO: RDW/Platelet Ratio; RLO: RDW/ Lymphocyte Ratio; APRI: AST/PLT; MPR: MPV/Platelet Ratio; WMO: 
WBC/MPV Ratio; SII: Systemic Immune Inflammation Index
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When the ROC Analysis results of the hematological index 
values for the diagnostic value of MASLD were assessed, the 
cut-off value of the MHR Value was found to be 0.011, the 
diagnostic value was AUC 0.66 (0.583-0.746), the specificity 
was 60.80%, sensitivity was 73.50%. The positive likelihood 
ratio was calculated as 1.87.When the cut-off value of 

WMR value was taken as 0.812, the diagnostic value was 
AUC 0.699 (0624-0.744), and specificity was 77.20% with 
a sensitivity of 51.30%. The positive likelihood ratio was 
calculated as 2.25. ROC analysis results of hematological 
index values for the diagnostic value of patients with 
MASLD are given in Table 4.

Table 3: The comparison of patients’ hematological index levels according to Liver Grading
Grade 0 n:80 (%40.0) Grade 1 n:102 (%51.0) Grade 2-3 n:18 (%9.0)

p
Mean±SD Median (Min-max) Mean±SD Median (Min-max) Mean±SD Median (Min-max)

Age 12.89±2.85 13.06 (7.1 - 17.02) 13.11±3.15 13.9 (6.4 - 17.8) 13.58±2.51 14.5 (8.9 - 17.45) 0.381
BW 55.21±16.85a 53.2 (22.8 - 88.6) 79.16±21.61b 82.1 (36 - 121) 97.15±38.55c 89.75 (52.5 - 152) <0.001
BW Persentile 56.69±34.83a 62 (0.87 - 100) 97.07±6.83b 99.46 (55.57 - 100) 99.29±0.87c 99.75 (97.88 - 100) <0.001
BW SDS 0.19±1.61a 0.26 (-3.37 - 3.8) 2.61±1.26b 2.35 (-0.11 - 6.75) 3.4±1.68c 2.81 (1.57 - 7.06) <0.001
BMI 21.78±4.49a 21.12 (14.2 - 35.49) 30.22±5.32b 29.33 (21.9 - 46.49) 34.14±9.55b 31.2 (23.8 - 50.3) <0.001
BMI Persentile 59.32±34.78a 73 (1 - 100) 96.65±5.75b 99 (71 - 100) 98.63±1.36b 98.5 (96 - 100) <0.001
WBC 7.15±1.87a 6.85 (3.84 - 14.27) 8.37±2.04b 8.22 (4.45 - 14.56) 7.79±1.45a 7.56 (5.4 - 10.81) <0.001
Neutrophil 3.69±1.11a 3.59 (1.69 - 6.71) 4.58±1.59b 4.30 (1.52 - 10.5) 3.98±1.33a 3.97 (1.91 - 7.45) <0.001
Lymphocyte 2.48±0.62a 2.52 (1.19 - 4.07) 2.78±0.90a 2.66 (0.36 - 5.74) 3.17±1.2b 3.06 (1.58 - 7.57) 0.005
Monocyte 0.57±0.16 0.53 (0.3 - 1.07) 0.62±0.16 0.6 (0.33 - 1.02) 0.6±0.18 0.57 (0.38 - 1.07) 0.062
Hgb 13.69±1.27 13.6 (9.7 - 16.9) 14.04±1.4 13.9 (10.1 - 17.1) 13.63±1.21 13.55 (11.8 - 16.1) 0.070
RDW 13.19±1.12 13.0 (11.6 - 17.8) 13.52±1.42 13.2 (11.6 - 19.5) 13.26±0.77 13.1 (12.1 – 15.0) 0.083
Platelet 305.66±72.57a 301 (152 - 531) 340.18±69.8b 341 (171 - 502) 321.06±48.31a 321.5 (200 - 417) <0.001
Platelecrite 0.31±0.07 0.30 (0.15 - 0.49) 0.33±0.08 0.33 (0.17 - 0.50) 0.32±0.05 0.32 (0.22 - 0.42) 0.104
MPV 10.13±0.93 9.9 (8.6 - 13.6) 9.78±1.02 9.7 (6.15 – 12.0) 9.98±0.96 9.8 (8.6 - 11.6) 0.099
NLR 1.58±0.64 1.47 (0.58 - 3.78) 1.94±1.55 1.55 (0.53 - 10.17) 1.37±0.64 1.26 (0.59 - 3.42) 0.396
MHR 0.012±0.004a 0.010 (0.006 - 0.025) 0.014±0.005b 0.013 (0.005 - 0.027) 0.014±0.003b 0.015 (0.008 - 0.019) <0.001
PLR 128.07±36.7 125.0 (63.41 - 283.67) 138.63±76.49 128.08 (47.13-744.44) 112.82±39.84 105.30 (26.42-210.13) 0.978
LMR 4.59±1.29 4.69 (2.0 - 7.68) 4.69±1.57 4.60 (0.63 - 9.19) 5.77±2.99 5.08 (2.04 - 15.77) 0.537
HRR 1.047±0.144 1.039 (0.567 - 1.394) 1.054±0.171 1.066 (0.564 - 1.379) 1.033±0.133 1.022 (0.831 - 1.319) 0.655
RPR 0.045±0.011a 0.043 (0.026 - 0.081) 0.041±0.010b 0.039 (0.026 - 0.078) 0.042±0.007b 0.041 (0.029 - 0.067) 0.008
RLR 5.65±1.59a 5.42 (2.95 - 10.67) 5.71±4.01a 5.02 (2.25 - 37.78) 4.59±1.49b 4.39 (1.77 - 9.49) 0.019
WMR 0.711±0.202a 0.680 (0.385 - 1.585) 0.862±0.223b 0.826 (0.463 - 1.511) 0.784±0.151b 0.749 (0.533 - 1.129) <0.001
MPR 0.035±0.011a 0.032 (0.017 - 0.078) 0.030±0.008b 0.029 (0.014 - 0.056) 0.032±0.007b 0.030 (0.022 - 0.055) 0.002
GPR 0.040±0.017a 0.037 (0.015 - 0.088) 0.070±0.069b 0.051 (0.016 - 0.450) 0.116±0.133c 0.081 (0.040 - 0.586) <0.001
SII 475.71 ±201.57a 422.52 (172.92-1011.94) 635.12±417.33b 538.21 (146.29-2660.62) 451.87±251.8a 395.19 (118.1 - 1247.36) 0.010
PNI 46.78±2.56 47.01 (39.01 - 52.01) 46.73±3.62 47.01 (30.02 - 54.01) 46.03±2.66 45.16 (43.01 - 52.04) 0.671
APRI Score 0.07±0.03 0.06 (0.02 - 0.16) 0.07±0.07 0.06 (0.03 - 0.5) 0.07±0.03 0.06 (0.03 - 0.15) 0.303
FIB-4 Score 0.232±0.079a 0.227 (0.082-0.445) 0.189±0.099b 0.173 (0.041-0.659) 0.168±0.050b 0.159 (0.103-0.274) <0.001
NPAR Score 11.21±2.57 11.16 (5.07-19.81) 11.80±2.98 11.50 (5.63-26.04) 10.88±2.22 11.11 (5.68-15.31) 0.426
BW: Body Weight ; BMI; Body Mass Index; SDS: Standart Deviation Score;WBC: White Blood Cell,;Hgb: Hemoglobine; RDW: Red Cell Distrubition; MPV: Mean Platelet Volume; NLR: Neutrophil / Lymphocyte Ratio; 
MHR: Monocyte/HDL Ratio; PLR: Platelet/ Lymphocyte Ratio; LMO: Lymphocyte /Monosit Ratio; HRR: Hemoglobin/RDW Ratio; RPR: RDW/Platelet Ratio; RLR: RDW/ Lymphocyte Ratio; APRI: AST/PLT; MPR: MPV/
Platelet Ratio; WMR: WBC/MPV Ratio; GPR: Granulocyte/Platelet Ratio, SII: Systemic Immune Inflammation Index.

Table 4: The ROC analysis results of the hematological values for the diagnostic value of MASLD patients
AUC (%95 CI) Cut Off P Sensitivity (%) Spesifisity (%) +LR -LR PPV (%) NPV (%) Accuracy (%)

WBC 0.675 (0.599-0.751) 8.09 <0.001 51.67 77.50 2.30 0.62 77.50 51.67 62.00
Neutrophil 0.659 (0.583-0.735) 3.87 <0.001 61.70 67.50 1.89 0.57 74.00 54.00 64.00
Lymphocyte 0.618 (0.540-0.696) 2.60 <0.001 59.20 60.00 1.47 0.68 68.93 49.48 52.35
Platelet 0.635 (0.556-0.715) 331.50 <0.001 54.20 68.80 1.73 0.67 72.22 50.00 52.85
MHR 0.665 (0.583-0.746) 0.011 <0.001 73.50 60.80 1.87 0.43 73.95 59.72 61.49
WMR 0.699 (0624-0.744) 0.812 <0.001 51.30 77.20 2.25 0.63 77.22 51.26 61.62
RPR 0.389 (0.310-0.468) 0.056 0.008 10.83 86.30 0.79 1.03 54.17 39.20 41.00
GPR 0.755 (0.681-0.829) 0.047 <0.001 66.67 73.85 2.84 0.45 79.52 59.26 69.51
MPR 0.370 (0.292-0.449) 0.025 0.002 88.60 11.40 0.84 2.41 55.90 21.62 49.49
SII 0.608 (0.529-0.687) 415.23 <0.001 70.85 50.00 1.42 0.58 68.00 53.33 62.50
FIB-4 Score 0.306 (0.232-0.381) 0.219 <0.001 22.80 66.20 0.41 1.75 38.03 27.56 31.31
AUC: Area under the curve; 95%CI: %95 confidence interval; Cut off: cut-off value; WBC: White Blood Cell; MHR: Monocyte/HDL Ratio; WMR: WBC/MPV Ratio; RPR: RDW/Platelet Ratio; GPR: Granulocyte/Platelet 
Ratio; MPR: MPV/Platelet Ratio; SII: Systemic Immune Inflammation Index. 
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Multivariate regression analysis of the hematological indices 
was made to predict MASLD. Parameters that constituted risk 
factors in the univariate analysis were put into the models and 
3 different models were created in predicting the patients.
Nagelkerke R Square was 70.30% in Model 1 obtained by using 
BMI, WMR, GPR, SII, and MPR parameters. The specificity was 
83.3, the sensitivity was 88.0, and the accuracy was 85.9. The 
Multivariate Regression Analysis results of the Hematological 
Index values for the diagnostic value of patients with MASLD 
are given in Table 5.

DISCUSSION
MASLD is often associated with obesity, Type 2 Diabetes 
Mellitus (DM) and Metabolic Syndrome.[19-22] It is unclear 
which patients will remain with simple steatosis and which 
will progress to liver cirrhosis or have cardiovascular risk.
For this reason, novel biomarkers are needed to show the 
association with poor prognosis in MASLD. 
Studies conducted on hematological parameters are 
very few in the pediatric population. The potential role of 
hematological indices in hepatic steatosis has not been 
investigated adequately. It was argued that Platelet Index 
Values are associated with the presence, severity, and 
complications of insulin resistance closely.[23-29] Çiftçi et al 
study, MPV value was reported to be significantly lower in 
MASLD patients.[30-32] In the present study, the researchers 
detected a significantly lower MPV value in the MASLD group 

when compared to healthy controls.We attributed this to the 
small number of patients with severe fibrosis.
RDW is an indicator of deterioration during the maturation 
and differentiation of erythrocytes as a result of oxidative 
stress and chronic inflammation, and an increased RDW was 
reported in the literature in the presence of these conditions.
[33-35] The RDW value associated with advanced fibrosis in 
patients with MASLD is elevated than in other liver diseases 
and this can be employed as indicators.[36-38] In the present 
study, no statistical significance was detected between the 
patient and control group in terms of RDW.
It is already known that increased WBC is a risk factor 
independent of metabolic factors. Lee et al. reported 
a positive correlation between the WBC count and the 
prevalence of MASLD and also showed that the elevated 
WBC count increased the risk of MASLD.[39-42] In the present 
study, WBC levels were found to be significantly elevated in 
the patient group when compared to the control group. The 
WBC level was significantly elevated in Grade 1 patients when 
compared to Grade 0 patients. When ROC Analysis was made 
for WBC values and when the cut-off value was taken as 8.09, 
AUC was calculated as 0.675 (0.599-0.751), specificity 77.50%, 
and sensitivity 51.67%. When multivariate regression analysis 
was assessed to predict patients with MASLD, WBC value 
was found to be an independent risk factor, but it was not 
statistically significant in model 2. We think that WBC levels 
may be good diagnostic biomarkers for MASLD patients.

Table 5: The Multivariate Regression Analysis results of the Hematological Index Values for the diagnostic value of MASLD patients
MULTIVARIATE ANALYSIS UNIVARIATE ANALYSIS

p OR (%95 CI) -2 Log 
likelihood

Nagelkerke 
R Square Accuracy Sensitivity  Spesifity p

MODEL 1

BMI <0.001 0.694 (0.590-0.817) 84.928 0.703 85.9 88.0 83.3 <0.001 0.678 (0.598-0.769)

WMR 0.050 42.170 (1.005-1769.8) <0.001 0.030 (0.006-0.161)

GPR 0.003 1.27 (1.08-4.32) <0.001 0.758 (0.598-0.987)

SII 0.196 0.998 (0.995-1.001) <0.001 0.998 (0.997-1.00)

MPR 0.007 2.62 (1.48-4.64) 0.002 10.91 (1.10-108.18)

Constant 0.023

MODEL 2

BW SDS <0.001 0.668 (0.563-0.792) 79.036 0.727 86.7 84.7 85.8 <0.001 0.249 (0.157-0.395)

WBC 0.187 1.280 (0.887-1.847) <0.001 0.720 (0.607-0.854)

MHR 0.600 0.1 (0.01-7.51) 0.002 0.814 (0.745-0.947)

FIB-4 <0.001 9.19 (20.63-409.99) <0.001 402.040 (11.867-13621.10

GPR 0.005 0.1 (0.02-0.25) <0.001 0.758 (0.598-0.987)

Constant <0.001

MODEL 3

BMI P <0.001 0.900 (0.850-0.954) 82.651 0.707 86.6 93.3 82.5 <0.001 0.872 (0.823-0.925)

WMR 0.407 3.108 (0.213-45.41) <0.001 0.030 (0.006-0.161)

GPR <0.001 0.874 (0.812-0.954) <0.001 0.758 (0.598-0.987)

FIB-4 0.024 21.06 (3.70-119.60) <0.001 402.040 (11.867-13621.10

SII 0.072 0.997 (0.994-1.00) <0.001 0.998 (0.997-1.00)

Constant <0.001
BMI: Body Mass Index; WMR: WBC/MPV Ratio; GPR: Granulocyte/Platelet Ratio; SII: Systemic Immune Inflammation Index; MPR: MPV/Platelet Ratio; BW: Body Weight;, SDS: Standart Deviation Score; WBC: White 
Blood Cell; MHR: Monocyte/HDL Ratio ; WMR: WBC/MPV Ratio.
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Hepatocytes cause neutrophil accumulation as a result of 
oxidative stress and necrosis in the hepatic inflammatory 
process of MASLD.[43] In their study, Zhou concluded that 
neutrophil levels were elevated in the MASLD group 
compared to the control group.[44,45] In the present study, 
neutrophil and lymphocyte levels were detected to be 
significantly elevated in the MASLD patient group when 
compared to the healthy control group. Neutrophil levels 
were detected to be significantly elevated in our patients with 
Grade 1 steatosis when compared to Grade 0 patients. When 
the neutrophil and lymphocyte ROC analysis were made for 
the diagnostic value of patients with MASLD, the cut-off value 
was taken as 3.87 and 2.60, respectively, and the researchers 
detected high sensitivity and specificity. Based on the results 
of the present study, we think that neutrophil and lymphocyte 
levels can be employed together with other biomarkers in 
patients with MASLD.
The inflammatory response induces increased neutrophil and 
platelet counts with decreased lymphocyte count and makes 
their ratios a valuable tool to assess inflammatory status 
indirectly. Recently, biomarkers such as NLR, PLR, and LMR are 
employed as potential markers of inflammatory progression.
[46,47] In the present study, we couldn’t find a statistically 
significant relationship between NLR, PLR, LMR, and MASLD.
WMR was employed to predict thrombosis-related events, 
especially in cardio, cerebral, and peripheral vascular diseases.
[48,49] Few studies were conducted in the past to determine 
the relationship between WMR and MASLD, and no studies 
were conducted in children. It was shown in a previous study 
that the group with apnea and MASLD had elevated WBC/
MPV ratio values than those with MASLD alone, and the WBC/
MPV ratio was an independent risk factor for MASLD.[50] In 
our study, a statistically significant relationship was detected 
between WMR and MASLD. According to USI, although no 
significant differences were detected between patients with 
Grade 1 and Grade 2-3 in terms of WMR levels, it was detected 
to be significantly lower in patients with Grade 0. When the 
ROC analysis was made for the value of the cut-off value for 
the WMR for the diagnostic value of patients with MASLD, it 
was detected that AUC was 0.699 (0624-0.744), specificity was 
77.20%, and sensitivity was 51.30% when the cut-off value 
was taken as 0.812. WMR value, which is an independent risk 
factor in the regression analysis, was not significant in the 
multivariate analysis.
NPAR score is a biomarker that can be employed as an 
indicator of systemic inflammation.[51,52] Few studies assessed 
the predictive value of the NPAR score in MASLD or advanced 
liver fibrosis.[53] No association was detected between patients 
with MASLD and healthy controls in our study. 
Recently, RPR is used as the preferred biomarker in various 
diseases with its ease of measurement and affordable cost, 
and it was employed to predict the severity of fibrosis in 
MASLD patients.[54] When ROC analysis was used for the RPR 
value for the diagnostic value of patients with MASLD when 

the cut-off value was determined as 0.056, it was determined 
that AUC was 0.389 (0.310-0.468), specificity was 86.30%, 
sensitivity was 10.83%. We think that it can be a good 
biomarker in predicting MASLD.
Considering the proinflammatory characteristics of 
monocytes and the anti-inflammatory characteristics of 
HDL-C, MHR was considered a novel systemic inflammatory 
marker.[55,56] It is not known whether MHR is associated 
with MASLD. Adult studies were conducted and there is 
no literature investigating the orrelation in children. In the 
present study, the researchers assessed whether the MHR 
value would be a good biomarker for predicting MASLD in 
pediatric patients. In a retrospective study, it was shown that 
there was a significant positive correlation between MHR and 
age, ALT, and HOMA-IR values.[57-59] The researchers found 
that the MHR levels were elevated in patients with MASLD 
compared to healthy controls. When ROC analysis was made 
for the MHR value to further investigate the diagnostic value 
of patients with MASLD when the cut-off value was taken 
as 0.011, it was detected that AUC was 0.665 (0.583-0.746), 
specificity was 60.80%, and sensitivity was 73.50%. However, 
although the MHO value was an independent risk factor in 
the univariate regression analysis, it was not significant in 
the multivariate analysis. In particular, we predict that each 
unit increase in the MHR value will cause an increased risk of 
MASLD by 1.87 times. We think that it can be used as a good 
biomarker to predict MASLD and its prognosis.
No study was detected in the literature investigating the 
relationship between SII and MASLD in children. In our 
study, it was detected that there were elevated levels of SII in 
patients with MASLD than in healthy controls. According to 
liver USI, SII levels were detected to be significantly elevated 
in patients with Grade 1 when compared to Grade 0 patients.
To investigate the diagnostic value of patients with MASLD, 
the cut-off value for the SII value was 415 in the ROC analysis. 
To investigate the diagnostic value of patients with MASLD, 
when the cut-off value for the SII value was taken as 415.23 
in the ROC analysis, the AUC was 0.608 (0.529-0.687), the 
specificity was 60.80%, and the sensitivity was 70.85%. In 
particular, it was determined that each unit increase in the 
SII value causes a 1.42-fold increase in the risk of MASLD.
However, while the SII value was an independent risk factor 
in univariate regression analysis, it was not significant in 
multivariate analysis. We think that the SII value can be 
used as a good biomarker to predict MASLD and predict its 
prognosis.
Assessing the extent of liver fibrosis in MASLD patients 
accurately is crucial for prognosis and clinical decision-
making.[60] Although biopsy is the accepted gold standard, 
its use is limited because of its invasiveness and difficulty in 
reproducing fibrosis monitoring. Because of these limitations, 
non-invasive tools were developed for use in the staging 
and follow-up of MASLD and liver fibrosis.[61] Biomarkers not 
only identify patients with MASLD noninvasively but also 



1030Meltem GÜMÜŞ, Childhood Metabolic Dysfunction Associated Steatotic Liver Disease

contribute to assessing the severity of Steatohepatitis and 
fibrosis. In the present study, the researchers employed the 
GPR, APRI, and FIB-4 scoring systems employed for fibrosis 
scoring to predict MASLD.
In his study, Lemoine suggested the ratio of GPR, which has 
higher diagnostic performance than AST, which can routinely 
identify patients with fibrosis.[62,63] There is no study in the 
literature investigating the relationship between MASLD and 
GPR in predicting and predicting prognosis. In our study, we 
found the GPR level to be higher in patients with MASLD 
than in healthy controls. When the GPR levels were examined 
according to the liver grading, we found that the GPR level 
increased positively as the grade increased and it was 
statistically significant. To investigate the diagnostic value of 
patients with MASLD, ROC analysis was performed for the 
GPO value. When the cut-off value was taken as 0.047, the 
researchers found an AUC of 0.755 (0.681-0.829), specificity 
of 60.80%, and sensitivity of 66.67%. We predict that each 
unit increase in the GPR value will cause a 2.84-fold increase 
in the risk of MASLD. GPR value, which is an independent risk 
factor in univariate regression analysis to predict patients 
with MASLD, attracted our attention as a good biomarker in 
multivariate analysis.
After the APRI score was defined by Wai et al. its usability 
and suitability in various CHD were evaluated.[64] In the 
study conducted by Kruger et al. more positive results were 
obtained in the APRI score of patients with biopsy-diagnosed 
MASLD compared to other parameters. When the cut-off 
value for APRI was taken above 1.5, the AUROC value was 0.85, 
with 86% specificity, and 75% sensitivity.[65] In the present 
study, no significant differences were detected between the 
patient and healthy control groups in terms of APRI score.
The FIB-4 score, which was defined to assess the degree of 
fibrosis, was compared with other scoring systems in a study 
that included 576 patients who were diagnosed with MASLD 
by biopsy in 2012, and it was shown that FIB-4 detected more 
advanced fibrosis patients with 91% than other formulas.[66,67] 
In the present study, the researchers detected that MASLD 
patients had a lower FIB-4 score level than healthy controls. ROC 
analysis was made to predict patients. When the FIB-4 cut-off 
value was taken as 0.219, the researchers detected AUC 0.306 
(0.232-0.381) with a specificity of 66.20% and sensitivity of 
22.80%. Although the FIB-4 score was an independent risk factor 
in univariate regression analysis, it also contributed significantly 
to multivariate analysis. We think that it can be employed as a 
good biomarker to predict MASLD and predict prognosis.
There were several limitations in the present study. The study 
included a limited number of patients in one single healthcare 
center, and the diagnosis of MASLD was made by guided USI, 
and most of the patients did not have biopsy data. Because 
of the cross-sectional fashion of this retrospective study, 
the researchers were unable to identify causal relationships 
or long-term clinical outcomes. Prospective studies with a 
longer follow-up period are needed to confirm the results.

CONCLUSION
MASLD is a common disease has become an important 
healthcare concern. An effective monitoring indicator is 
urgently needed for early detection of MASLD. We think that 
using hematological biomarkers will be beneficial for the 
simple and rapid detection of suspected patients. 
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