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Abstract
BACKGROUND
Anemia in infants and young children can have long-term effects on cognitive and physical development. In Ma'anshan City, China, there has been growing concern about the prevalence of anemia among children aged 6 to 36 mo. Understanding the factors influencing this condition is crucial for targeted interventions and improving overall child health in the region.

AIM
To analyze the anemia status and influencing factors of infants and young children aged 6 to 36 mo in Ma'anshan City, China. Providing scientific evidence for reducing the incidence of anemia and improving the health level of children in this age group.

METHODS
The study encompassed 37698 infants and young children, aged from 6 to 36 mo, who underwent health examinations at the Ma'anshan Maternal and Child Health Hospital from January 2018 to October 2022 were included in the study. Basic information, physical examination, and hemoglobin detection data were collected. Descriptive analysis was used to analyze the prevalence of anemia in children in the region, and univariate analysis was used to analyze the influencing factors of anemia.

RESULTS
The mean hemoglobin level of infants and young children aged 9 to 36 mo increased with age, and the anemia detection rate decreased with age. The anemia detection rate in rural infants aged 6, 9, and 12 mo was higher than that in urban infants. Although the anemia detection rate was higher in 6-mo-old boys than girls, it was higher in 24-mo-old girls than boys. There were statistically significant differences in the anemia detection rates among 9-mo-old and 12-mo-old infants with different nutritional statuses (emaciation, overweight, obese, and normal). Moreover, there were no statistically significant differences in anemia detection rates among infants and young children with different nutritional statuses at other ages. Besides, the anemia detection rates in obese infants aged 9 and 12 mo were higher than those in normal and overweight infants, with statistically significant differences. Finally, there were no statistically significant differences in the anemia detection rates between emaciation infants and those with other nutritional statuses.

CONCLUSION
The anemia situation among infants and young children aged 6 to 36 mo in Ma'anshan City, China, is relatively prominent and influenced by various factors. Our result shown that attention should be paid to the anemic infant and young child population, with strengthened education and targeted prevention and dietary guidance to help them establish good living habits, improve nutritional status, and reduce the occurrence of anemia to improve children's health levels.
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[bookmark: OLE_LINK594]Core Tip: In Ma'anshan City, China, anemia is notably prevalent among infants and young children aged 6 to 36 mo, with its incidence influenced by age, urban-rural differences, gender, and nutritional status. Particularly, rural infants and those with certain nutritional statuses, such as obesity, show higher anemia detection rates. To enhance children's health, it's imperative to focus on this vulnerable group, offering them specialized education, dietary guidance, and preventive measures to foster healthy living habits and better nutritional outcomes.



INTRODUCTION
Anemia is a serious global public health issue, affecting approximately one-third of the world's population[1,2]. Children, particularly those under five years of age, are among the high-risk groups for developing anemia. Statistics from 2011 indicate that nearly 43% of children under five were affected by anemia, translating to an alarming estimate of 273 million children globally grappling with this condition[3]. In China, according to the Outline of China's Food and Nutrition Development by the State Council Office, the prevalence of anemia among 2-3-year-old children is in a plateau phase, gradually decreasing after the age of three and continuing to decline until adolescence, which is consistent with international reports[4]. For infants and young children, anemia has irreversible adverse effects on growth and development[1], and is associated with impaired psychomotor development, cognitive dysfunction, and reduced physical activity[5-8]. It not only affects the growth and development of children, but can also cause varying degrees of damage to their intelligence, personality, and immune function[9]. 
In recent years, China has prioritized the prevention and control of anemia in children, but the prevalence remains high, and there are significant differences in the detection rates of anemia among children of different ages and regions. Therefore, analyzing regional data on childhood anemia and implementing effective targeted intervention measures are urgently needed. Our study investigates and analyzes the current status and influencing factors of anemia among infants and young children aged 6 to 36 mo in Ma'anshan City, China, providing reference materials for reducing the incidence of anemia and improving the health level of children in this age group in the region and has significant guiding implications.

MATERIALS AND METHODS
Study subjects
The study included a total of 37698 infants and young children aged 6 to 36 mo who received health examinations at the Ma'anshan Maternal and Child Health Hospital between January 2018 and October 2022, with the consent and active cooperation of the children's guardians in the data collection process. Our study subjects included 19669 boys and 18029 girls, with a male to female ratio of 1.09:1. These children underwent health examinations at the Ma'anshan Maternal and Child Health Hospital by month of age, with 29291 6-mo-old infants, 7105 9-mo-old infants, 17374 12-mo-old infants, 14799 24-mo-old children, and 5839 36-mo-old children.
Inclusion criteria: All 37698 cases were diagnosed as infant and young child anemia by physicians at the Ma'anshan Maternal and Child Health Hospital and had informed consent forms signed by their immediate relatives. Those with severe abnormalities in the functions of the heart, liver, kidney, lung, or other organ systems were excluded from the analysis. This study was approved by the Ethics Committee of the Ma'anshan Maternal and Child Health Hospital.

Research methods
Physical measurement method: Height measurement: A horizontal height measuring instrument was used for children aged 6 to 24 mo, and a vertical height measuring instrument was used for children aged > 24 mo and ≤ 36 mo. The children were required to look straight ahead, with their heels, waist, shoulder blades, and occiput fully in contact with the measuring device, and the distance from the top of their head to the bottom of their feet was recorded. 
Weight measurement: A regular electronic scale was used, and the children were required to remove their outer clothes, pants, and socks before measuring.

Nutritional status determination: Height and weight were compared according to the "Chinese Growth Standards for Children Under 7 Years Old WS/T 423-2022". "Emaciation" and "severe emaciation" were combined into emaciation (height/length-for-weight below -2SD), normal (height/length-for-weight above -2SD and < +1SD), overweight (height/length-for-weight above +1SD and < +2SD), and "obesity" and "severe obesity" were combined into obesity (height/length-for-weight above +2SD).

Specimen collection and laboratory testing: 0.1 mL of peripheral blood was collected for hemoglobin detection, and the hemoglobin detector was a Mindray BC-7500 CRP fully automatic blood analyzer (China Mindray Medical Company).

Anemia determination: Hemoglobin levels were diagnosed according to the World Health Organization (WHO) criteria for childhood anemia: < 110g/L was considered anemia[10].

Quality control
Physicians who carried out physical measurements and examinations were uniformly trained and used hospital-issued standardized physical measurement tools. Measurement standards were unified.

Statistical analysis
Data entry and organization were performed using Excel, and data analysis was conducted using SPSS 21.0. Quantitative data comparisons were made using analysis of variance, while qualitative data comparisons were made using the χ2 test. A P value < 0.05 was considered statistically significant.

RESULTS
[bookmark: OLE_LINK526]Mean hemoglobin levels
[bookmark: OLE_LINK527][bookmark: OLE_LINK530][bookmark: OLE_LINK528]Mean hemoglobin levels for different age groups: As is shown in Table 1, there were significant differences in the mean hemoglobin levels among the different age groups, and the differences were statistically significant (χ2 = 2004.658, P < 0.001). From 9 to 36 mo, the mean hemoglobin levels showed an increasing trend with age.

[bookmark: OLE_LINK502][bookmark: OLE_LINK529]Mean hemoglobin levels for different genders in each age group: As is shown in Table 2, at 12 mo, the mean hemoglobin level for boys was 121.61 ± 10.56 g/L, and for girls it was 121.05 ± 10.06 g/L. The difference in mean hemoglobin levels between boys and girls at 12 mo was statistically significant (t = 3.583, P < 0.001), while the differences in mean hemoglobin levels between genders in other age groups were not statistically significant. 

Anemia detection
Anemia detection rate in different age groups, genders, and regions: As is shown in Table 3, among 6-mo-olds, 3862 cases of anemia were detected, with a detection rate of 13.2%. Among 9-mo-olds, 1389 cases of anemia were detected, with a detection rate of 19.5%. Among 12-mo-olds, 1690 cases of anemia were detected, with a detection rate of 9.7%. Among 24-mo-olds, 372 cases of anemia were detected, with a detection rate of 2.5%. And among 36-mo-olds, 129 cases of anemia were detected, with a detection rate of 2.2%. There were significant differences in the anemia detection rates among different age groups (χ2 = 2366.51, P < 0.001), with the detection rate decreasing as age increased from 9 mo to 36 mo. 
As is shown in Table 4, anemia detection rates were higher in rural children aged 6, 9, and 12 mo compared to urban children, and the differences were statistically significant. The detection rate differences between urban and rural areas in other age groups were not statistically significant. The anemia detection rate was higher in 6-mo-old boys than girls, and higher in 24-mo-old girls than boys, with statistically significant differences. In other age groups, the differences in anemia detection rates between genders were not statistically significant.

[bookmark: OLE_LINK503]Anemia detection rates in different nutritional statuses at various ages: As is shown in Table 5, among 9-mo-old and 12-mo-old infants, the anemia detection rates in different nutritional statuses (emaciation, overweight, obese, and normal) showed statistically significant differences. In other age groups, there were no statistically significant differences in anemia detection rates among infants and young children with different nutritional statuses.
The overall mean values of the four groups of data for 9-mo-old infants showed statistical differences (χ2 = 16.882, P = 0.001), and the overall mean values of the four groups of data for 12-mo-old infants also showed statistical differences (χ2 = 15.383, P = 0.002). Both 9-mo-old and 12-mo-old obese infants had higher anemia detection rates than normal-weight and overweight infants, with statistically significant differences. There were no statistically significant differences in anemia detection rates between emaciation infants and infants with other nutritional statuses. 

DISCUSSION
Anemia is one of the most severe global public health problems in the 21st century. Alarmingly, children have consistently been the population with the highest prevalence of anemia worldwide[11]. Specifically, the prevalence of anemia in children aged 6-59 mo is as high as 40% or more[3], and infants aged 6-24 mo are also at high risk for anemia[12]. Furthermore, anemia has varying degrees of impact on children's immune function, growth and development, motor and cognitive function development, among other aspects[13-16]. Recent literature also suggests that there is a positive correlation between anemia and autism spectrum disorder, attention deficit hyperactivity disorder, and learning disabilities[17].
The WHO has proposed a public health classification standard for anemia prevalence in populations: A detection rate of ≥ 40% is considered a severe public health issue; rates between 20.0% and 39.9% signify a moderate public health concern; rates ranging from 5.0% to 19.9% indicate a mild public health concern; a rate of ≤ 4.9% falls within the normal prevalence range[10]. Our study conducted from 2018 to 2022, included a total of 37,698 infants and toddlers aged 6 to 36 mo, revealing the anemia detection rate and average hemoglobin levels for infants and toddlers aged 6 to 36 mo in the Ma'anshan region from 2018 to 2022. During this period, anemia in infants aged 6 to 12 mo in the area was considered a mild public health issue (anemia detection rate at 13.2% for 6-mo-olds, 19.5% for 9-mo-olds, and 9.7% for 12-m-olds), higher than the anemia prevalence rates found in the Baiyun District of Guangzhou (8.07%), Xicheng District of Beijing (5.99%), and Baoshan District of Shanghai (8.83%) for infants and toddlers aged 6 to 24 mo, as retrieved from the CNKI (National Knowledge Infrastructure). Notably, these prevalence rates are markedly lower than those observed in Huaihua City, Hunan Province (29.73%), the Inner Mongolia Autonomous Region (33.28%), and Gansu Province (25.69%). For the age group of 24 to 36 mo, anemia levels were comfortably within the standard range, with detection rates of 2.5% at 24 mo and 2.2% at 36 mo. These figures are also below those of neighboring cities in Anhui Province, such as Wuhu City (3.19%) and Hefei City (3.84%).
Hemoglobin is a protein in red blood cells responsible for carrying oxygen from the lungs to various parts of the body and transporting carbon dioxide back to the lungs for exhalation[18]. Hemoglobin content is an important indicator of the body's oxygen transport capacity[19]. Our findings indicated that as children age from 9 to 36 mo, their average hemoglobin levels tend to rise. This trend could be attributed to the fluctuations in hormone levels and growth factors inherent to child development. Specifically, erythropoietin - a hormone instrumental in fostering the production and maturation of red blood cells - might experience variations in its secretion levels as children grow, subsequently influencing hemoglobin concentrations[20,21]. The period from 9 to 36 mo is when children experience the fastest growth, tripling their size at birth[22], indicating an increased need for iron[23,24]. Our results also found that there is a statistically significant difference in the average hemoglobin levels between 12-mo-old boys and girls, which may be due to differences in growth rates. It has been found that in many families, girls are given less food than boys, overlooking the fact that girls develop nearly two years earlier than boys. Nutritional deficiencies are also a major cause of significant differences in hemoglobin levels between 12-mo-old boys and girls[25]. The lack of significant gender differences in hemoglobin levels at other ages may be related to the gradual development of the brain and the improvement of girls' active eating abilities.
Furthermore, our research identified that within the Ma'anshan region, the peak anemia detection rate was observed in infants aged 6 to 9 mo, reaching a significant 19.5%. Beyond this age bracket, specifically from 9 to 36 mo, there's a discernible decline in the anemia detection rate. For infants between 6 to 12 mo, anemia remains categorized as a mild public health concern. Delving into the CNKI database, we discerned that in a multi-center Chinese study examining the prevalence and temporal trends of anemia in infants and toddlers aged 6 to 23 mo, the highest prevalence of anemia was pinpointed in the 6 to 11 mo age group, with a subsequent decline as age advanced. This pattern aligns with findings from studies undertaken in seven Chinese cities, two towns, and Shanghai. Analogous trends have been documented in numerous other countries as well[26,27]. The period from 6 to 9 mo is critical for introducing complementary foods, and the high prevalence of anemia may be related to improper or unsuccessful addition of complementary foods, failure to timely supplement iron-fortified foods and red meat, infants' maladaptation to complementary foods, and the inability of dairy foods to meet growth and development needs, or due to religious or economic reasons[28,29]. It is necessary to strengthen nutrition education and guidance for infants, especially those aged 6 to 9 mo, to reduce the incidence of anemia.
Moreover, the anemia detection rate for 6-mo-old boys was higher than that for girls, while at 24 mo, girls had a higher rate than boys, with statistically significant differences. However, there were no statistically significant differences in anemia detection rates between different genders at other ages. 
In contrast to data from CNKI, our findings diverge from studies on childhood anemia reported in regions like Beijing, Henan, and Shanghai, as well as from the most recent benchmarks set by the Chinese health system. It's imperative to highlight that the rate of anemia detection might be influenced by regional disparities. Specifically, unique risk factors associated with left-behind children play a role. For instance, a diminished family income can result in reduced nutritional intake. Additionally, the underdeveloped chewing and digestive capabilities of young children limit the variety of foods they can effectively digest. This leads to a restricted intake of essential micronutrients, potentially culminating in anemia[30-33].
In the Ma'anshan region, the anemia detection rate for infants and toddlers aged 6 to 36 mo was highest in rural populations at 24.0% and urban populations at 14.2%, both peaking in 9-mo-old infants. This may be related to the improper or unsuccessful addition of complementary foods at this age, as well as urban-rural economic and cultural differences. According to data from the 2013 China National Nutrition and Health Survey, the prevalence of anemia among children under 5 years old in China was 11.6%, with 10.6% in urban areas and 12.4% in rural areas. While these figures are still relatively high, they are lower compared to the prevalence of childhood anemia in some other rural areas of China, such as Jiangxi (53.9%) and Qinghai (59.1%), suggesting that the infant and child healthcare efforts in the Ma'anshan region have been effective. However, this study suggests that there are differences in anemia detection rates between urban and rural infants aged 6 to 12 mo in the Ma'anshan region, which may be related to the educational level of the primary caregivers who directly influence children's nutritional intake[34]. Both excessive and insufficient intake can cause various health problems in children. It is still necessary to evaluate intervention measures in infant populations, especially in vulnerable rural groups, to strengthen education and guidance, and for the government to implement more targeted policies to reduce the prevalence of anemia.
In 9-mo-old and 12-mo-old infants, the anemia detection rates for different nutritional statuses (emaciation, overweight, obese, and normal) showed statistically significant differences, while there were no statistically significant differences in anemia detection rates for infants and toddlers with different nutritional statuses at other age groups. Both obese 9-mo-old and 12-mo-old infants had higher anemia detection rates than normal and overweight infants, with statistically significant differences. There were no statistically significant differences in anemia detection rates between emaciation infants and infants with other nutritional statuses[35,36]. This suggests that the nutritional status of infants and toddlers is related to the occurrence of anemia, emphasizing the need to strengthen education and guidance on feeding and nutrition among the parents of infants, in order to reduce the prevalence of anemia and improve their growth status.

CONCLUSION
Our research indicates a significant correlation between nutritional status and anemia. Nutritional status plays an important role in the production of hemoglobin and the function of red blood cells[37], thus directly affecting the occurrence and development of anemia. Nutrients in food, such as iron[38], are essential elements for the synthesis of hemoglobin. Iron deficiency is the most common cause of anemia. Folate and vitamin B12 are crucial for the production and maturation of red blood cells[39]. Deficiencies in these nutrients can lead to macrocytic anemia, characterized by increased red blood cell volume and decreased cell count. In addition, vitamin B6 plays an auxiliary role in the synthesis of hemoglobin. Long-term vitamin B6 deficiency may affect hemoglobin production and consequently cause anemia[40]. Furthermore, protein is the main component of hemoglobin and participates in the production of red blood cells. Long-term insufficient protein intake may lead to anemia. Other trace elements, such as copper, also play a role in red blood cell production and hemoglobin synthesis[41].
Preserving optimal nutritional health and securing sufficient intake of vital nutrients are fundamental in both preventing and addressing anemia. For those diagnosed with anemia, specific nutritional interventions, including the administration of iron supplements, folate, and vitamin B12, have proven effective in ameliorating the condition. This study analyzes the anemia status and influencing factors of infants and toddlers aged 6 to 36 mo in Ma'anshan City, Anhui Province, providing a scientific basis for reducing the prevalence of anemia and improving child health. However, this study, as a retrospective analysis, did not conduct a detailed questionnaire survey, and the analysis of influencing factors is insufficient. Moreover, the age range of 0 to 24 mo is a critical period for neurobehavioral development, vulnerable to the influence of risk factors such as anemia, which can persist throughout the lifespan. The anemia status of 6 to 12-mo-old infants in this region still poses a mild public health problem, reminding us to pay further attention to infant anemia, regularly screen for anemia and conduct neurobehavioral assessments in infants and toddlers, detect anemia and neurobehavioral development deviations as early as possible, provide timely and effective prevention, treatment, and early intervention, and ensure the healthy growth of children. The cognitive, motor, and learning capacities of children identified with anemia in this research warrant further exploration in future studies.

ARTICLE HIGHLIGHTS
Research background
Anemia in infants and young children can have long-term effects on cognitive and physical development. Understanding the factors that influence this is essential for targeted interventions and improving overall child health in the region.

Research motivation
Anemia is a serious global public health problem affecting about one third of the world's population. In infants and young children, anemia has an irreversible adverse impact on growth and development and is associated with impaired psychomotor development, cognitive impairment, and reduced physical activity. In recent years, China has paid attention to the prevention and treatment of anemia in children, but the prevalence of anemia is still high. There were significant differences in the prevalence of anemia among children of different ages and regions. Therefore, there is an urgent need to analyze regional children's anemia data and implement effective targeted interventions.

Research objectives
To analyze the anemia status and influencing factors of infants and young children aged 6 to 36 mo in Ma'anshan City, China. Providing scientific evidence for reducing the incidence of anemia and improving the health level of children in this age group.

Research methods
A total of 37698 infants and young children aged 6 to 36 mo who received health examinations at the Ma'anshan Maternal and Child Health Hospital from January 2018 to October 2022 were included in the study. Basic information, physical examination, and hemoglobin detection data were collected. Descriptive analysis was used to analyze the prevalence of anemia in children in the region, and univariate analysis was used to analyze the influencing factors of anemia.

Research results
The detection rate of anemia in infants and young children aged 9-36 mo decreased with age. The prevalence of anemia in rural infants was higher than that in urban infants. Boys at the age of 6 mo had a higher rate of anemia than girls, and girls at the age of 24 mo had a higher rate of anemia than boys. There was a significant difference in the rate of anemia between infants at 9 mo and 12 mo of age, and the rate of anemia in obese infants was higher than that in normal and overweight infants at 9 and 12 mo of age.

Research conclusions
Anemia is common in infants aged 6-36 mo in Ma 'anshan city of China, which is affected by many factors. It is suggested that we should pay more attention to the infants with anemia, strengthen education and targeted prevention and dietary guidance, help them to establish good living habits, improve nutritional status, reduce the incidence of anemia, and improve children's health.

Research perspectives
Our future research will be based on improving the health of children, must focus on the vulnerable groups, to provide specialized education, diet guidance and preventive measures, so as to promote healthy habits and better nutrition results. Providing scientific evidence for reducing the incidence of anemia and improving the health level of children in this age group.


REFERENCES
[bookmark: OLE_LINK537][bookmark: OLE_LINK538][bookmark: OLE_LINK539]1 Lopez A, Cacoub P, Macdougall IC, Peyrin-Biroulet L. Iron deficiency anaemia. Lancet 2016; 387: 907-916 [PMID: 26314490 DOI: 10.1016/S0140-6736(15)60865-0]
2 Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns N, Lozano R, Regan M, Weatherall D, Chou DP, Eisele TP, Flaxman SR, Pullan RL, Brooker SJ, Murray CJ. A systematic analysis of global anemia burden from 1990 to 2010. Blood 2014; 123: 615-624 [PMID: 24297872 DOI: 10.1182/blood-2013-06-508325]
3 Stevens GA, Finucane MM, De-Regil LM, Paciorek CJ, Flaxman SR, Branca F, Peña-Rosas JP, Bhutta ZA, Ezzati M; Nutrition Impact Model Study Group (Anaemia). Global, regional, and national trends in haemoglobin concentration and prevalence of total and severe anaemia in children and pregnant and non-pregnant women for 1995-2011: a systematic analysis of population-representative data. Lancet Glob Health 2013; 1: e16-e25 [PMID: 25103581 DOI: 10.1016/S2214-109X(13)70001-9]
4 Mosiño A, Villagómez-Estrada KP, Prieto-Patrón A. Association Between School Performance and Anemia in Adolescents in Mexico. Int J Environ Res Public Health 2020; 17 [PMID: 32106470 DOI: 10.3390/ijerph17051466]
5 Eden AN. Iron deficiency and impaired cognition in toddlers: an underestimated and undertreated problem. Paediatr Drugs 2005; 7: 347-352 [PMID: 16356022 DOI: 10.2165/00148581-200507060-00003]
6 Hergüner S, Keleşoğlu FM, Tanıdır C, Cöpür M. Ferritin and iron levels in children with autistic disorder. Eur J Pediatr 2012; 171: 143-146 [PMID: 21643649 DOI: 10.1007/s00431-011-1506-6]
7 Pivina L, Semenova Y, Doşa MD, Dauletyarova M, Bjørklund G. Iron Deficiency, Cognitive Functions, and Neurobehavioral Disorders in Children. J Mol Neurosci 2019; 68: 1-10 [PMID: 30778834 DOI: 10.1007/s12031-019-01276-1]
8 Tseng PT, Cheng YS, Yen CF, Chen YW, Stubbs B, Whiteley P, Carvalho AF, Li DJ, Chen TY, Yang WC, Tang CH, Chu CS, Yang WC, Liang HY, Wu CK, Lin PY. Peripheral iron levels in children with attention-deficit hyperactivity disorder: a systematic review and meta-analysis. Sci Rep 2018; 8: 788 [PMID: 29335588 DOI: 10.1038/s41598-017-19096-x]
9 Ghasemi F, Abdi A, Salari N, Tohidi MR, Faraji A. Comparing the effects of intravenous and subcutaneous Erythropoietin on blood indices in hemodialysis patients. Sci Rep 2019; 9: 2284 [PMID: 30783118 DOI: 10.1038/s41598-018-38193-z]
10 Word Health Organization. Diabetes. [cited July 15, 2023]. Available from: https://www.who.int/westernpacific/health-topics/diabetes
11 Kassebaum NJ; GBD 2013 Anemia Collaborators. The Global Burden of Anemia. Hematol Oncol Clin North Am 2016; 30: 247-308 [PMID: 27040955 DOI: 10.1016/j.hoc.2015.11.002]
[bookmark: OLE_LINK581]12 Duffy C, Kenga DB, Gebretsadik T, Maússe FE, Manjate A, Zaqueu E, Fernando HF, Green AF, Sacarlal J, Moon TD. Multiple Concurrent Illnesses Associated with Anemia in HIV-Infected and HIV-Exposed Uninfected Children Aged 6-59 Months, Hospitalized in Mozambique. Am J Trop Med Hyg 2020; 102: 605-612 [PMID: 31933456 DOI: 10.4269/ajtmh.19-0424]
13 Allali S, Brousse V, Sacri AS, Chalumeau M, de Montalembert M. Anemia in children: prevalence, causes, diagnostic work-up, and long-term consequences. Expert Rev Hematol 2017; 10: 1023-1028 [PMID: 29023171 DOI: 10.1080/17474086.2017.1354696]
14 Zavaleta N, Astete-Robilliard L. [Effect of anemia on child development: long-term consequences]. Rev Peru Med Exp Salud Publica 2017; 34: 716-722 [PMID: 29364424 DOI: 10.17843/rpmesp.2017.344.3251]
15 Cusick SE, Georgieff MK. The Role of Nutrition in Brain Development: The Golden Opportunity of the "First 1000 Days". J Pediatr 2016; 175: 16-21 [PMID: 27266965 DOI: 10.1016/j.jpeds.2016.05.013]
16 Fareeq Z, Zangana K. Influence of iron deficiency anemia on growth: A cross-sectional study. Med J Babylon 2019; 16: 335 [DOI: 10.4103/MJBL.MJBL_61_19]
17 Yang W, Liu B, Gao R, Snetselaar LG, Strathearn L, Bao W. Association of Anemia with Neurodevelopmental Disorders in a Nationally Representative Sample of US Children. J Pediatr 2021; 228: 183-189.e2 [PMID: 33035572 DOI: 10.1016/j.jpeds.2020.09.039]
18 Kaiser M, Thurner EM, Mangge H, Herrmann M, Semeraro MD, Renner W, Langsenlehner T. Haptoglobin polymorphism and prostate cancer mortality. Sci Rep 2020; 10: 13117 [PMID: 32753660 DOI: 10.1038/s41598-020-69333-z]
19 Hayashi K, Hitosugi T, Kawakubo Y, Kitamoto N, Yokoyama T. Influence of measurement principle on total hemoglobin value. BMC Anesthesiol 2020; 20: 81 [PMID: 32264817 DOI: 10.1186/s12871-020-00991-2]
20 Liu H, Zhang M, Han X. Therapeutic effect of erythropoietin on brain injury in premature mice with intrauterine infection. Saudi J Biol Sci 2020; 27: 2129-2133 [PMID: 32714039 DOI: 10.1016/j.sjbs.2020.05.040]
21 Bi L, Hou R, Yang D, Li S, Zhao D. Erythropoietin protects lipopolysaccharide-induced renal mesangial cells from autophagy. Exp Ther Med 2015; 9: 559-562 [PMID: 25574234 DOI: 10.3892/etm.2014.2124]
22 Mutasa K, Ntozini R, Mbuya MNN, Rukobo S, Govha M, Majo FD, Tavengwa N, Smith LE, Caulfield L, Swann JR, Stoltzfus RJ, Moulton LH, Humphrey JH, Gough EK, Prendergast AJ. Biomarkers of environmental enteric dysfunction are not consistently associated with linear growth velocity in rural Zimbabwean infants. Am J Clin Nutr 2021; 113: 1185-1198 [PMID: 33740052 DOI: 10.1093/ajcn/nqaa416]
23 Global Burden of Disease and Risk Factors. Washington (DC): The International Bank for Reconstruction and Development / The World Bank; 2006– [PMID: 21250374]
24 McLean E, Cogswell M, Egli I, Wojdyla D, de Benoist B. Worldwide prevalence of anaemia, WHO Vitamin and Mineral Nutrition Information System, 1993-2005. Public Health Nutr 2009; 12: 444-454 [PMID: 18498676 DOI: 10.1017/S1368980008002401]
25 Bonsergent E, Benie-Bi J, Baumann C, Agrinier N, Tessier S, Thilly N, Briançon S. Effect of gender on the association between weight status and health-related quality of life in adolescents. BMC Public Health 2012; 12: 997 [PMID: 23157722 DOI: 10.1186/1471-2458-12-997]
26 Vieira RCDS, do Livramento ARS, Calheiros MSC, Ferreira CMX, Dos Santos TR, Assunção ML, Ferreira HDS. Prevalence and temporal trend (2005-2015) of anaemia among children in Northeast Brazil. Public Health Nutr 2018; 21: 868-876 [PMID: 29183408 DOI: 10.1017/S1368980017003238]
27 Gebreweld A, Ali N, Ali R, Fisha T. Prevalence of anemia and its associated factors among children under five years of age attending at Guguftu health center, South Wollo, Northeast Ethiopia. PLoS One 2019; 14: e0218961 [PMID: 31276472 DOI: 10.1371/journal.pone.0218961]
28 Aguayo VM. Complementary feeding practices for infants and young children in South Asia. A review of evidence for action post-2015. Matern Child Nutr 2017; 13 Suppl 2 [PMID: 29032627 DOI: 10.1111/mcn.12439]
29 Duan Y, Yang Z, Lai J, Yu D, Chang S, Pang X, Jiang S, Zhang H, Bi Y, Wang J, Scherpbier RW, Zhao L, Yin S. Exclusive Breastfeeding Rate and Complementary Feeding Indicators in China: A National Representative Survey in 2013. Nutrients 2018; 10 [PMID: 29470415 DOI: 10.3390/nu10020249]
30 Oberholser CA, Tuttle CR. Assessment of household food security among food stamp recipient families in Maryland. Am J Public Health 2004; 94: 790-795 [PMID: 15117702 DOI: 10.2105/ajph.94.5.790]
31 Tomayko EJ, Mosso KL, Cronin KA, Carmichael L, Kim K, Parker T, Yaroch AL, Adams AK. Household food insecurity and dietary patterns in rural and urban American Indian families with young children. BMC Public Health 2017; 17: 611 [PMID: 28666476 DOI: 10.1186/s12889-017-4498-y]
32 Jones AD, Ngure FM, Pelto G, Young SL. What are we assessing when we measure food security? A compendium and review of current metrics. Adv Nutr 2013; 4: 481-505 [PMID: 24038241 DOI: 10.3945/an.113.004119]
33 Sato N, Hayashi F, Yoshiike N. Effectiveness of a Nutrition Education Program to Improve Children's Chewing Habits. Int Sch Res Notices 2016; 2016: 4304265 [PMID: 27382638 DOI: 10.1155/2016/4304265]
34 Eldah TT, Mary M, Selina RN, Cecilia MT. Perceptions of Caregivers Regarding Malnutrition in Children under Five in Rural Areas, South Africa. Children (Basel) 2022; 9 [PMID: 36421232 DOI: 10.3390/children9111784]
35 Park SH, Han SH, Chang KJ. Comparison of nutrient intakes by nutritional anemia and the association between nutritional anemia and chronic diseases in Korean elderly: Based on the 2013-2015 Korea National Health and Nutrition Examination Survey Data. Nutr Res Pract 2019; 13: 543-554 [PMID: 31814930 DOI: 10.4162/nrp.2019.13.6.543]
36 Yu YJ, Lu C, Yu XH, Guo DD, Li H, Li KJ, Zhao Y, Wang H. Association between nutritional and physical factors and anemia among schoolchildren aged 5 to 11 years in Beijing. Chin Med J (Engl) 2021; 134: 1629-1631 [PMID: 34116528 DOI: 10.1097/CM9.0000000000001600]
37 Yang R, Wang A, Ma L, Su Z, Chen S, Wang Y, Wu S, Wang C. Hematocrit and the incidence of stroke: a prospective, population-based cohort study. Ther Clin Risk Manag 2018; 14: 2081-2088 [PMID: 30425503 DOI: 10.2147/TCRM.S174961]
38 Kautz L, Jung G, Valore EV, Rivella S, Nemeth E, Ganz T. Identification of erythroferrone as an erythroid regulator of iron metabolism. Nat Genet 2014; 46: 678-684 [PMID: 24880340 DOI: 10.1038/ng.2996]
39 Chen X, Zhang Y, Chen H, Jiang Y, Wang Y, Wang D, Li M, Dou Y, Sun X, Huang G, Yan W. Association of Maternal Folate and Vitamin B(12) in Early Pregnancy With Gestational Diabetes Mellitus: A Prospective Cohort Study. Diabetes Care 2021; 44: 217-223 [PMID: 33158950 DOI: 10.2337/dc20-1607]
40 Huang Y, Bozulic LD, Miller T, Xu H, Hussain LR, Ildstad ST. CD8α+ plasmacytoid precursor DCs induce antigen-specific regulatory T cells that enhance HSC engraftment in vivo. Blood 2011; 117: 2494-2505 [PMID: 21190989 DOI: 10.1182/blood-2010-06-291187]
41 Sigman JA, Kim HK, Zhao X, Carey JR, Lu Y. The role of copper and protons in heme-copper oxidases: kinetic study of an engineered heme-copper center in myoglobin. Proc Natl Acad Sci USA 2003; 100: 3629-3634 [PMID: 12655052 DOI: 10.1073/pnas.0737308100]



Footnotes
Institutional review board statement: The authors are accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved. The study was conducted in accordance with the Declaration of Helsinki (as revised in 2013). The study was approved by Institutional Review Board of Ma’anshan Maternal and Child Health Center. All the study subjects provided informed consent.

[bookmark: OLE_LINK5957][bookmark: OLE_LINK5958][bookmark: OLE_LINK5725][bookmark: OLE_LINK6141][bookmark: OLE_LINK6231][bookmark: OLE_LINK6362][bookmark: OLE_LINK6363]Informed consent statement: All study participants, or their legal guardian, provided informed written consent prior to study enrollment.

Conflict-of-interest statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Data sharing statement: Not applicable.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Provenance and peer review: Unsolicited article; Externally peer reviewed.
Peer-review model: Single blind

Peer-review started: August 21, 2023
First decision: August 30, 2023
Article in press: September 6, 2023

Specialty type: Pediatrics
Country/Territory of origin: China
Peer-review report’s scientific quality classification
Grade A (Excellent): 0
Grade B (Very good): 0
Grade C (Good): C
Grade D (Fair): 0
Grade E (Poor): 0

[bookmark: OLE_LINK541][bookmark: OLE_LINK542]P-Reviewer: Delshad S, Australia S-Editor: Yan JP L-Editor: A P-Editor: Cai YX


[bookmark: OLE_LINK550][bookmark: OLE_LINK554]Table 1 Mean hemoglobin levels for different age groups
	[bookmark: _Hlk144827264]Age
	n
	[bookmark: OLE_LINK557][bookmark: OLE_LINK551]Hb (g/L), mean ± SD
	F
	P value

	6 mo
	29291
	119.46 ± 10.15
	2004.658
	< 0.001

	9 mo
	7105
	117.14 ± 10.45
	
	

	12 mo
	17374
	121.34 ± 10.33
	
	

	24 mo
	14799
	126.58 ± 9.54
	
	

	36 mo
	5839
	126.91 ± 9.18
	
	


[bookmark: OLE_LINK561][bookmark: OLE_LINK555]Hb: Hemoglobin.



[bookmark: OLE_LINK556]Table 2 Mean hemoglobin levels for different genders in each age group
	Age
	Gender
	[bookmark: OLE_LINK560]n
	Hb (g/L), mean ± SD
	t
	[bookmark: OLE_LINK559][bookmark: OLE_LINK558]P value

	6 mo
	Male
	15244
	119.38 ± 10.45
	-1.415
	0.157

	
	Female
	14047
	119.55 ± 9.81
	
	

	9 mo
	Male
	3821
	117.07 ± 10.69
	-0.611
	0.541

	
	Female
	3284
	117.22 ± 10.17
	
	

	12 mo
	Male
	9065
	121.61 ± 10.56
	3.583
	0.000

	
	Female
	8309
	121.05 ± 10.06
	
	

	24 mo
	Male
	7704
	126.69 ± 9.55
	1.415
	0.157

	
	Female
	7095
	126.46 ± 9.54
	
	

	36 mo
	Male
	2562
	126.81 ± 9.03
	-0.774
	0.439

	
	Female
	3277
	127.00 ± 9.31
	
	


Hb: Hemoglobin.



[bookmark: OLE_LINK562]Table 3 Detection rate of anemia in infants at different ages, n (%)
	Age
	Anemia
	[bookmark: OLE_LINK563][bookmark: OLE_LINK564]2
	P value

	
	Prevalence rate
	Absence of prevalence
	
	

	6 mo
	3862 (13.2)
	25429 (86.8)
	2366.51
	< 0.001

	9 mo
	1389 (19.5)
	5716 (80.5)
	
	

	12 mo
	1690 (9.7)
	15684 (90.3)
	
	

	24 mo
	372 (2.5)
	14427 (97.5)
	
	

	36 mo
	129 (2.2)
	5710 (97.8)
	
	



Table 4 The difference of anemia rate in children of different ages and different genders and different regions, n (%)
	[bookmark: OLE_LINK45]Age
	Category
	n
	Prevalence rate
	Absence of prevalence
	[bookmark: OLE_LINK566]2
	[bookmark: OLE_LINK567]P value

	[bookmark: _Hlk144827513]6 mo
	Male
	15244
	2152 (14.1)
	13092(85.9)
	24.126
	< 0.001

	
	Female
	14047
	1710 (12.2)
	12337 (87.8)
	
	

	
	Urban
	10453
	1088 (10.4)
	9365 (89.6)
	109.457
	< 0.001

	
	Rural
	18838
	2774 (14.7)
	16064 (85.3)
	
	

	9 mo
	Male
	3821
	774 (20.3)
	3047 (79.7)
	2.626
	0.105

	
	Female
	3284
	615 (18.7)
	2762 (85.8)
	
	

	
	Urban
	3219
	457 (14.2)
	2762 (92.6)
	107.215
	< 0.001

	
	Rural
	3886
	932 (24.0)
	2954 (76.0)
	
	

	12 mo
	Male
	9065
	879 (9.7)
	8186 (90.3)
	0.020
	0.887

	
	Female
	8309
	811 (9.8)
	7498 (90.2)
	
	

	
	Urban
	7106
	450 (6.3)
	6656 (93.7)
	157.778
	< 0.001

	
	Rural
	10268
	1240 (12.1)
	9028 (87.9)
	
	

	24 mo
	Male
	7704
	174 (2.3)
	7530 (97.7)
	4.268
	0.039

	
	Female
	7095
	198 (2.8)
	6897 (97.2)
	
	

	
	Urban
	4968
	120 (2.4)
	4848 (97.6)
	0.294
	0.587

	
	Rural
	9831
	252 (2.6)
	9579 (97.4)
	
	

	36 mo
	Male
	2562
	57 (2.2)
	2505 (97.8)
	0.005
	0.943

	
	Female
	3277
	72 (2.2)
	3205 (97.8)
	
	

	
	Urban
	1864
	43 (2.3)
	1821 (97.7)
	0.121
	0.728

	
	Rural
	3975
	86 (2.2)
	3889 (97.8)
	
	





Table 5 Detection rate of anemia with different nutritional status at all ages (emaciation/ overweight/obese/normal), n (%)
	Age
	Figure
	Prevalence rate
	Absence of prevalence
	[bookmark: OLE_LINK572]2
	P value

	[bookmark: _Hlk144827683]6 mo
	Emaciation
	33 (13.8)
	207 (86.3)
	6.619
	0.085

	
	Normal
	3011 (12.9)
	20259 (87.1)
	
	

	
	Overweight
	660 (14.0)
	4060 (86.0)
	
	

	
	Obese
	158 (14.9)
	903 (85.1)
	
	

	9 mo
	Emaciation
	24 (26.1)
	68 (73.9)
	16.882
	0.001a

	
	Normal
	1062 (18.9)
	4570 (81.1)
	
	

	
	Overweight
	231 (20.5)
	894 (79.5)
	
	

	
	Obese
	72 (28.1)
	184 (71.9)a,c
	
	

	12 mo
	Emaciation
	28 (12.6)
	195 (87.4)
	15.383
	0.002a

	
	Normal
	1317 (9.4)
	12626 (90.6)
	
	

	
	Overweight
	274 (10.1)
	2436 (89.9)
	
	

	
	Obese
	71 (14.3)
	427 (85.7)
	
	

	24 mo
	Emaciation
	6 (2.9)
	203 (97.1)
	4.333
	0.228

	
	Normal
	319 (2.6)
	11823 (97.4)
	
	

	
	Overweight
	41 (2.0)
	2059 (98.0)
	
	

	
	Obese
	6 (1.7)
	342 (98.3)
	
	

	36 mo
	Emaciation
	2 (1.9)
	102 (98.1)
	1.888
	0.596

	
	Normal
	107 (2.2)
	4663 (97.8)
	
	

	
	Overweight
	18 (2.4)
	729 (97.6)
	
	

	
	Obese
	2 (0.9)
	216 (99.1)
	
	


[bookmark: OLE_LINK578][bookmark: OLE_LINK579][bookmark: OLE_LINK577]aP < 0.05, statistically significant difference compared with super recombination.
[bookmark: OLE_LINK580]cP < 0.05, statistically significant difference compared to the normal group.
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