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ABSTRACT 

	Aims: Inadequate intake of macronutrients and micronutrients is associated with the incidence of stunting. Apart from affecting linear growth, inadequate nutritional intake also affects erythropoiesis, which can cause anemia. Lack of micronutrients such as zinc can also affect a child's immunity, hence increasing the risk of infection. This research aims to understand the hematological features of stunting and non-stunting in Babakan Mandang, Gunung Pancar, Sentul.
Study design: The research method used is an observational case-control analytical study with a cross-sectional approach. Analysis of the data obtained used an Independent T-Test. 
Place and Duration of Study: Research located in Babakan Mandang, Gunung Pancar, Sentul, West Java, between June and December 2023. 
Methodology: Observational case-control analytical research with a cross-sectional design. The sampling method employed is non-probability sampling, specifically quota sampling. The total sample in this study was 42 samples, with each group consisting of 21 samples.
Results: There was a significant average difference between stunting and non-stunting; hemoglobin levels (P =.004), hematocrit levels (P = .003). But the average levels of MCV, MCH, and leukocyte count in the two study groups showed no significant differences. In both study groups, MCV levels decreased, but the lowest amount of MCV in stunting children (51,3 fL) is lower than the lowest amount of MCV in non-stunting children (56,7 fL). The average amount of MCV in children stunting was 67,3 fL and in non-stunting was 68,5 fL. Meanwhile, the average MCH levels in children with stunted growth were 23.1 pg, and in those without stunted growth, they were 24.2 pg. The average number of leukocytes in children who suffer stunting is 10,3 103/uL and in non-stunting is 12,4 103/uL
Conclusion: Stunted toddlers had lower average hemoglobin, hematocrit, MCV, and MCH levels than non-stunted toddlers, but a larger average number of leukocytes
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1. INTRODUCTION 

[1.1.	Research Background 
Stunting is a form of malnutrition that is a global health problem among children, especially in developing countries like Indonesia. Stunting affects children's physical and cognitive development with long-term effects in the form of sub-optimal learning abilities and increased risk of degenerative diseases. Globally, the number of children experiencing stunting reached 148.1 million or 22.3% in 2022. Almost all children experiencing stunting live in developing countries, especially in Asia and Africa. Based on the results of the Indonesian Nutritional Status Survey (SSGI) in 2022, the prevalence of stunting in Indonesia was at 21.6% and the government is trying to reduce the prevalence rate to 14% in 2024 (Yadika, 2021; WHO, 2023; Badan Kebijakan Pembangunan Kesehatan, 2022). 
The occurrence of short toddlers or stunting is a condition of chronic malnutrition where toddlers have a height that is less than the height of children of the same age. Based on the WHO child growth standards, this condition is measured by height or length according to age (H/A or W/A) ≤ -2 SD. Chronic malnutrition experienced by stunted children is related to a lack of macronutrient intake in the form of protein, carbohydrates, and fat, while micronutrients in the form of zinc, calcium, vitamin D, iron, and others. Therefore, the possibility of stunted toddlers experiencing anemia is higher compared to toddlers who are not stunted (Alderman, 20211; Ikhsan, 2019). 
Iron deficiency anemia is one of the most common types of anemia in the world. This disease will reduce the production of erythrocytes and cause a person's cognitive function deficit. If stunting and anemia occur simultaneously in a child, the effects will be worse than if only one of these conditions is affected. In addition to anemia, stunted children are also susceptible to infection due to zinc deficiency, which can interfere with the child's immune response. Thus, a hematology examination is needed for initial screening to confirm this condition (Utami, 2023; Sanatang, 2012).  
Based on this background, the researcher is interested in taking the title "Hematology Description in Stunting and Non-Stunting Toddlers in Lokus Gunung Pancar Sentul Village". This study was conducted to determine the differences in hemoglobin, hematocrit, MCV, MCH, and leukocyte counts in stunted and non-stunted toddlers to take preventive measures through toddler nutrient intake, considering that the long-term effects caused by this condition can affect the socio-economic life of patients, families, and the country 

1.2.	Literature Review
Toddlers in urban poverty clusters were more likely to be stunted than those in urban non-poor clusters.  In half of the nations analyzed, toddlers in impoverished urban clusters were more likely to have mild anemia. Toddlers in urban non-poor clusters are less likely to have severe anemia.  In an 11-country DHS analysis, researchers discovered that child stunting is equally prevalent in urban and rural settings, regardless of socioeconomic class (SES) (Dessie, 2021) 
Childhood stunting is a major public health issue in Indonesia, with slow progress towards eliminating under-nutrition over the previous decade.  From 1997 to 2007, the Indonesia Family Life Survey found a 10.1% reduction in stunting among toddlers under the age of five in Indonesia, decreasing from 46.8% to 36.7%.  In 2007, the Basic Health Research Survey found that 36.8% of Indonesian toddlers under the age of 5 were stunted; these survey results are consistent with this.  According to 2013 data from the Basic Health Research Survey, the proportion of stunted children in Indonesia has reached 37.2% (Sartike et al, 2021). Sartika et all found that 20.8% of the 559 children studied were stunted.  When low birth weight (LBW) was used as a predictor for stunting, children who weighed less than 2.500 g at birth experienced diarrhea within 2 weeks, and as infants aged 9-11 months, they received insufficient basic immunizations.  Without LBW, children with preterm birth, short maternal stature, and insufficient basic vaccination coverage for babies aged 9-11 months were more likely to experience stunting (Sartika et al, 2021). 
Stunting and anemia are common health issues in underdeveloped nations.  Anaemia occurs when the body's oxygen-carrying ability and red blood cell count are insufficient to meet its physiological needs.  Anaemia in stunted children is typically caused by an iron deficit.  Children under five are especially prone to anemia and stunting, posing a significant burden for individuals and the country.  Long-term consequences, such as poor nutrition, can negatively damage children's growth and adulthood.  Adults who were stunted as children may have lower productivity, education, and knowledge, leading to an 8% loss in Indonesia's economic growth. Laboratory tests such as haematology, serum iron, and ferritin are essential for identifying and treating anaemia in stunted children.  The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are inflammatory markers.  Inflammation has already been identified as a crucial component.  
Malnutrition, inflammation, and atherosclerosis can lead to calcification syndrome.  Severe acute malnutrition can lead to haematological abnormalities such as elevated platelets, neutrophils, and reduced lymphocyte counts.  The Indonesian Association of Clinical Pathology Specialists (PDS PatKLin) recognized the need to do laboratory testing for stunted children to detect illnesses.  Stunted children may have underlying or concomitant disorders, which can be detected with haematological screening and inflammatory indicators. (Budiailmiawan, 2024).  This study aims to analyze the hematological profile of stunted and non-stunted toddlers in the Lokus Gunung Pancar Sentul village

2. Materials and methods 

[This study is included in the type of observational case control analytical research with a cross-sectional design, located in Babakan Mandang Gunung Pancar, Sentul, West Java. The research instrument uses primary data obtained from the results of anthropometric (based on WHO-Anthro) and hematological examinations. The sampling method employed is non-probability sampling, specifically quota sampling. The total sample size in this study was 42, with each group comprising 21 samples. Ethical Clearance no. 004/Etik Penelitian/FKUKI/2023. Data processing was carried out using the SPSS program. Data analysis used comparative analysis. The variables to be studied include: Hemoglobin, Hematocrit, MCV, MCH, and Leukocytes. 

2.1 HEMATOLOGY ANALYSIS

.   The Sysmex XN-350 principle is based on fluorescence flow cytometry, hydrodynamic focusing, and a cyanide-free SLS hemoglobin method to provide a 6-part white blood cell differential. Blood cells are stained with a fluoroc reagent and then analyzed in a fluid stream, where forward scattered light, side scattered light, and side fluorescent light are detected to differentiate and count various cell types. For red blood cell and platelet counting, hydrodynamic focusing is used to minimize coincidence and recount errors, while hemoglobin is determined by the cyanide-free SLS method.

Fluorescence Flow Cytometry:
Specific reagents, including fluoroc reagent, are used to stain cells. 
Cells pass through a laser beam one by one, generating signals based on their physical and biochemical properties. The analyzer detects forward scattered light (FSC), side scattered light (SSC), and side fluorescent light (SFL). These signals are converted into electrical impulses, and an original algorithm is used to analyze them on a multi-dimensional scattergram, allowing for the differentiation and counting of cell populations. 
Hydrodynamic Focusing:
This method is used for counting and measuring red blood cells and platelets. Blood cells are aligned in a single file using a fluid stream before passing through a narrow aperture. This technique minimizes the coincidence and recount of cells, leading to more accurate measurements. 
Cyanide-Free SLS Hemoglobin Method:
This method is used to determine hemoglobin concentration without the use of toxic reagents or special oxidizing agents. Sodium Lauryl Sulfate (SLS) is used to lyse red blood cells and release hemoglobin. The concentration of hemoglobin is then measured using a colorimetric measurement.]  

3. results and discussion

[3.1.	Subject characteristics
This study consisted of 42 subjects who met the inclusion criteria. The sample in this study was then divided into two groups, namely, 21 samples of stunted toddlers and 21 samples of non-stunted toddlers. The number of research subjects based on gender did not differ much between the two groups of research subjects. Data showed that stunted toddlers are more common in girls (57.2%) than boys (42.8%) compared with non-stunting, girls (52.4%) and boys (47.6%). Based on research by Rahayu et al., gender is not related to the incidence of stunting because there has been no difference in the achievement of children's growth (Rahayu, 2020). 
3.2      Subject’s hemoglobin characteristics
Anemia was reported in as many as seven (33.4%) of the stunted toddler group, whereas three (14.3%) of the non-stunted toddler group encountered anemia.  With this percentage, Table 1, stunted toddlers have a higher incidence of anemia than non-stunted toddlers.  This remark is consistent with the studies of Losong et al., who found that stunted toddlers are more likely to acquire anemia than non-stunted toddlers (Losong, 2017). Based on the overall average hemoglobin levels of stunted toddlers, 10.8 g/dL, and non-stunting, 12.1 g/dL. From these data, it can be seen that hemoglobin levels in stunted toddlers are lower than non-stunted toddlers, in line with the research of Chowdhury et al, which stated that hemoglobin levels in stunted children are lower than children with normal stature (non-stunting). This is reinforced by the results of statistical tests, which show a significant difference between the average hemoglobin levels of stunted and non-stunted toddlers. Low hemoglobin levels can be caused by several factors, including low intake of nutrients, especially iron, low iron reserves in the body, recurrent infections, and bleeding (Chowdhury, 2013).   



Table 1. Subject’s Hemoglobin characteristic
	[bookmark: _Hlk161290171]Subjects Group
	Hemoglobin level
	 n
	%
	Average
	 P-value

	Stunting
	Low
	7
	33,4
	   10,8 g/dL
	P = ,004

	
	Normal
	14
	66,6
	
	

	Non-Stunting
	Low
	3
	14,3
	  12,1 g/dL
	

	
	Normal
	18
	85,7

	
	

	Total
	
	42
	100
	
	



3.3      Subject’s hematocrit characteristics
Hemoglobin and hematocrit levels have long been used to determine an individual's iron status.  If nutrition, particularly iron, is not correctly provided, the child's condition will deteriorate and produce bodily diseases with both short- and long-term consequences.  Table 2 demonstrates that the average hematocrit value in stunted toddlers is lower than that of non-stunted toddlers.  In addition, statistical testing revealed a substantial difference in the hematocrit levels of stunted and non-stunted toddlers.  This is consistent with study undertaken by Fadhilah et al, which found that stunted children had lower hematocrit levels than non-stunted children (Fadhilah, 2022).
Table 2. Subject’s Hematocrit level
	Subjects Group
	Hematocrit Level
	n
	 %
	Average
	P-value

	Stunting
	Low
	5
	23,8
	31,6 %
	P = ,003

	
	Normal
	16
	76,2
	
	

	Non-Stunting
	Low
	2
	9,5
	34,3%
	

	
	Normal
	19
	90,5
	
	

	Total
	
	42
	100
	
	



The mean MCV levels declined in both study groups, but stunted toddlers had a lower mean than non-stunted toddlers.  The results of statistical testing revealed no significant difference between the mean MCV levels in the two research groups.   The decline in MCV levels in both research groups is most likely due to the pathophysiology of iron-deficient anemia, which involves numerous stages.  In the early stages, there are no symptoms, although the iron supply to the bone marrow is diminished.  Serum ferritin levels will fall due to increased iron absorption by the intestinal mucosa; in response, the liver will produce more transferrin, increasing TIBC.  Then, in the second stage, the provision of iron for erythropoiesis declines, causing abnormalities in the shape of erythrocytes, resulting in smaller erythrocytes and lower MCV levels (Fitriany, 2018).
3.4      Subject’s MHC and MCV characteristics
The average MCH levels in both groups of research subjects were not much different, namely the stunting group 23.1 pg and the non-stunting group 24.2 pg. This is different from the results of the study by Purnami et al (Purnamim, 2023). which stated that MCH levels in stunted children decreased. This difference occurs due to differences in the criteria for research subjects. The research subjects in this study were compared between the stunting and non-stunting groups, while in Purnami's study, there were many groups of stunted children.  Based on the results of decreased hemoglobin levels followed by decreased hematocrit, MCV, and MCH it indicates the possibility that the subject is classified as having hypochromic microcytic anemia. Types of hypochromic microcytic anemia are iron deficiency anemia, chronic disease, thalassemia, and sideroblastic anemia. The most common anemia in developing countries, such as Indonesia, is iron deficiency anemia. This occurs due to insufficient nutritional intake, especially iron, in the blood, which inhibits the formation of erythrocytes which resulting in a lack of hemoglobin. The characteristics of iron deficiency anemia are low MCV, MCH, MCHC, serum iron, serum ferritin, and increased TIBC and RDW levels (Ashorobi, 2023). Therefore, further examination is needed for a definite diagnosis of anemia being experienced by these toddlers.
3.5      Subject’s leukocytosis characteristics
Leukocytosis is more common in non-stunted toddlers than in stunted toddlers, according to Table 3.  This can develop as a result of poor sanitation, making toddlers more susceptible to infection and stimulating the immunological response to fight the infection.  If the infection is not treated effectively, it can result in chronic illness and anemia.  Furthermore, stunting can occur in children with this illness because the infection can deplete the nutrients required for the process of repairing damaged tissue or cells.  In our WASH study, it was found that the weakness of the subjects in Babakan Mandang Sentul was in the aspect of waste and garbage management, which was still relatively minimal (Nia, 2025). This finding is consistent with those of Sumartini et al. (Sumartini, 2022), who found that infectious disorders in toddlers increase the likelihood of stunting by 3 to 8 times compared to toddlers without a history of infections.
Table 3. Subjects’ leukocytosis characteristics
	Subjects Group
	Leukocytosis level
	n
	%
	Average
	P-value 

	Stunting
	Normal
	19
	90,5
	10,3 103/uL
	P = ,080

	
	High
	2
	9,5
	
	

	Non-Stunting
	Normal
	15
	71,4
	12,4 103/uL
	

	
	High 
	6
	28,6
	
	

	Total
	
	42
	100
	
	


]  

4. Conclusion

Stunted toddlers had lower average hemoglobin, hematocrit, MCV, and MCH levels than non-stunted toddlers, but a larger average number of leukocytes.  Significant variations were found in hemoglobin and hematocrit, but not in average MCV, MCH, or leukocytes.
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