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Abstract 

The objective of this study is to analyze the relationship between lead levels, body mass index, and social environment 
with the incidence of anemia in adolescent girls, both individually and simultaneously. The study aims to maintain a 
balanced and objective approach, avoiding biased language and employing precise word choice. The language used is 
formal and clear, with a logical structure and causal connections between statements. The text adheres to conventional 
academic structure and formatting, including consistent citation and footnote style. No changes in content have been 
made, and technical term abbreviations have been explained when first used. The research data was collected using 
digital measuring instruments and questionnaires and then analyzed univariately and bivariately. The study results 
indicate that lead (Pb) levels in hair, body mass index (BMI), and social environment are significantly related to the 
incidence of anemia in adolescent girls, both partially and simultaneously. Specifically, lead levels in hair have a negative 
correlation with the incidence of anemia in adolescent girls. As lead levels in hair increase, hemoglobin values decrease, 
and the level of anemia in adolescent girls falls into the severe anemia category. However, it is worth noting that BMI 
and social environment are positively correlated with anemia in adolescent girls. This means that higher BMI and a 
better social environment are associated with higher hemoglobin levels in the blood, resulting in a lower prevalence of 
anemia in adolescent girls. Additionally, all three independent variables are related to the dependent variable by 
32.60%. This study found that lead levels in hair, BMI, and social environment account for 32.60% of anemia in young 
women. The remaining 67.40% is attributed to other variables not included in this study. 
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1. Introduction

Anemia is a significant health concern, particularly in developing countries like Indonesia. Teenage girls are among the 
groups most vulnerable to anemia, especially during menstruation. Individuals with anemia may experience symptoms 
such as fatigue, tiredness, and decreased concentration, which can negatively impact creativity and productivity. 
Additionally, anemia can increase susceptibility to disease in adulthood and contribute to nutritional problems in future 
generations (Ministry of Health, 2021). 

According to the 2021 World Health Statistics Report by the World Health Organization (WHO), the prevalence of 
anemia among non-pregnant women aged 15-49 years was 29.6%, including the adolescent age category. The report 
also states that the prevalence of anemia in women of productive age (15-49) worldwide in 2019 was approximately 
29.9% (WHO, 2021). According to the 2018 Basic Health Research report by Balitbangkes, the prevalence of anemia in 
adolescent girls in Indonesia is approximately 27.2% among those aged 15-24. In a study conducted in the working area 
of the South City Health Center in Gorontalo City, 32% of 99 teenage girls were found to suffer from anemia. Additionally, 
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it was discovered that 166 (52.9%) teenagers did not consume iron-rich foods, and 238 (77%) did not take blood 
supplement tablets regularly (Yulianingsih, 2019). 

Anemia is a significant health concern, particularly for teenagers, especially young women who are still growing. The 
causes of anemia can be influenced by inadequate nutritional intake, lack of physical activity, and social and 
environmental conditions in the areas of daily activities that do not support healthy habits. Apart from that, anemia can 
have adverse impacts, including decreased reproductive health, motor and mental development, hampered intelligence, 
decreased learning achievement, decreased fitness levels, and failure to achieve maximum height (Jaelani et al., 2017). 

The development of teenagers, especially young women, significantly affects their ability to become independent adults. 
Adolescent girls with anemia are at risk of developing anemia as women of childbearing age. This can lead to 
vulnerability during pregnancy and protein-energy deficiencies. It is important to address anemia in adolescent girls to 
prevent these potential health issues. Chronic anemia can lead to pregnancy complications, including premature birth, 
low birth weight, and the risk of bleeding during childbirth, which can result in death (Ministry of Health, 2018). 

Adolescent girls who experience anemia due to inadequate nutritional intake, rather than iron loss or deficiency, and 
who follow an inappropriate diet that affects their body mass index, may be supported by inadequate environmental 
conditions in terms of health. Young people are at greater risk of environmental hazards and pollution due to their 
immature developmental physiology and systems. Adolescents and young adults are at risk of several environmental 
pollution hazards, including air pollution, chemicals and heavy metals, climate change, UV radiation, and urban health 
(WHO, 2023). Chemicals and heavy metals are a significant environmental health hazard. Exposure to these substances 
can lead to anemia or iron deficiency, with lead (Pb) being a particularly concerning heavy metal. 

Lead, a toxic metal, can enter the human body through various means such as the consumption of contaminated food, 
drinks, air, water, smoke, and dust. It inhibits the activity of enzymes involved in the formation of hemoglobin, shortens 
the lifespan of red blood cells, reduces the number of red blood cells and reticulocytes, and increases the Fe metal 
content in blood plasma. There is a significant negative correlation between hemoglobin (Hb) levels and lead levels in 
the blood (Lailiyana et al., 2016). Lead contamination can cause various health problems, including anemia. 

The researchers conducted a study titled 'The Relationship of Lead (Pb) Content in Hair, Body Mass Index, and Social 
Environment with Anemia in Adolescent Girls in Gorontalo City' to analyze the relationship between lead levels, body 
mass index, and social environment and the incidence of anemia in adolescent girls, both individually and 
simultaneously. 

2. Methods 

This study employs observational quantitative research methods using a cross-sectional approach. The study examines 
the relationship between lead levels in hair (X1), body mass index (X2), and social environment (X3) as independent 
variables, and anemia in young women (Y) as the dependent variable. Body mass index data was collected using digital 
body scales and a stadiometer to measure height. The study collected research data on hemoglobin levels using the Easy 
Touch digital tool and blood samples from participants. Lead levels were measured using the Atomic Absorption 
Spectrophotometry (SSA) method on hair samples. Social and environmental data were obtained through 
questionnaires. The collected data was analyzed using both univariate and bivariate methods. 

3. Results  

3.1. Univariate Analysis 

The study describes the characteristics of adolescent girls who participated, including their age, incidence of anemia, 
lead levels in hair, body mass index, social environment, eating patterns, physical activity and rest habits, environmental 
health, and peer environment. Table 1 provides an overview of the demographics of the respondents in Gorontalo City. 
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Table 1 Demographics of Respondents (Young Women) in Gorontalo City 

No. Characteristics of Respondents Frequency 

Amount (n) Percentage (%) 

Age 

1 12-15 years old 23 51.10 

2 16-19 years old 22 48.89 

Anemia 

1 Mild 21 46.67 

2 Moderate 23 51.11 

3 Severe 1 2.22 

Level of Lead (Pb) in Hair 

1 Low 45 100.00 

2 Moderate 0 0.00 

3 High 0 0.00 

Body Mass Index (BMI) 

1 Very thin 21 46.67 

2 Thin 3 6.67 

3 Normal 15 33.33 

4 Fat 1 2.22 

5 Very fat 5 11.11 

Social Environment 

1 Good 0 0.00 

2 Enough 28 62.22 

3 Poor 17 37.78 

Dietary 

1 Good 1 2.22 

2 Enough 35 77.78 

3 Poor 9 20.00 

Physical Activity and Rest Habits 

1 Good 18 40.00 

2 Poor 27 60.00 

Environmental Health of Respondents 

1 Good 19 42.22 

2 Enough 4 8.89 

3 Poor 22 48.89 

Peer Environment 

1 Good 4 8.89 

2 Poor 41 91.11 
Source: Processed data, 2024 
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3.2. Bivariate Analysis 

3.2.1. Multiple regression equations and hypothesis testing 

Multiple regression analysis is conducted when there are multiple independent variables. Table 2 displays the results 
of the multiple regression analysis carried out using the SPSS program. 

Table 2 Regression Analysis Results 

Model 
Unstandardized Coefficients Standardized Coefficients 

t Sig. 
B Std. Error Beta 

1 

(Constant) 3.999 1.826  2.189 0.034 

Level of Lead (Pb) in Hair -0.032 0.111 -0.043 -0.288 0.775 

Body Mass Index (BMI) 0.068 0.027 0.339 2.528 0.015 

Social Environment 0.069 0.025 0.409 2.717 0.010 

Source: Processed data, 2024 

Based on the results of this analysis, the multiple linear regression equation model is as follows: 

Ŷ = 3,999 - 0,032X1 + 0,068X2 + 0,069X3 + ɛ 

The following can be interpreted based on the regression equation model: 

 Interpretation of constant values 

The constant value of 3.999 represents the fixed value of the anemia variable in young women in Gorontalo City, 
assuming no influence from lead (Pb) levels in hair, body mass index (BMI), or social environment. 

 Interpretation of coefficient values of lead (Pb) content in hair 

The regression coefficient for variable X1, lead (Pb) level in hair, is -0.032. This indicates that a change of 1 unit in the 
lead (Pb) level in hair will affect anemia by -0.032 times the unit, provided that the other variables remain constant 
(Cateris Paribus). 

 Interpretation of coefficient values of body mass index (BMI) 

The regression coefficient for variable X2, body mass index (IMT), is 0.068. This indicates that a one-unit change in the 
body mass index (IMT) variable will affect anemia by 0.068 times the unit, provided that the other variables remain 
constant (Cateris Paribus). 

 Interpretation of coefficient values of social environment 

The regression coefficient for variable X3 (social environment) is -0.069, indicating that a one-unit change in the social 
environment variable will result in a -0.069 unit change in anemia, assuming the other variables remain constant 
(Cateris Paribus). 

3.2.2. Partial test results 

Interpretation of partial test of variable lead (Pb) levels in hair 

Table 3 presents the test results of variables for lead (Pb) levels in hair. 
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Table 3 Partial Test Results for Levels of Lead (Pb) in Hair Variable 

Lead (Pb) Content in Hair Anemia in Adolescent Girls Total t-count 

Mild Moderate Severe 

Low 21 23 1 45 -0.228 (p-value 0.775 > 0.05) 

Moderate 0 0 0 0 

High 0 0 0 0 

Total 21 23 1 45 

Source: Processed data, 2024 

Based on the analysis, the t-count value for the lead (Pb) content variable in hair was -0.228, while the t-table value was 
2.020. When comparing the two t-values, the t-count value is still smaller than the t-table value (0.228 < 2.020). The t-count 
significance value for the lead (Pb) content variable in hair is 0.775. The significance value of lead (Pb) levels in hair is  
greater than the probability value of 0.05, or the value (0.775 > 0.05), so Ha1 is rejected. The study found no significant 
relationship between levels of lead (Pb) in hair and anemia in adolescent girls in Gorontalo City. Higher levels of lead 
(Pb) in hair were not found to be associated with a decrease in Hb value or an increase in the severity of anemia in 
young women in Gorontalo City. 

Interpretation of partial test of variable body mass index (BMI) 

Table 4 presents the test results of the variable for body mass index (BMI). 

Table 4 Partial Test Results for Body Mass Index (BMI) Variable 

Body Mass Index 
(BMI) 

Anemia in Adolescent Girls 
Total t-count 

Mild Moderate Severe 

Very thin 3 17 1 21 

2.528 (p-value 
0.015 < 0.05) 

Thin 2 1 0 3 

Normal 12 3 0 15 

Fat 0 1 0 1 

Very fat 4 1 0 5 

Total 21 23 1 45 

Source: Processed data, 2024 

Based on the analysis, the t-calculated value for the body mass index (BMI) variable was 2.528, which is greater than 
the t-table value of 2.020. Therefore, the significance value of the BMI variable (0.015) is smaller than the probability 
value of 0.05, indicating that Ha2 is accepted. The study found a positive and significant relationship between body mass 
index (BMI) and anemia in adolescent girls in Gorontalo City. Specifically, higher BMI values were associated with 
increased Hb levels and a lower likelihood of anemia. These findings suggest that improving BMI may be an effective 
strategy for reducing anemia prevalence in young women in Gorontalo City. 

Interpretation of partial test of variable social environment 

Table 5 presents the test results of the variable for social environment. 

Based on the analysis, the t-count value for the lead (Pb) content variable in hair was 2.717, which is greater than the t-
table value of 2.020. The t-count significance value for the social environment variable is 0.010, which is smaller than the 
significance level of 0.05. The t-count significance value for the social environment variable is 0.010, which is smaller than 
the significance level of 0.05. Therefore, Ha4 is accepted. The study found a positive and significant correlation between 
the social environment and anemia in young women in Gorontalo City. Specifically, a better social environment was 
associated with higher Hb values, suggesting a decrease in anemia among young women in Gorontalo City. 
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Table 5 Partial Test Results for Social Environment Variable 

Social Environment 
Anemia in Adolescent Girls 

Total t-count 
Mild Moderate Severe 

Good 0 0 0 0 

2.717 (p-value 0.010 < 0.05) 
Enough 15 13 0 28 

Poor 6 10 1 17 

Total 21 23 1 45 

Source: Processed data, 2024 

3.2.3. Simultaneous test results 

Table 6 displays the results of simultaneous testing using SPSS 21. 

Table 6 Simultaneous Test Results 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 13.200 3 4.400 6.596 .001b 

Residual 27.352 41 .667   

Total 40.552 44    

Source: Processed data, 2024 

Based on the result in Table 6, the F-count value for this research is 6.596 with a significance or probability value of 0.000. 
Meanwhile, the F-table value at a significance level of 5%, df1 of k = 2, and df2 of N-k-1=45-3-1=41 is 2.833. When 
comparing these two F values, the F-count value obtained is much greater than the F-table value. Therefore, the probability 
value obtained from the test is smaller than the value α = 0.05. In conclusion, this study found a significant relationship 
between anemia in young women in Gorontalo City and levels of lead (Pb) in hair, body mass index (BMI), and social 
environment. 

3.2.4. Coefficient of determination test 

The value of the coefficient of determination (R2) can be found in table 7. 

Table 7 Coefficient of Determination 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .571a .326 .276 .81677 

Source: Processed data, 2024 

Table 8 Partial Coefficient of Determination 

Model Standardized Coefficients Correlation 
Determination 

Value % 

Lead (Pb) Content in Hair -0.043 0.113 -0.005 -0.50 

Body Mass Index (BMI) 0.339 0.424 0.144 14.40 

Social Environment 0.409 0.456 0.187 18.70 

Simultaneous Coefficient of Determination 0.326 32.60 

Source: Processed data, 2024 
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Based on the analysis of the coefficient of determination in the table above, the R-Square value is 0.326. This indicates 
that 32.60% of the variability in anemia among adolescent girls in Gorontalo City can be explained by levels of lead (Pb) 
in hair, body mass index (BMI), and social environment. The remaining 67.40% can be attributed to unexamined 
variables. Next, a partial coefficient test is conducted. The results of the test for the partial coefficient of determination 
are presented in Table 8. 

Based on the results of the analysis of the coefficient of determination, the influence of each variable can be explained 
as follows: 

 Lead (Pb) content in hair 

Based on these calculations, the coefficient of determination value is -0.005. Therefore, the variable level of lead (Pb) in 
hair has a 0.50% influence on anemia in adolescent girls in Gorontalo City. 

 Body mass index (BMI) 

Based on these calculations, the coefficient of determination value is 0.144, indicating that the body mass index (BMI) 
variable has a 14.40% influence on anemia in young women in Gorontalo City. 

 Social environment 

Based on these calculations, the coefficient of determination value is 0.187. This means that social environmental 
variables can only account for 18.70% of the influence on anemia in young women in Gorontalo City. 

4. Discussion 

4.1. Influence of Content of Lead (Pb) in Hair on Anemia 

Lead (Pb) levels in hair indicate the amount of lead present in an individual's hair strands. Hair is commonly used as a 
measuring material or bioindicator to detect chronic exposure to heavy metals, including lead. Hair analysis can provide 
a longer-term exposure picture compared to blood or urine measurements due to the relatively slow process of hair 
growth. 

The descriptive testing results showed that all 45 respondents, who were adolescent girls, had low levels of lead (Pb) 
in their hair, accounting for 100% of the sample. This indicates that the surrounding environment, including water, air, 
and other natural resources, has a controlled or minimal level of pollution. These results demonstrate that although 
lead levels are currently low, it is important to be aware of the bioaccumulative nature of lead accumulation in the body. 
As areas become more developed, human activities become more complex, which can lead to increased lead exposure. 

The link between hair lead levels and anemia in adolescent girls can be explained through several complex mechanisms. 
One of the main ways lead affects anemia is by inhibiting iron absorption. Lead can compete with iron for absorption in 
the gut, which can result in decreased levels of iron available for hemoglobin synthesis. Chronic exposure to lead can 
also damage red blood cells and affect the hemoglobin formation process, reducing their survivability.  Furthermore, 
lead can interfere with hemoglobin production, leading to a decrease in the number of healthy red blood cells. 

The multiple regression analysis results showed that there is a negative and insignificant relationship between lead 
(Pb) levels in hair and anemia in adolescent girls in Gorontalo City. Specifically, as the level of lead (Pb) in the hair 
increases, the Hb value decreases, or the level of anemia in adolescent girls in Gorontalo City falls into the severe 
category. A decrease in the Hb value indicates the presence and severity of anemia. Higher levels of lead in hair increase 
the likelihood of adolescent girls falling into the severe anemia category. Severe anemia in adolescent girls can have 
serious long-term effects, including reduced productivity, impaired cognitive development, and risk of other health 
complications. Thus, these findings offer a solid foundation for the expansion of lead prevention and control efforts in 
the environment of adolescent girls in Gorontalo City. 

These results align with Sinatra et al.'s (2020) statement that lead (Pb) poisoning effects are characterized by impaired 
hemoglobin synthesis, leading to decreased hemoglobin levels and anemia. Rosita and Mustika (2019) found that lead 
absorbed by the blood binds to red blood cells and causes disturbances in the synthesis process of hemoglobin. 
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4.2. Influence of Body Mass Index (BMI) on Anemia 

Body Mass Index (BMI) is a measurement used to assess the proportion of a person's weight and height. BMI provides 
a rough idea of the distribution of fat in the body and is often used as a general indicator of a person's level of fatness or 
emaciation. It is commonly used in the medical and health fields to provide an initial indication of a person's nutritional 
status. The BMI calculation results are compared with standard categories established by the World Health Organization 
(WHO) or local health agencies. BMI provides an approximate indication of fat distribution and the health risks 
associated with being overweight or underweight. 

The results of the descriptive testing indicate that 46.67% of the teenage girls were severely underweight, 6.67% were 
mildly underweight, 33.33% had a normal weight, 2.22% were mildly obese, and 11.11% were severely obese. These 
findings suggest that almost half of the teenage girl respondents had a BMI indicating a weight below the normal 
standard. 

Body mass index (BMI) reflects the relationship between food intake, nutrient absorption, and body metabolism. 
Anemia, a condition often related to deficiencies in certain nutrients, can be affected by one's nutritional status. A low 
BMI could indicate that one is not getting enough nutrients, including iron, vitamin B12, or folic acid, which are critical 
for hemoglobin production. A low or suboptimal BMI can be a clue that a person has limited iron reserves. This may 
affect the body's ability to produce sufficient hemoglobin, leading to anemia. The correlation between BMI and iron 
reserves may clarify why individuals with low BMI are at a higher risk of anemia. 

The multiple regression analysis revealed a positive and significant relationship between BMI and anemia in young 
women in Gorontalo City. Specifically, higher BMI values were associated with increased Hb levels and a lower 
likelihood of anemia. It is important to note that these findings are limited to young women in Gorontalo City and cannot 
be generalized to other populations. Adolescent girls with a higher BMI are less likely to develop severe anemia and 
may even move to the mild anemia category or recover completely. These findings suggest that increasing BMI could 
have a protective effect in preventing or treating anemia in adolescent girls. 

These results are consistent with Enggardany et al.'s (2021) assertion that there is a correlation between BMI and 
anemia in adolescent girls. To prevent anemia, young women should ensure they consume iron-rich foods or take iron 
supplements daily. It is important to note that the findings of Estri & Cahyaningtyas (2021) contradict the idea that 
there is a relationship between BMI and anemia incidence in adolescent girls. 

4.3. Influence of Social Environment on Anemia 

The social environment encompasses all social interactions and relationships surrounding an individual. It includes 
factors that can shape and modify a person's behavior, beliefs, and social norms. These factors may include family, peers, 
society, culture, and social structures within a community or group. The social environment plays a significant role in 
individual development and behavior. 

The descriptive testing results indicate that none of the young women had a good perception of the social environment, 
while 28 young women or 62.22% had a fairly good perception, and 17 young women or 37.78% had a poor perception.  
These findings suggest that there are areas of the social environment that require attention and improvement in the 
lives of young women in Gorontalo City. 

The relationship between social environment and anemia involves several critical aspects, including diet, physical 
activity, rest habits, environmental health, and interactions with peers. An unbalanced diet, lack of iron, vitamin B12, 
and folate intake can be the main factors in the development of anemia. A social environment that does not support 
access to nutritious food can increase the risk of nutritional deficiencies. Physical activity also plays a crucial role in this 
relationship. Physical activity can stimulate the production of red blood cells and increase oxygen circulation, which 
may help prevent anemia. Conversely, a lack of physical activity can slow down this process and increase the risk of 
anemia. 

Irregular sleep patterns or lack of sleep can have a negative impact on blood health. Sleep disorders can disrupt the 
regeneration of blood cells and affect the function of the hematological system. Environmental factors, such as exposure 
to air and water pollution, can also affect blood health. Exposure to harmful substances can damage red blood cells and 
disrupt the process of hemoglobin formation. Additionally, social interactions can play a role  in blood health as peers 
can influence a person's eating habits and lifestyle.If the social environment supports a healthy lifestyle, including 
aspects relevant to preventing anemia, individuals may have a lower risk of developing anemia. 
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The results of testing the third hypothesis using multiple regression analysis showed that the social environment had a 
positive and significant relationship with anemia in young women in Gorontalo City. The Hb value, which indicates the 
resolution of anemia in young women in Gorontalo City, increases with a better social environment. The success of 
treating anemia in adolescent girls is closely related to the importance of a healthy and supportive social environment. 
A good and nutritious diet is one important element of the social environment. 

These results support Wiguna et al.'s (2022) statement that environmental factors play a significant role in preventing 
anemia in adolescent girls. Therefore, a comprehensive approach involving multiple stakeholders, such as the 
government, educational institutions, families, and society, is necessary. Anemia prevention and intervention efforts 
can be effectively addressed through health programs that focus on increasing knowledge, changing behavior towards 
diet and sanitation, and strengthening social support. A comprehensive approach to the social environment is necessary, 
including promoting a balanced diet, increasing physical activity, establishing good sleep habits, managing 
environmental health, and creating a social environment that supports healthy behavior. Involving peers and raising 
collective awareness about the importance of these factors can help reduce the risk of anemia in adolescent girls. 

4.4. Influence of Content of Lead (Pb) in Hair, Body Mass Index (BMI), and Social Environment on Anemia 

Anemia is a medical condition characterized by lower than normal levels of red blood cells or hemoglobin in the blood. 
Red blood cells and hemoglobin play a crucial role in carrying oxygen from the lungs to the rest of the body. A deficiency 
in red blood cells or hemoglobin can lead to a decrease in the blood's ability to transport oxygen, resulting in symptoms 
such as fatigue, shortness of breath, and pallor. Hemoglobin deficiency can result from various factors, such as iron, 
vitamin B12, or folate deficiencies, genetic disorders, or issues in red blood cell production. 

Descriptive testing revealed that 21 of the adolescent girls surveyed were in the mild anemia category, accounting for 
46.67% of the respondents.  Additionally, 23 respondents (51.11%) were in the moderate anemia category. 

Anemia is a health issue that requires attention among young women in Gorontalo City. The high prevalence rates at 
mild and moderate levels indicate the need to investigate factors that can cause or exacerbate anemia. 

The multiple regression analysis results showed a significant relationship between anemia in young women in 
Gorontalo City and lead (Pb) levels in hair, body mass index (BMI), and social environment, with a coefficient of 
determination of 32.60%. It is important to note that this relationship is not causal. Meanwhile, the remaining 67.40% 
can be explained by other variables not examined in this study, such as nutritional intake, consumption of iron-
containing vitamins, menstruation, and the presence of disease in young women. 

Lead levels in hair can indicate exposure to this heavy metal in the daily environment. Lead can interfere with the 
hemoglobin synthesis process and affect body functions. Exposure to lead can come from various sources, such as 
drinking water, paint, and the surrounding environment. Studies have shown that high levels of lead in hair may be 
associated with an increased risk of anemia in adolescent girls. Measuring lead levels can potentially indicate the risk 
of anemia among young women in Gorontalo City. 

Body Mass Index (BMI) reflects the proportion between a person's body weight and height. An optimal BMI is crucial 
for maintaining good health and preventing anemia. Adolescent girls with a low BMI may have inadequate nutritional 
intake, while those with a high BMI may experience metabolic problems and an unhealthy lifestyle. Therefore, BMI could 
be a potential determining factor in the prevalence of anemia among adolescent girls. 

The social environment of young women in Gorontalo City is a critical aspect that affects the level of anemia. Factors 
such as access to good nutrition, adequate health services, and social norms that support a healthy lifestyle can influence 
overall health conditions, including preventing or treating anemia. A supportive social environment provides health 
education, promotes healthy eating habits, and facilitates access to health services. A less supportive social environment 
may restrict access to nutritious food, which can affect BMI and increase the risk of lead exposure. Conversely, efforts 
to improve a supportive social environment can lead to better nutritional status, healthy weight management, and a 
reduced risk of lead exposure. 
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5. Conclusion 

The presented research results lead to the following conclusions: 

 There is an insignificant negative relationship between lead (Pb) levels in hair and anemia in adolescent girls 
in Gorontalo City. As the level of lead (Pb) in hair increases, the Hb value decreases or the level of anemia in 
young women in Gorontalo City falls into the severe anemia category. 

 There is a positive and significant relationship between body mass index (BMI) and anemia in adolescent girls 
in Gorontalo City. A higher BMI in young women leads to an increase in Hb value and a decrease in the 
prevalence of anemia, potentially resulting in mild or no anemia.  

 There is a positive and significant relationship between the social environment and anemia in young women in 
Gorontalo City. A better social environment is associated with higher Hb values, indicating a decrease in anemia 
among young women in Gorontalo City.  

 The study found a significant relationship between anemia in adolescent girls in Gorontalo City and lead (Pb) 
levels in hair, body mass index (BMI), and social environment (R² = 32.60%). Other variables, such as nutritional 
intake, consumption of iron-containing vitamins, sleep patterns, menstruation, and the presence of disease, 
which were not examined in this study, may explain the remaining 67.40%. 

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest to be disclosed. 

References 

[1] Alghazari, M., Z. 2022. The Influence of Social Environment on Adolescent Personality. Kompasnia.com. (online) 
accessed November 24, 2024. 

[2] Anitasari, Windy (2021). The Relationship of Nutritional Intake to the Incidence of Anemia in Adolescents in 
Besuki Village, Sambit District, Ponorogo Regency. thesis, Muhammadiyah University of Ponorogo. 

[3] Azizah, N. (2020). The Relationship of Body Mass Index with Fasting Blood Sugar Levels in Outpatients with Type 
2 Diabetes Mellitus at Dr. Wahidin Sudirohusodo General Hospital, Makassar, January-December 2018. (Doctoral 
dissertation, Hasanudin University). 

[4] Afiana, M,.2020. EXPERIENCES OF ADOLESCENT FEMALES CONSUMING BLOOD SUPPLEMENTATION TABLETS 
IN SEMARANG CITY SCHOOLS IN 2019, Muhammadiyah University of Semarang. Faculty of Nursing and Health 
Sciences. 

[5] Astriana, W. (2017). Anemia Incidence in Pregnant Women Reviewed from Parity and Age. Aisyah: Journal of 
Health Sciences, 124-128. 

[6] Asil E, Surucuoglo MS, Cakiroglu FP, Ucar A,. Ozcelik AO, Yilmaz MV. 2014. Factors that Affect Body Mass Index of 
Adults. Pakistan Journal of Nutrition. Cunningham. 

[7] Adriani, M., Wirjatmadi, R. B., &. Putri, E. B. A (2012). The Effect of Iron and Zinc Supplementation on Hb Levels 
and Physical Fitness of Adolescent Girls with Iron Deficiency Anemia. The Indonesian Journal of Public Health, 
9(1), 67-76. 

[8] Adriani, M., & Wijatmadi, B. 2012. Introduction to Community Nutrition. Jakarta. Kencana 

[9] Arisman, D. (2011). Textbook of Nutrition Science Obesity, Diabetes Mellitus,. Dyslipidemia. Jakarta: EGC 

[10] Almatsier S. 2009. Basic Principles of Nutrition Science. Jakarta: Gramedia 9th Edition. 

[11] Ardyanto D, (2005). Detection of lead (pb) contamination in the blood of people exposed to lead. Journal of 
Environmental Health,. 2 (1): 67 – 76. 

[12] Amsyari.1986.Social Psychology. Jakarta:Rineka Cipta 

[13] National Population and Family Planning Agency;. 2023. Adolescent Education and Action Module for Nutrition 
and Anemia Prevention. Jakarta: National Population and Family Planning Agency. 



International Journal of Science and Research Archive, 2024, 12(01), 2648–2660 

2658 

[14] RI Health Research and Development Agency. (2018). Basic Health Research Report 2018, Health Research and 
Development Agency of the Republic of Indonesia, Jakarta. 

[15] Bebi Trianita Sari et al., 2014. The relationship between lead poisoning and iron deficiency anemia in children. 
Department of Pediatrics, Faculty of Medicine, University of North Sumatra. 

[16] Barton, J.C., M.E. Conrad, S. Nuby, and L. Harrison. 1978. Effects of iron on the absorption and retention of lead. J. 
Lab. Clin. Med. 92(4):536-547. 

[17] Cepeda-Lopez, A. C., Osendarp, S. J., Melse-Boonstra, A., Aeberli, I., Gonzalez-Salazar, F., Feskens, E., ... & 
Zimmermann, M. B. (2011). Sharply higher rates of iron deficiency in obese Mexican women and children are 
predicted by obesity-related inflammation rather than by differences in dietary iron intake. The American journal 
of clinical nutrition, 93(5), 975-983. 

[18] Dewi, E. O. P. (2021). Experience in Changing Staying Up Late to Avoid Chronic Anemia. 

[19] Gorontalo Provincial Health Office. (2021). Provincial Health Office Holds a Campaign to Provide Iron 
Supplements for Young Women in Bone Bolango. 9-11 

[20] Dewani Prasasti, A. (2020). Nursing Care for Clients with Aplastic Anemia with Ineffective Peripheral Tissue 
Perfusion in the Lower Marjan Room, DR Slamet Garut Regional General Hospital. 

[21] Dewantara. 2010. Building the Personality and Character of the Indonesian Nation. Yogyakarta: Pustaka Belajar. 

[22] Daniels, S. R., Khoury, P. R., & Morrison, J. A. (1997). The utility of body mass index as a measure of body fatness 
in children and adolescents: differences by race and gender. Pediatrics, 99(6), 804-807. 

[23] Dalyono, M. 1997. Educational Psychology. Jakarta: PT.Rineka Cipta. 

[24] Enggardany, R., Yovita Hendrati, L., & Hairi, N. N. (2021). The Relationship between Body Mass Index (BMI) and 
Anemia in Adolescent Girls in Indonesia (Data Analysis of the Indonesia Family Life Survey 5). Amerta Nutr, 5 
(4), 347–352. 

[25] Estri, B. A., & Cahyaningtyas, D. K. (2021). Relationship of BMI with Anemia Incidence in Adolescent Girls at SMAN 
2 Ngaglik, Sleman Regency. JKM (Public Health Journal) Cendekia Utama, 8(2), 192-206 

[26] Fauzi, C. A. (2012). Analysis of knowledge and behavior of balanced nutrition according to messages 6, 10, 11, 12 
of the general guidelines for balanced nutrition (pugs) in adolescents. Indonesian Journal of Reproductive Health, 
3(2), 91-105. 

[27] Ghozali, Imam. 2016. Application of Multivariate Analysis with the Program. IBM SPSS 23 (8th Edition). VIIIth 
printing. Semarang: Publishing Agency. Diponegoro University. 

[28] https://www.cdc.gov/niosh/topics/repro/heavymetals.html. Lead & Other Heavy Metal – Reproductive Health. 
Accessed November 29, 2023. 

[29] https://indonesiabaik.id/infografis/cegah stunting dengan bebas anemia accessed June 24, 2023 at 12:14 
research yuli nurhanisah 

[30] https://www.siloamhospitals.com/informasi-siloam/artikel/kadar-hemoglobin-normal 

[31] Hastari, Komang Widya Maharani. (2022). Description of Hemoglobin Levels in Adolescent Girls at SMP Negeri 
10 Denpasar. Diploma thesis, Poltekkes Kemenkes Denpasar Department of Medical Laboratory Technology 
2022. 

[32] Hamidiyah Azizatul. 2020. The Relationship Between Nutritional Intake and the Incidence of Anemia in 
Adolescent Girls. Journal of Midwifery Science Vol 4 No1 January 2020. 

[33] Handayani, E. Y., & Sepduwiana, H. (2019). The Relationship Between Adolescent Knowledge and Mother's 
Education to the Incidence of Anemia in Adolescent Girls at SMPN 02 Rambah Hilir, Rokan Hulu Regency. Journal 
of Martenity and Neonatal, 2(7), 466-474. 

[34] Harahap, N. R. (2018). Factors related to the incidence of anemia in adolescent girls. Nursing Arts, 12(2), 78-90. 

[35] Halim, Diana. (2014). Relationship between Heme and Non-Heme Iron Intake, Protein, Vitamin C with HB Levels 
of Adolescent Girls at SMA Negeri 1 Sijunjung, Sijunjung Regency in 2014. 

[36] Hill, S. Y., Shen, S., Wellman, J. L., Rickin, E., & Lowers, L. (2005). Offspring from families at high risk for alcohol 
dependence: increased body mass index in association with prenatal exposure to cigarettes but not alcohol. 
Psychiatry research, 135(3), 203-216. 

https://www.siloamhospitals.com/informasi-siloam/artikel/kadar-hemoglobin-normal


International Journal of Science and Research Archive, 2024, 12(01), 2648–2660 

2659 

[37] Julaecha, J. (2020). Efforts to Prevent Anemia in Adolescent Girls. Jurnal Abdimas Kesehatan (JAK), 2(2), 109–
112. 

[38] Joséphine, M., Davidson, M. N., Serge, M. K., Paulin, M. K., Dominique, H., & Oscar, L. N. (2020). Blood Group 
Cartography (ABO, RHESUS, KELL and DUFFY) and Hemogram of Icteric Newborn in Sendwe Hospital, 
Lubumbashi/DRC. Journal of Pharmacy and Pharmacology, 8, 110-123. 

[39] Jaelani, M., Simanjuntak, B. Y. & Yuliantini E. 2017. Risk Factors Associated with the Incidence of Anemia in 
Adolescent Girls. Jurnal Kesehatan. Vol. VIII (3), 358 – 368. 

[40] Ministry of Health. 2021. Healthy adolescents are the main component of Indonesian human resource 
development. (Online). (Kesmas.kemkes.go.id, accessed September 20, 2023) 

[41] Katili, F. 2018. Analysis of Lead (Pb) Levels in Traffic Police Hair and Lead (Pb) Levels in Bioindicator Plants in 
Gorontalo City. UNG Repository (online). (https://repository.ung.ac.id, Accessed October 17, 2023). 

[42] Ketaren, R. Y. O. B. (2018). The Relationship Between Diet and the Incidence of Anemia in Adolescent Girls at SMA 
Pencawan Medan. Medan Health Polytechnic. 

[43] Kasanah, M., Setiani, O., & Joko, T. (2016). The Relationship Between Air Lead (Pb) Levels and Blood Lead (Pb) 
Levels in Painting Workers in the Body Building Industry in Semarang. Journal of Public Health (Undip), 4(3), 
825-832. 

[44] Lailiyana et al., 2016. The Relationship Between Lead Exposure to Siak River Water and Hemoglobin Levels in 
Adolescent Girls in Settlements on the Banks of the Siak River in Pekanbaru City in 2016. Journal of Health 
Protection, Vol 5 Number 1 April 2016 

[45] Latifah, Anisau.2012. Lead Pollution on Human Health and the Environment. Yogyakarta Health Polytechnic. 

[46] Melinda, Reni (2022) TA: Literature Review of Nursing Care for Anemia Patients with Acute Pain Problems Using 
Deep Breathing Relaxation Techniques. Diploma thesis, Yakpermas Banyumas Polytechnic. 

[47] Maskinah, E., Wahyuningsih, N. E. & Suhartono. 2016. Relationship between Blood Lead Levels and Erythrocyte 
Count in Elementary School Students. Indonesian Journal of Environmental Health. 

[48] Masrizal. 2007. Iron Deficiency Anemia. Journal of Public Health. II (1). Public Health Science Study Program: FK 
Unad. 

[49] Monks, F.J, Knoers, A.M.P, Haditono, S.R.2002. Developmental Psychology: An Introduction in Various Parts. 
Yogyakarta: Gadjah Mada. 

[50] National Academies of Sciences, Engineering, and Medicine. 2013. Potential Health Risks to DOD Firing-Range 
Personnel from Recurrent Lead Exposure. Washington, DC: The National Academies Press. 
https://doi.org/10.17226/18249.Center for deseas control and prevention (CDC), 2000. Body Mass Index: 
Consideration for practitioners. 1-4 

[51] Obeng, A., Roh, T., Aggarwal, A., Uyasmasi K & Carrillo, G. 2023. The contribution of secondhand tobacco smoke 
to blood lead levels in US children and adolescents: a cross sectional analysis of NHANES 2015 – 2018. BMC Public 
Health. 

[52] Paramudita, P. U., Mahayati, N. M. D., & Somoyani, N. K. (2021). The Relationship of Body Mass Index with Anemia 
Status in Adolescent Girls. Jurnal Ilmiah Kebidanan (The Journal Of Midwifery), 9(1), 98-102. 

[53] Permatasari, T., Briawan, D., & Madanijah, S. (2018). Effectiveness of Iron Supplementation Program in 
Adolescent Girls at Bogor City. 14(1), 1–8. 

[54] Prada, Adhitya. 2014. Relationship between Body Mass Index (BMI) and Visceral Fat Value. Thesis. Faculty of 
Medicine. Diponegoro University. 

[55] Prasetyo, D. K. (2017). Differences in Hemoglobin Levels, Leukocyte Counts, and Platelet Counts on the Incidence 
of Benign Paroxysmal Positional Vertigo (BPPV) and Other Types of Peripheral Vertigo at Tugu Rejo Regional 
Hospital, Semarang City. (Doctoral dissertation, UNIMUS). 

[56] Permaesih, D., & Herman, S. (2005). Factors Affecting Anemia in Adolescents. Indonesian Bulletin of Health 
Research, 33(4), 20280. 

[57] Riska, N. (2021). The Effect of Training on Choosing Healthy Foods to Prevent Stunting Through Nutrition 
Education on Increasing Knowledge of Adolescent Girls. JKKP (Journal of Family Welfare and Education), 8(02), 
175-185. 



International Journal of Science and Research Archive, 2024, 12(01), 2648–2660 

2660 

[58] Rosita, B., & Widiarti, L. (2018,). The Relationship of Lead (Pb) Toxicity in Blood with Hemoglobin of Pekanbaru 
Motorcycle Painting Workers. In the Proceedings of the Pioneer Health Seminar (Vol. 1, No. 1). 

[59] Rahayu, M., & Solihat, M. F. (2018). Clinical toxicology. Jakarta: Ministry of Health of the Republic of Indonesia. 

[60] Rosita, B., & Mustika, H. (2019). The Relationship of Lead (Pb) Metal Toxicity Levels with Blood Smear Images in 
Active Smokers. Perintis’s Health Journal Volume 6 Number 1 

[61] Ramadhani, A.D. 2013. The Relationship of Blood Pressure Control with Body Mass Index in Hypertension 
Patients. Journal. Jakarta: UIN 

[62] Riyadina, Woro.1997. The Effect of Pb (Plumbum) Pollution on Health. Article 

[63] Rahma, R. Understanding Adolescents and Their Characteristics. Gramedia.com/literasi.(online) accessed 
November 6, 2023. 

[64] Sriwiyanti et al., 2022 Simple Guide to Preventing the Risk of Stunting for Adolescents. Kediri: Omega Medika 
Institution 

[65] Syarifah A,. S. & Supriyanto,. 2022. Effects of Lead (Pb) on Scavenger Enzymes. Rena Cipta Mandiri. Malang. 

[66] Sinatra, D. P., Fahmi, N. F., & Amir, F. (2020, November). Lead (Pb) Exposure to Hemoglobin Levels in the Blood. 
In Conference on Innovation in Health, Accounting and Management Sciences (CIHAMS) (Vol. 1, pp. 158-165). 

[67] Saud, I. M. W., & Purwati, P. (2020). Description of Lead Levels in Gas Station Operators at Pasar Kliwon, Surakarta 
City Based on Age. Avicenna: Journal of Health Research, 3(2). 

[68] Shatriadi, H., & Zairinayati, Z. (2017). Factors related to lead (Pb) levels in the blood of pedicab drivers on Jalan 
Banten Palembang in 2017. Masker Medika, 5(2), 489-503. 

[69] Senja, A. M. 2015. The impact of air pollution by lead (Pb) on the environment and human health and its 
management. Pontianak. Tanjung Pura University. 

[70] Sugiyono, D. (2013). Educational research methods using quantitative, qualitative and R&D approaches. 

[71] Shamim, M, Miah N. R, Prodhan, K, Linkon, M, Sidur, M. 2014. Prevalence of Iron Deficiency Anemia Among 
Adolescent Girls and Its Risk Factors In Tangail Region of Bangladesh. International Journal Of Research In 
Engineering And Technology, 3(6), 613–619. 

[72] Setiadi, M. Elly & Usman Kolip. 2011. Introduction to Sociology Understanding Facts and Symptoms of Social 
Problems: Theory, Application, and Solutions. Jakarta: Granada 

[73] Santrock, J. W.(2007). Child Development. Elevent Edition. Erlangga. Jakarta 

[74] Taufiqa, Z., Ekawidyani, K. R. & Sari, T. P. 2020. I'm Healthy Without Anemia. Jakarta: Wonderland Publisher. 

[75] Utami, A., Margawati, A., Pramono, D. & Wulandari, D. Y. 2021. Anemia in Adolescent Girls. Semarang. Faculty of 
Medicine Undip. 

[76] Wahyu Nuraisya et al., .2019 effectiveness of giving TTD through the MIA bracelet program on the level of anemia 
in adolescents. Media Nusa creative, Malang. 

[77] Wiguna, A. S., Noor, M. S., Istiana, I., Juhairina, J., & Skripsiana, N. S. (2022). The Influence of School Environment 
on Anemia Prevention Behavior in Adolescent Girls of SMAIT Ukhuwah Banjarmasin. Homeostasis, 5(1), 111-
118. 

[78] www.who.int/data/gho/data/themes/topics/ anaemia in women and children. (online). Accessed December 15, 
2023. 

[79] Yadav, K., Kant, S., Ramaswamy, G., Ahamed, F. & Vohra, K. 2020. Digital Hemoglobinometers as Point of Care 
Testing Devices for Hemoglobin Estimation: A Validation Study from India. Indian J Community Medicine. Oct – 
Dec; 45(4): 506-510. 

[80] Yulianingsih, E. 2019. Determination of Risk Factors for Anemia in Adolescent Girls in the South City Health 
Center Work Area of Gorontalo City 2019. 

[81] Yudistira. 1997. Environmental Law Enforcement. Jakarta: Restu Agung. 


